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The  present  edition  of  this  treatise  has  been  rewritten  ;  and  while  the 
general  arrangement  of  subjects  is  retained,  but  little  remains  of  the 
original  text.  Although  the  third  edition,  published  in  1880,  is  still 
much  used  as  a  text-book,  for  several  years  I  have  not  been  able  to  follow 
it  closely  in  public  teaching ;  and  its  defects  have  become  so  important 
that  it  has  seemed  to  me  impossible  to  remedy  them  without  making  a 
new  book. 

I  have  thought  it  advisable  to  curtail  still  more  the  historical  refer- 
ences contained  in  former  editions.  At  the  present  day  it  is  not  possible 
to  give  even  a  brief  account  of  the  literature  of  physiology  within  the 
limits  of  a  single  volume  of  convenient  size.  I  have  avoided,  also,  as  far 
as  practicable,  discussions  of  unsettled  and  disputed  questions,  as  un- 
profitable and  confusing. 

I  have  adopted  the  new,  chemical  nomenclature,  which  is  now  almost 
universally  accepted,  but  have  not  attempted  to  give  a  full  account  of  the 
chemistry  of  the  body.  Physiological  chemistry  has  now  become  a  sci- 
ence by  itself;  and  while  it  has  contributed  very  largely  to  exact,  physio- 
logical knowledge,  its  full  consideration  is  properly  confined  to  special 
treatises. 

Recent  advances  in  the  knowledge  of  minute  anatomy,  due  largely  to 
improved  instruments  and  methods,  have  had  an  important  share  in  the 
progress  of  physiology.  These  have  been  considered  incidentally,  and 
they  now  form  an  essential  part  of  all  complete  works  on  anatomy. 

One  who  has  long  been  a  student  and  teacher  of  physiology  can 
hardly  fail  to  have  an  idea,  more  or  less  definite,  of  what  a  text-book 
should  be,  however  imperfectly  he  may  carry  out  this  idea  in  his  own 
work.  I  shall  be  more  than  satisfied  if  I  have  been  able  to  give  concise 
and  connected  statements  of  well-established  facts,  in  such  a  form  that 
they  can  easily  be  acquired  by  students  and  in  language  that  can  not  be 
misunderstood.  Peculiar  views  and  theories,  whether  of  the  author  or  of 
others,  have  no  proper  place  in  a  text-book,  which  should  represent  facts 
generally  recognized  and  accepted,  and  not  the  ideas  of  any  one  individual 
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It  does  not  seem  to  me  that  the  value  of  a  text-book  is  materially  en- 
hanced by  elaborate  descriptious  of  apparatus  and  methods,  except  as 
they  involve  principles  susceptible  of  general,  physiological  application ; 
nor  does  it  seem  profitable  to  follow  out  the  details  of  intricate,  mathe- 
matical calcolatioDS  involved  in  certain  studies,  such  as  physiological 
optics  and  acoustics,  the  results  of  which  are  universally  accepted.  It  is 
suflicient  to  teach  by  text-books  the  science  of  physiology.  The  art  of 
investigation  and  the  methods  employed  in  physiological  research  are  to 
be  learned  in  the  laboratory  and  from  special  treatises  and  monographs. 

To  those  who,  by  early  education  and  common  usage,  have  long  been 
accustomed  to  English  weights  and  measures,  the  metric  system  frequently 
fails  to  convey  a  definite  idea,  without  a  mental  reduction  to  the  familiar 
standard ;  but  the  metric  system  is  now  very  generally  used  in  scientific 
works.  In  the  text,  the  English  weights  and  measures  and  the  Fahren- 
heit scale  of  the  thermometer  have  been  retained,  and  their  equivalents  in 
the  metric  system  are  given  in  parentheses.  In  microscopic  measure- 
ments the  micromillimetre  (y^jV^  ^^  *  millimetre,  or  ^yf  ^n^  of  an  inch), 
indicated  by  the  Greek  letter  fi,  is  frequently  employed. 

The  form  and  typography  of  the  book  have  been  changed,  it  is  hoped 
for  the  better.  One  new  plate  and  sixty-one  new  figures  have  been  intro- 
duced. Two  plates  and  sixty-three  figures  have  been  discarded.  The  old 
illustrations  which  remain  have  been  carefully  examined  and  all  remedi- 
able defects  have  been  corrected.  For  most  of  the  illustrations  that  have 
been  retained,  new  electrotypes  have  been  taken  from  the  originals,  and 
tliirty  cuts  have  been  re-engraved.  A  few  engravings,  however,  taken 
from  classical  authorities,  though  defective  from  an  artistic  point  of  view, 
have  been  retained  in  their  original  form.  It  is  due  to  the  publishers  to 
make  these  statements,  and  to  say  that  they  have  spared  nothing  in  the 
mechanical  execution  of  the  work. 

Austin  Flint. 

New  Tobc,  Avffuti^  1888. 
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CHAPTER  I. 
THE  BLOOD. 


Qnantity  of  blood— Genera]  characters  of  the  blood— Blood-corpiiBcles— Development  of  the  blood-corpns- 
cles— Leucocytes— Development  of  leucocytes— Blood-plaques— Composition  of  the  red  corpuscles— 
Globnline—Hiemaglobine— Composition  of  the  blood-plasma— Inorganic  Constituents— Organic  saline 
constituents— Organic  non-nitrogeni^ed  constituents— Excrementitious  constituents— Organic  nitrogen- 
ized  constituents— Plasmine,  fibrin,  metalbnmen,  serine— Peptones — Coloring  matter— Coagulation  of 
the  blood— Conditions  which  modify  coagulation— Coagulation  of  the  blood  in  the  organism— Cause  of 
the  coagulation  of  the  blood. 

With  the  progress  of  knowledge  and  the  accumulation  of  facts  in  physi- 
ology, the  impoiiauce  of  the  blood  in  its  relations  to  the  phenomena  of  ani- 
mal life  becomes  more  and  more  thoroughly  understood  and  appreciated. 
The  blood  is  the  most  abundant  and  highly  organized  of  the  fluids  of  the 
body,  providing  materials  for  the  regeneration  of  all  parts,  without  excep- 
tion, receiving  the  products  of  their  waste  and  conve3ring  them  to  proper 
organs,  by  which  they  are  removed  from  the  system.  These  processes  require, 
on  the  one  hand,  constant  regeneration  of  the  nutritive  constituents  of  the 
blood,  and  on  the  other,  its  constant  purification  by  the  removal  of  effete 
matters. 

Those  tissues  in  which  the  processes  of  nutrition  are  active  are  supplied 
with  blood  by  vessels ;  but  some,  less  highly  organized,  like  the  epidermis, 
hair,  cartilage  etc.,  which  are  called  extra-vascular  because  they  are  not  pene- 
trated by  vessels,  are  none  the  less  dependent  upon  the  blood,  as  they  imbibe 
nutritive  material  from  the  blood  of  adjacent  parts. 

The  importance  of  the  blood  in  the  processes  of  nutrition  is  evident ; 
and  in  animals  in  which  nutrition  is  active,  death  is  the  immediate  result  of 
its  abstraction  in  large  quantity.  Its  importance  to  life  can  be  readily  dem- 
onstrated by  experiments  upon  tlie  inferior  animals.  If,  in  a  small  dog,  a 
canula  adapted  to  a  syringe  be  introduced  through  the  right  jugular  vein 
into  the  right  side  of  the  heart,  and  a  great  part  of  the  blood  be  suddenly 
withdrawn  from  the  circulation,  immediate  suspension  of  all  the  so-called 
vital  processes  is  the  result ;  and  if  the  blood  be  then  returned  to  the  system, 
the  animal  is  as  suddenly  revived. 

Certain  conditions,  one  of  which  is  diminution  in  the  force  of  the  heart's 
action  after  copious  haemorrhage,  prevent  the  escape  of  all  the  blood  from 
the  body,  even  after  division  of  the  largest  arteries ;  but  after  the  arrest  of 
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the  functions,  which  follows  copious  discharges  of  this  fluid,  life  may  be 
restored  by  injecting  into  the  vessels  the  same  blood  or  the  fresh  blood  of 
another  animal.  This  observation,  which  was  first  made  on  the  inferior  ani- 
mals, has  been  applied  to  the  human  subject ;  and  it  has  been  ascertained 
that  in  patients  sinking  under  hsemorrhage  the  introduction  of  even  a  few 
ounces  of  fresh  blood  may  restore  the  functions  for  a  time,  and  sometimes 
permanently. 

Quafitity  of  Blood. — The  determination  of  the  entire  quantity  of  blood 
contained  in  the  body  has  long  engaged  the  attention  of  physiologists,  with- 
out, however,  any  absolutely  definite  results.  The  fact  that  physiologists 
have  not  succeeded  in  determining  definitely  the  entire  quantity  of  blood 
shows  the  extent  of  the  difficulties  to  be  overcome  before  the  question  can  be 
entirely  settled.  The  chief  difficulty  lies  in  the  fact  that  all  the  blood  is  not 
discharged  from  the  body  after  division  of  the  largest  vessels,  as  after  decapi- 
tation ;  and  no  perfectly  accurate  means  have  been  devised  for  estimating 
the  quantity  which  remains.  The  estimates  of  experimenters  present  the 
following  wide  differences :  Allen-Moulins,  who  was  one  of  the  first  to  study 
this  question,  estimated  the  quantity  of  blood  at  one  twentieth  the  weight  of 
the  entire  body.  The  estimate  of  Herbst  was  a  little  higher.  Hoffmann 
estimated  the  quantity  at  one  fifth  the  weight  of  the  body.  These  observers 
estimated  the  quantity  remaining  in  the  system  after  opening  the  vessels,  by 
mere  conjecture.  Valentin  was  the  first  to  attempt  to  overcome  this  diffi- 
culty by  experiment.  For  this  purpose  he  employed  the  following  process : 
He  took  first  a  small  quantity  of  blood  from  an  animal  for  purposes  of  com- 
paiison ;  then  he  injected  into  the  vessels  a  known  quantity  of  a  saline  solu- 
tion, and  taking  another  specimen  of  blood  some  time  after,  he  ascertained 
by  evaporation  the  proportion  of  water  which  it  contained,  and  compared  it 
with  the  proportion  in  the  first  specimen.  He  reasoned  that  the  excess  of 
water  in  the  second  specimen  over  the  first  would  give  the  proportion  of  the 
water  which  had  been  added  to  the  whole  mass  of  blood ;  and  as  the  entire 
quantity  of  water  introduced  was  known,  the  entire  quantity  of  blood  could 
be  deduced  therefrom. 

The  following  process  was  employed  by  Lehmann  and  Weber,  and  was  ap- 
plied directly  to  the  human  subject  in  the  cases  of  two  decapitated  criminals : 
These  observers  estimated  the  blood  remaining  in  the  body  after  decapita- 
tion, by  injecting  the  vessels  with  water  until  it  came  through  nearly  color- 
less. The  liquid  was  carefully  collected,  evaporated  to  dryness,  and  the  dry 
residue  was  assumed  to  represent  a  certiiin  quantity  of  blood,  the  proportion 
of  dry  residue  in  a  definite  quantity  of  blood  having  been  previously  ascer- 
tained. If  it  were  certain  that  only  the  solid  matter  of  tlie  blood  was  thus 
removed,  such  an  estimate  would  be  tolerably  accurate. 

The  process  just  described  gives  an  idea  of  the  probable  quantity  of  blood 
in  the  body;  but  the  most  serious  objection  to  it  is  the  possibility  that 
certain  solid  constituents  of  the  tissues  are  washed  out  by  the  water  passing 
through  the  vessels,  and  it  is  generally  thought  that  the  estimate  by  Leh- 
mann and  Weber,  that  the  quantity  of  blood  is  equal  to  about  one  eighth  of 
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the  weight  of  the  body,  is  too  high.  More  recent  observations  have  been 
made  upon  the  inferior  animals,  by  various  methods,  which  are  all  more  or 
less  open  to  objection,  and  which  it  is  not  necessary  to  describe  in  detail ; 
but  the  results  of  neariy  all  of  the  experiments  made  within  the  last  few 
years  show  a  less  proportion  of  blood  than  was  estimated  by  Lehmann  and 
Weber.  Remembering  that  all  estimates  must  be  regarded  as  approxi- 
mate>  it  may  be  assumed  that  in  a  person  of  ordinary  adipose  and  mus- 
cular development  the  proportion  of  blood  to  the  weight  of  the  body  is 
about  one  to  ten.  The  relative  quantity  of  blood  is  less  in  the  infant  than 
in  the  adult  and  is  diminished  in  old  age.  It  has  been  found,  also,  in 
observations  on  the  inferior  animals,  to  be  greater  in  the  male  than  in  the 
female. 

Prolonged  abstinence  from  food,  except  when  large  quantities  of  liquid 
are  ingested,  has  a  notable  effect  in  diminishing  the  mass  of  blood,  as  indi- 
cated by  the  small  quantity  which  can  be  removed  from  the  body,  under  this 
condition,  with  impunity ;  and  it  has  been  experimentally  demonstrated  that 
the  entire  quantity  of  blood  is  considerably  increased  during  digestion.  Ber- 
nard drew  from  a  rabbit  weighing  about  two  and  a  half  pounds  (1,134 
grammes),  during  digestion,  ten  and  a  half  ounces  of  blood  (300  grammes) 
without  producing  death;  while  he  found  that  the  removal  of  half  that 
quantity  from  an  animal  of  the  same  size,  fasting,  was  fatal.  Wrisberg  re- 
ported a  case  of  a  female  criminal,  very  plethoric,  from  whom  nearly  twenty- 
one  and  a  half  pounds  of  blood  (9,745  grammes)  flowed  after  decapitation. 
As  the  relations  of  the  quantity  of  blood  to  digestion  are  so  important,  it  is 
unfortunate  that  the  conditions  in  this  respect  were  not  noted  in  the  obser- 
vations of  Lehmann  and  Weber.  It  is  evident  that  the  quantity  of  blood 
in  tlie  body  must  be  considerably  increased  during  digestion ;  but  as  regards 
the  extent  of  this  increase,  it  is  not  possible  to  form  any  very  definite  idea. 
It  is  shown  only  that  there  is  a  marked  difference  in  the  effects  of  lisBmor- 
rhage  in  animals  during  digestion  and  fasting. 

General  Characteus  of  the  Blood. 

Opacity. — The  opacity  of  tlie  blood  depends  upon  the  fact  that  it  is  not 
a  homogeneous  fluid,  but  is  composed  of  two  distinct  elements,  a  clear  plasma 
and  corpuscles,  which  are  both  nearly  transparent  but  wliich  have  each  a 
different  refractive  power.  If  both  of  tliese  elements  had  the  same  refrac- 
tive power,  the  mixture  would  present  no  obstacle  to  tlie  passage  of  light ; 
but  as  it  is,  the  rays,  which  are  refracted  in  passing  from  tlie  air  to  the 
plasma,  are  again  refracted  when  they  enter  the  corpuscles,  and  again,  when 
they  pass  from  the  corpuscles  to  the  i)lasma,  so  that  they  are  lost,  even  in  a 
tliin  layer  of  the  fluid. 

Odor^  Taste,  Reaction  a7id  Specific  Gravity. — The  blood  has  a  faint  but 
characteristic  odor.  This  may  be  developed  so  as  to  be  very  distinct,  by  the 
addition  of  a  few  drops  of  sulphuric  acid,  when  an  odor  peculiar  to  the  ani- 
mal from  which  the  blood  has  been  taken  becomes  very  marked. 

The  taste  of  the  blood  is  faintly  saline,  on  account  of  the  presence  of  a 
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considerable  proportion,  three  or  four  parts  per  thousand,  of  sodium  chloride 
in  the  plasma. 

The  reaction  of  the  blood  is  always  distinctly  alkaline.  It  is  not  easy, 
however,  to  demonstrate  the  alkalinity  of  the  blood,  on  account  of  the  red 
color  of  the  blood-corpuscles;  but  the  difficulty  may  be  avoided  by  using 
certain  precautions.  The  following  method,  employed  by  Schaier,  is  quite 
satisfactory :  A  drop  of  blood  is  put  upon  a  piece  of  glazed,  reddened  litmus- 
paper.  After  a  few  seconds  the  blood  is  lightly  wiped  off  with  a  damp  cloth, 
leaving  a  spot  of  a  distinctly  blue  color.  According  to  Zuntz,  the  alkalinity 
diminishes  rapidly  after  the  blood  is  drawn  from  the  vessels.  The  alkaline 
reaction  is  due  to  the  presence  of  sodium  carbonate  and  sodium  pliosphate  in 
the  plasma. 

The  specific  gravity  of  dcfibrinated  blood  is  between  1052  and  1057 
(Robin),  being  somewhat  less  in  the  female  than  in  the  male.  The  density 
varies  greatly  under  different  conditions  of  digestion. 

Temperature, — The  tempemture  of  the  blood  is  generally  given  as  between 
98°  and  100°  Fahr.  (36-67°  and  37*78°  C.) ;  but  experiments  have  shown  that 
it  varies  considerably  in  different  parts  of  the  circulatory  system,  independ- 
ently of  exposure  to  the  refrigerating  influence  of  the  atmosphere.  By  the 
use  of  very  delicate  registering  tliermometers,  Bernard  succeeded  in  estab- 
lishing the  following  facts  with  regard  to  the  temperature  in  various  parts  of 
the  circulatory  system,  in  dogs  and  sheep : 

1.  The  blood  is  warmer  in  the  right  tlian  in  the  left  cavities  of  the  heart. 

2.  It  is  warmer  in  the  arteries  than  in  tlie  veins,  with  a  few  exceptions. 

3.  It  is  generally  warmer  in  the  portal  vein  than  in  the  abdominal  aorta, 
independently  of  the  digestive  act. 

4.  It  is  constantly  warmer  in  the  hepatic  than  in  the  portal  veins. 

He  found  the  highest  temperature  in  the  blood  of  the  hepatic  vein,  where 
it  ranged  between  101°  and  107°  Fahr.  (38*33°  and  41*67°  C).  In  the  aorta, 
it  ranged  between  99°  and  105°  Fahr.  (37*22°  and  40*55°  C).  It  may  be 
assumed,  tlien,  in  general  terms,  that  the  temperature  of  the  blood  in  the 
deeper  vessels  is  between  100°  and  107°  Fahr.  (37*78°  and  41*67°  C). 

Color. — The  color  of  the  blood  is  due  to  tlie  corpuscles.  In  the  arterial 
system  it  is  uniformly  red.  In  the  veins  it  is  generally  dark  blue  and  some- 
times almost  black.  The  color  in  the  veins,  however,  is  not  constant.  Many 
years  ago,  John  Hunter  observed,  in  a  case  of  syncope,  that  the  blood  drawn 
by  venesection  was  briglit  red ;  and  more  recently,  Bernard  has  demonstrated 
that  in  some  veins,  tlie  blood  is  nearly  if  not  quite  as  red  as  in  the  arterial 
system.  The  color  of  the  vonous  blood  depends  upon  the  condition  of  the 
or^an  or  part  from  which  it  is  returned.  The  red  color  was  first  noticed  by 
Bernard  in  the  renal  veins,  where  it  contrasts  very  strongly  with  the  black 
blood  in  the  vena  cava.  lie  afterward  observed  that  the  redness  existed  only 
during  the  activity  of  the  kidneys;  and  when,  from  any  cause,  the  secretion 
of  urine  was  arrested,  the  blood  became  dark.  He  was  led,  from  this  obser- 
vation, to  examine  the  venous  blood  from  other  glands;  and  directing  his 
attention  to  those  which  he  was  able  to  examine  during  their  activity,  par- 
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ticnlarly  the  salivary  glands,  he  found  the  blood  red  in  the  veins  during 
secretion,  but  becoming  dark  as  soon  as  secretion  was  arrested.  In  the  sub- 
maxillary gland,  by  Faradization  of  a  certain  nerve,  called  the  motor  nerve  of 
the  gland,  Bernard  was  able  to  produce  secretion,  and  by  stimulating  another 
nerve,  to  arrest  it ;  in  this  way  changing  at  will  the  color  of  the  blood  in  the 
vein.  It  was  found  by  the  same  observer  that  division  of  the  sympathetic  in 
the  neck,  which  dilates  the  vessels  and  increases  the  supply  of  blood  to  one 
side  of  the  head,  produced  a  red  color  of  the  blood  in  the  jugular.  He  also 
found  that  paralysis  of  a  member  by  division  of  the  nerve  had  the  same 
effect  on  the  blood  returning  by  the  veins. 

The  explanation  of  these  facts  is  evident  in  view  of  the  reasons  why  the 
blood  is  red  in  the  arteries  and  dark  in  the  veins.  Its  red  color  depends  upon 
the  presence  of  oxygen  in  the  corpuscles ;  and  as  the  blood  passes  through 
the  lungs  it  loses  carbon  dioxide  and  the  corpuscles  gain  oxygen,  changing 
from  black  to  red.  In  its  passage  through  the  capillaries  of  the  system,  in 
the  ordinary  processes  of  nutrition,  the  blood  loses  oxygen  and  gains  carbon 
dioxide,  changing  from  red  to  black.  During  the  intervals  of  secretion,  the 
glands  receive  just  enough  blood  for  their  nutrition,  and  the  ordinary  inter- 
change of  gases  takes  place,  with  the  consequent  change  of  color ;  but  dur- 
ing secretion,  the  blood  is  supplied  to  the  glands  in  greatly  increased  quan- 
tity. Under  these  conditions,  it  does  not  lose  oxygen  and  gain  carbon 
dioxide  in  any  great  quantity,  as  has  been  demonstrated  by  actual  analysis, 
and  consequently  there  is  no  marked  change  in  color.  When  filaments  of 
the  sympathetic  are  divided,  the  blood-vessels  are  dilated,  and  the  supply  of 
blood  is  increased  to  such  an  extent  that  a  certain  proportion  passes  through 
without  parting  with  its  oxygen — a  fact  which  has  also  been  demonstrated 
by  analysis — and  consequently  it  retains  its  red  color.  The  explanation  in 
cases  of  syncope  is  probably  the  same,  although  this  is  merely  a  supposition. 
Even  during  secretion,  a  certain  quantity  of  carbon  dioxide  is  formed  in  tlie 
gland,  which,  according  to  Bernard,  is  carried  off  in  solution  in  the  secreted 
fluid. 

It  may  be  stated,  then,  in  general  terms,  that  the  color  of  the  blood  in  the 
arteries  is  bright  red ;  and  in  the  ordinary  veins,  like  the  cutaneous  or  mus- 
cular, it  is  dark  blue,  almost  black.  It  is  red  in  the  veins  coming  from  glands 
during  secretion,  and  dark  during  the  intervals  of  secretion. 

Anatomical  Elements  in  the  Blood. 

In  1C61,  Malpighi,  in  examining  the  blood  of  the  hedgehog,  with  the  im- 
perfect lenses  at  his  command,  discovered  little  floating  particles  which  he 
mistook  for  granules  of  fat,  but  which  were  the  blood-corpuscles.  He  did 
not  extend  his  observations  in  this  direction;  but  a  few  years  later  (10T3), 
Leeuwenhoek,  by  the  aid  of  simple  lenses  of  his  own  construction,  ranging  in 
magnifying  power  between  forty  and  one  hundred  and  sixty  diameters,  first 
saw  the  corpuscles  of  human  blood,  wliich  he  minutely  described  in  a  i)aper 
published  in  tlie  Philosophical  Transactions,  in  1GT4.  To  Leeuwenlioek  is 
generally  ascribed  the  honor  of  the  discovery  of  the  blood-corpuscles.    About 
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a  eentiiry  later,  William  Hewson  described  another  kind  of  corpuscles  in  the 
blood,  much  less  abundant  than  the  red,  wliich  are  now  known  under  the 
name  of  white  globules,  or  leucoe^'tes* 

Without  following  the  progress  of  microscopical  investigations  into  the 
congtitntion  of  the  blood,  it  may  be  stated  that  it  h  now  known  to  be  com- 
posed of  a  clear  fluid,  the  plasma,  or  liquor  sanguinis,  holding  certain  corpus* 
cles  in  suspension.     These  corpuscles  are  of  three  kinds : 

1*  Red  coqniscles ;  by  far  the  most  abundant,  constituting  a  little  less 
than  one-half  of  the  mass  of  blood, 

2,  Leucocytes,  or  white  corpuscles;  much  less  abundant,  existing  only  in 
the  pro]>ortion  of  1  to  T50  or  1,000  red  corpuscles. 

3.  Blood-plaques ;  varying  in  si^e,  8haj>e  and  number. 

7?^^/  Corj)Uf<f'h's. — These  little  bodies  give  to  the  blood,  its  red  color  and 
it^  opacity.  They  are  organized  structures,  containing  organic  nitrogenized 
and  inorganic  matters  molecularly  united  and  a  little  fatty  matter  in  union 
with  the  organic  constituents*    They  constitute  a  little  less  than  one-half  the 

mass  of  blood,  and  according  to  the 
observations  of  all  who  have  investi- 
gated this  subject,  are  more  abun- 
dant in  the  male  than  in  the  female. 
The  form  of  the  blood-corpuscles 
is  peculiar.  They  are  flattened,  bi- 
concave, circular  disks,  with  a  thick- 
ness of  one-fourth  to  one-third  of 
their  diameter.  Their  edges  are 
rounded,  and  the  thin,  central  por- 
tion (X'cupies  about  one-hajf  of  their 
diameter.  Their  consistence  is  not 
much  greater  than  that  of  the  })la&- 
ma.  They  are  very  elastic,  and  if 
deformed  by  prci^sui^e,  immediately 
resume  their  original  shape  when 
the  pressure  is  removed.  Their  s}>e- 
citic  gravity  is  between  1U88  and 
1105,  considerably  greater  than  the  specific  gravity  of  the  plasma,  which  ia 
about  10:^8. 

When  the  blood  has  been  drawn  from  the  vessels  and  coagulates  slowly, 
the  greater  density  of  the  red  corpuscles  causes  them  to  gravitate  to  the  lower 
portions  of  the  clot,  leaving  the  white  corjmscles  and  filirin  at  the  surface.  If 
coagulation  be  prevented  by  tlie  addition  of  a  small  quantity  of  smiium  sul- 
phate, there  is  quite  a  markcnl  gravitation  of  red  corpuscles  after  standing 
for  some  hours. 

The  peculiar  form  of  the  blowl-corpusclea  gives  them  a  very  characteris- 
tic appearance  under  the  mieroscojK).  Examined  with  a  magnifying  power 
of  between  three  hundred  and  live  hundred  diameters,  those  which  present 
their  flut  surfaces  have  a  shaded  centre  when  the  edges  are  exactly  in  focus. 


diametrrt  (titeriibpri?). 

This  figure  also  shown  a  leucocyte  coaUMn^  four 

flatty  gnuiuleo. 
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This  appearance  is  an  optical  effect  due  to  the  form  of  the  corpuscles ;  their 
biconcavity  rendering  it  impossible  for  the  centre  and  edges  to  be  exactly  in 
focus  at  the  same  instant,  so  that  when  the  edges  are  in  focus,  the  centre  is 
dark,  and  when  the  centre  is  bright,  the  edges  are  shaded. 

As  the  blood-corpuscles  are  examined  with  the  microscope,  by  transmitted 
light,  they  are  nearly  transparent  and  of  a  pale-amber  color.    It  is  only  when 
they  are  collected  in  masses  that  they  present  the  red  tint  characteristic  of 
blood  as  it  appears  to  the  naked 
eye.     This  yellow  or  amber  tint  is 
quite  characteristic.      An  idea  of 
the  color  may  be  obtained  by  large- 
ly diluting  blood  in  a  test-tube  and 
holding  it  between  the  eye  and  the 
light. 

In  examining  blood  under  the 
microscope,  the  corpuscles  are  seen 
in  many  different  positions,  and 
this  assists  in  the  recognition  of 
their  peculiar  form. 

It  has  long  been  observed  that 
the  blood-corpuscles  have  a  remark- 
able tendency  to  arrange  them- 
selves in  rows  like  rouleaux  of  coin. 
This  appearance  is  due  to  the  fol- 
lowing conditions : 

Shortly  after  removal  from  the  vessels,  there  exudes  from  the  corpuscles 
an  adhesive  substance  which  causes  them  to  stick  together.  Of  course  the 
tendency  is  to  adhere  by  their  flat  surfaces  (Robin).  This  phenomenon  is 
due  to  a  post-mortem  change ;  but  it  occurs  so  soon,  that  it  presents  itself 
ill  nearly  every  specimen  of  fresh  blood,  and  is  therefore  mentioned  in  con- 
nection with  the  normal  characters  of  tlie  blood -corpuscles. 

The  diameter  of  the  blood-corpuscles  has  a  more  than  ordinary  anatomi- 
cal interest;  for,  varying  perhaps  less  in  size  than  other  anatomical  ele- 
ments, they  are  often  taken  as  the  standard  by  which  an  idea  is  formed  of 
the  size  of  other  microscopic  objects.  The  diameter  usually  given  is  y^V?r  ^^ 
an  inch  (7*1?  /a).  The  exact  measurement  given  by  Robin  is  yjVr  ^^  ^^ 
inch  (7*3  /a).  Very  few  corpuscles  are  to  be  found  which  vary  from  this 
measurement.  Kolliker,  who  gives  their  average  diameter  as  y^j^  of  an 
nich  (7  ft),  states  that  "at  least  ninety-five  out  of  every  hundred  corpuscles 
are  of  the  same  size." 

Measurements  of  the  blood-corpuscles  of  different  animals  are  important, 
fi-om  the  fact  that  it  often  becomes  a  question  to  determine  whether  a  given 
specimen  of  blood  be  from  the  human  subject  or  from  one  of  the  inferior 
animals.  Comparative  measurements  also  have  an  interest  on  account  of  a 
relation  which  seems  to  exist  in  the  animal  scale  between  the  size  of  the 
blood-corpuscles  and   muscular  activity.     In   all   the   mammalia,  with  the 
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exception  of  the  camel  and  llama,  in  which  the  corpuscles  are  oval,  the 
blood  has  nearly  the  same  anatomical  characters  as  in  the  human  subject. 
In  only  two  animals,  the  elephant  and  sloth,  are  the  red  corpuscles  larger 
than  in  man;  and  in  all  others,  they  are  smaller  or  of  nearly  the  same 
diameter.  In  some  animals,  the  corpuscles  are  very  much  smaller  than  in 
man,  and  by  accurate  measurements,  their  blood  can  be  distinguished  from 
the  blood  of  the  human  subject ;  but  in  forming  an  opinion  on  this  subject, 

it  must  be  remembered  that  there  is 
some  variation  in  the  size  of  the  cor- 
puscles of  the  same  animal.  The 
blood  of  the  human  subject  or  of  the 
mammals  generally  can  be  readily  dis- 
tinguished from  the  blood  of  birds, 
fishes  or  reptiles;  for  in  these  ani- 
mals, the  corpuscles  are  oval  and  con- 
tain a  granular  nucleus. 

Milne-Edwards  has  attempted  to 
show,  by  a  comparison  of  the  diameter 
of  the  blood  -  corpuscles  in  different 
species,  that  their  size  bears  an  inverse 
ratio  to  the  muscular  activity  of  the 
animal.     This  relation  holds  good  to 


Fio.  H.— Blood-corpuscles  of  the  frog  ;  ma\ 
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870  diameters  (from  a  photograph 

Medical  Museum). 


h  taken  at  somc  cxtcut,  whilc  there  certainly  ex- 
ists none  between  the  size  of  the  cor- 
puscles and  the  size  of  the  animal.  In  deer,  animals  remarkable  for 
muscular  activity,  the  corpuscles  are  very  small,  yj^^^  of  an  inch  (5  ft) ; 
while  in  the  sloth  they  are  ^^jf  {^'^  A*)»  ^^^1  ^^  the  ape,  which  is  com- 
paratively inactive  y^  (7-7  /i).  On  the  other  hand,  in  the  dog,  which  is 
quite  active,  the  corpuscles  measure  ^-^jf  of  an  inch  (7*17  ft),  and  in  the  ox, 
which  is  certainly  not  so  active,  the  diameter  of  the  corpuscles  is  ^^^  of  an 
inch  (Oft).  Although  this  relation  between  the  size  of  the  blood-corpuscles 
and  muscular  activity  is  not  invariable,  it  is  certain  that,  the  higher  the 
animal  in  the  scale,  the  smaller  are  the  blood-corpuscles ;  the  largest  being 
found  in  the  lowest  orders  of  reptiles,  and  the  smallest,  in  the  mammalia. 
The  blood  of  the  invertebnites,  with  a  few  exceptions,  contains  no  colored 
corpuscles. 

Enumeration  of  the  Blood- Corpuscles. — In  most  of  the  quantitative  analy- 
ses of  the  blood,  the  proportion  of  moist  coqiuscles  to  the  entire  mass  of  bloo<l 
is  stated  to  be  a  little  less  than  one-half.  This  estimate  is  necessarily  rather 
rou<^h ;  and  it  would  be  useful  to  ascertain,  if  possible,  the  normal  varia- 
tions in  the  proi)()rti()n  of  corpuscles,  under  dilferent  conditi<ms  of  the  sys- 
tem, j)articularly  as  these  bodies  play  so  important  a  ])art  in  many  of  the 
functions  of  the  or<ranisni.  Actual  enumerations  of  the  blood -corpuscles 
have  betMi  made  by  \'ierordt,  Weckler,  MaltLSsez  and  others.  It  is  stated  by 
Malassez  that  the  error  in  his  calculations  is  not  more  than  two  or  three  }H*r 
cent.     The  process  employed  by  Malassez  is  the  following : 
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The  blood  to  be  examined  is  diluted  with  ninety-nine  parts  of  a  liquid  com- 
posed of  one  volume  of  a  solution  of  gum-arabic  of  a  specific  gravity  of  1020 
with  three  volumes  of  a  solution  of  equal  parts  of  sodium  sulphate  and  of  so- 
dium chloride,  also  of  a  specific  gravity  of  1020.  The  mixture,  containing  one 
part  of  blood  in  one  hundred,  is  introduced  into  a  small  thermometer-tube 
with  an  elliptical  bore,  the  sides  of  the  tube  being  gi'ound  flat  for  convenience 
of  microscopical  examination.  The 
capacity  of  the  tube  is  to  be  calcu- 
lated by  estimating  the  weight  of  a 
volume  of  mercury  contained  in  a 
given  length.  The  tube  is  then  filled 
with  the  diluted  blood,  and  the  num- 
ber of  corpuscles  in  a  given  length  of 
the  tube  is  counted  by  means  of  a  mi- 
croscope fitted  with  an  eye-piece  mi- 
crometer. In  this  way,  the  number 
of  corpuscles  in  a  given  volume  of 
blood  can  be  readily  estimated.  In 
man,  the  number  in  a  cubic  millime- 
tre of  blood — a  millimetre  =  about 
^  of  an  inch — is  estimated  to  be  be- 
tween four  and  a  half  and  five  mill- 


ions. 


Fio.4. 

cromeier  (Malaasez). 


Artificial  capillary^  filled  with  a  sanguin- 
eoua  mixture^  teen  under  a  qwxdrilateral  mi- 


According  to  the  observations  of  Malassez,  the  proportion  of  corpuscles  is 
about  the  same  in  all  parts  of  the  arterial  system.  In  the  veins,  the  cor- 
puscles are  more  abundant  than  in  the  arteries.  In  the  venous  system,  the 
blood  of  the  splenic  veins  presents  the  largest  proportion  of  corpuscles,  and 

the  proportion  is  smallest  in  the 
blood  of  the  hepatic  veins.  These 
results  favor  the  idea  that  the  red 
corpuscles  are  formed,  to  a  certain 
extent,  in  the  spleen  and  that  some 
are  destroyed  in  the  liver  ;  but  far- 
ther observations  are  necessary  to 
render  this  view  certain. 

Pof>t -mortem  Chcuifjes  in  the 
BJ 00(1 '  Corp UM'Ies,  —  In  examining 
the  fresh  blood  under  the  micro- 
scope, after  the  specimen  has  been 
under  observation  a  short  time,  the 
corj)uscles  are  observed  to  assume  a 
peculiar  appearance,  from  the  de- 
velopment, on  their  surface,  of  very 
minute,  rounded  projections,  like 
the  granules  of  a  raspberry.  A  little  later,  when  they  have  become  partly 
desiccated,  they  present  a  shrunken  appeanince  and  their  edges  are  more  or 


Fio.  5.— Human  blood-corpuMclea,  showing  post-mor- 
tem alterations  (Funke). 
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less  serrated.  Under  these  conditions,  their  original  form  may  be  restored 
by  adding  to  the  specimen  a  liquid  of  about  the  density  of  the  serum.  When 
they  have  been  completely  dried,  as  in  blood  spilled  upon  clothing  or  on  a 
floor,  they  can  be  made  to  assume  their  characteristic  form  by  carefully  moist- 
ening them  with  an  appropriate  liquid.  This  property  is  taken  advantage 
of  in  examinations  of  old  spots  supposed  to  be  blood ;  and  if  the  manipula- 
tions be  carefully  conducted,  the  corpuscles  may  be  recognized  without  diffi- 
culty by  means  of  the  microscope. 

If  pure  water  be  added  to  a  specimen  of  blood  under  the  microscope,  the 
corpuscles  swell  up,  become  spherical  and  are  finally  dissolved.  The  same 
effect  follows  almost  instantaneously  on  the  addition  of  acetic  acid. 

Structure, — The  blood-corpuscles  are  perfectly  homogeneous,  presenting, 
in  their  normal  condition,  no  nuclei  or  granules,  and  are  not  provided  with 
an  investing  membrane.  The  appearances  presented  upon  the  addition  of 
iodine  to  blood  prenously  treated  with  water,  which  have  been  supposed  to 
indicate  the  presence  of  shreds  of  ruptured  vesicles,  ai*e  not  sufficiently  dis- 
tinct to  demonstrate  the  existence  of  a  membrane.  The  great  elasticity  of 
the  corpuscles,  the  persistence  with  which  they  preserve  their  biconcave  form, 
and  their  general  appearance,  rather  favor  the  idea  that  they  are  homogene- 
ous bodies  of  a  definite  shape,  than  that  they  have  a  cell-wall  with  semi-fluid 
contents ;  especially  as  the  existence  of  a  membrane  Jias  been  only  inferred 
and  not  positively  demonstrated. 

Development  of  the  Blood- Corpuscles. — Very  early  in  the  development  of 
the  ovum,  the  blood-vessels  appear,  constituting  what  is  called  the  area  vascu- 
losa.  At  about  the  same  time,  the  blood-corpuscles  are  developed,  it  may  be 
before,  or  it  may  be  just  after  the  appearance  of  the  vessels,  for  this  point  is 
undetermined.  The  blood  becomes  red  when  the  embryon  is  about  one-tenth 
of  an  inch  (2-5  mm.)  in  length.  From  this  time  until  the  end  of  the  sixth 
or  eighth  week,  they  are  thirty  to  one  hundred  per  cent,  larger  than  in  the 
adult.  ^lost  of  them  are  circular,  but  some  are  ovoid  and  a  few  are  globular. 
At  this  time,  nearly  all  of  them  are  provided  with  a  nucleus ;  but  from  the 
first,  there  are  some  in  which  this  is  wanting.  The  nucleus  is  ^^^  to  if^^ 
of  an  inch  (3*1  ft  to  3*0  /i)  in  diameter,  globular,  gmnular  and  insoluble  in 
water  and  acetic  acid.  As  development  advances,  these  nucleated  corpuscles 
are  gradually  lost ;  but  even  at  the  fourth  month,  a  few  remain.  After  this 
time,  they  do  not  differ  anatomically  from  the  blood-corpuscles  in  the  adult. 

In  many  works  on  physiology  and  general  anatomy,  accounts  are  given  of 
the  development  of  the  red  corpuscles  from  the  colorless  corpuscles,  or  leuco- 
cytes, which  are  supposed  to  become  disintegrated,  tlieir  particles  becoming 
developed  into  red  corpuscles;  but  tliere  seems  to  be  no  positive  evidence 
that  sucli  a  process  takes  place.  The  red  corpuscles  appear  before  the  leu- 
cocytes are  formed ;  and  it  is  mainly  the  fact  that  the  two  varieties  coexist  in 
the  blood-vessels  wliieh  has  given  rise  to  such  a  theory.  It  is  most  reasonable 
to  consider  tliat  the  first  red  corpuscles  are  formed  in  the  area  vasculosa  in 
the  siiine  way  that  other  anatomical  elements  make  their  apjjearance  at  that 
time,  tlie  exact  process  not  being  understood.     In  the  later  periods  of  devel- 
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opment  of  fhe  foetus  and  in  the  adult,  it  is  probable  that  the  red  marrow  of 
the  bones  and,  perhaps,  to  a  certain  extent,  the  spleen  have  important  uses  in 
connection  with  the  development  of  the  red  blood-corpuscles.  The  observa- 
tions of  Neumann,  of  Konigsburg,  and  of  Bizzozero,  of  Turin,  about  the 
year  1868,  bave  been  extended  and  confirmed  by  others,  and  show  that  there 
is  a  generation  of  red  corpuscles  in  the  red  marrow  of  the  bones,  which  is 
now  regarded  as  the  most  important  of  the  so-called  corpuscle-forming  organs. 
In  the  foetus  and  in  the  young  infant,  the  marrow  of  nearly  all  the  bones  is 
red,  or  of  tfie  kind  called  lymphoid.  In  the  adult,  the  marrow  of  the  long 
bones  is  yellow,  or  fatty,  the  red  marrow  being  confined  to  the  cancellated 
structure  of  the  short  and  the  flat  bones.  Although  the  researches  with  re- 
gard to  the  spleen  are  less  positive  and  definite  in  their  results,  it  is  proba- 
ble that  this  organ  also  contributes  to  the  development  of  the  red  blood- 
corpuscles. 

The  exact  mode  of  development  of  the  red  corpuscles  in  the  marrow  and 
in  the  spleen  has  not  been  very  satisfactorily  described  and  is  still  a  question 
concerning  which  there  is  much  difference  of  opinion  among  histologists. 
A  full  discussion  of  this  question  would  be  out  of  place  in  this  work,  which 
is  intended  to  embrace  only  those  points  in  histology  that  have  been  defi- 
nitely settled. 

It  is  probable  that  the  red  corpuscles  are,  in  certain  number,  destroyed 
in  the  passage  of  the  blood  through  the  liver  and  perhaps,  also,  in  the  spleen, 
the  coloring  matter  contributing  to  the  formation  of  the  biliary  and  the  urin- 
ary pigmentary  matters.  If  this  view  be  accepted,  the  spleen  is  concerned 
in  both  the  formation  and  the  disintegration  of  blood-corpuscles. 

In  the  present  state  of  knowledge,  the  following  seem  to  be  the  most 
rational  views  with  regard  to  the  development  and  destination  of  the  red 
blood-corpuscles. 

1.  At  the  time  of  their  first  appearance  in  the  ovum,  the  blood-corpuscles 
are  formed  by  no  special  organs,  for  no  special  organs  then  exist. 

2.  In  the  foetus,  after  the  development  of  the  marrow  of  the  bones  and  of 
the  spleen,  and  in  the  adult,  these  parts  have  important  uses  in  the  forma- 
tion of  the  red  corpuscles,  especially  the  red  marrow  of  the  bones. 

3.  It  is  probable  that  the  red  blood-coi-puscles  are  constantly  undergoing 
destruction,  and  that  their  coloring  matter  contributes  to  tlie  formation  of 
other  pigmentary  matters.  As  the  corpuscles  are  thus  destroyed,  and  as  they 
are  diminished  in  number  in  disease  or  by  hsemorrhage,  tliey  are  probably 
replaced  by  new  corpuscles  formed  in  greatest  part  in  the  red  marrow  of  the 
bones. 

4.  Pathological  observations  seem  to  show  that  in  certain  cjises  of  anae- 
mia, when  there  is  an  abnormal  destruction  of  red  corpuscles,  the  activity  of 
the  corpuscle-forming  office  of  the  marrow  is  increased,  compensiiting,  to  a 
certain  extent,  the  conditions  wliich  involve  the  abnormal  destruction  of  the 
corpuscles. 

Uses  of  the  Red  Blood- Corpuscles. — Altliongh  the  albuminoid  constitu- 
ents of  the  plasma  of  the  blood  are  essential  to  nutrition,  the  red  corpuscles 
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are  the  parts  most  immediately  necessary  to  life.  It  is  well  known  that  life 
may  be  i-estored  to  an  animal  in  which  the  functions  have  been  suspended 
by  haemorrhage,  by  the  introduction  of  fresh  blood ;  and  while  it  is  not  neces- 
sary that  this  blood  should  contain  the  fibrin-factors,  it  has  been  shown  by 
the  experiments  of  Prevost  and  Dumas  and  others,  that  the  introduction  of 
serum,  without  the  corpuscles,  has  no  permanent  restorative  effect.  When  all 
the  arteries  leading  to  a  part  are  tied,  the  tissues  lose  their  properties  of 
contractility,  sensibility  etc.,  which  may  be  restored,  however,  by  supplying 
it  again  with  blood.  It  will  be  seen,  in  treating  of  respiration,  that  one  great 
distinction  between  the  corpuscular  and  fluid  elements  of  the  blood  is  the 
great  capacity  which  the  former  have  for  absorbing  gases.  Direct  observa- 
tions have  shown  that  blood  will  absorb  ten  to  thirteen  times  as  much  oxygen 
as  an  equal  bulk  of  water ;  and  this  is  dependent  almost  entirely  on  the  pres- 
ence of  the  red  corpuscles.  As  all  the  tissues  are  constantly  absorbing 
oxygen  and  giving  off  carbon  dioxide,  a  very  important  office  of  the  corpus- 
cles is  to  carry  oxygen  to  all  parts  of  the  body.  In  the  present  state  of 
knowledge,  this  is  the  only  well-defined  use  which  can  be  attributed  to  the 
red  corpuscles,  and  it  undoubtedly  is  the  principal  one.  They  have  an  affin- 
ity, though  not  so  great,  for  carbon  dioxide  which,  after  the  blood  has  cir- 
culated in  the  capillaries  of  the  system,  takes  the  place  of  the  oxygen.  In  a 
series  of  experiments  on  the  effects  of  haemorrhage  and  the  seat  of  the  "  sense 
of  want  of  air,"  it  was  demonstrated  that  one  of  the  results  of  removal  of 
blood  from  the  system  was  a  condition  of  asphyxia,  dependent  upon  the 
absence  of  these  respiratory  elements  (Flint,  I8GI). 

Leucocyies^  orWhife  Corpuscles  of  the  Blood. — In  addition  to  the  red  cor- 
puscles of  the  blood,  this  fluid  always  contains  a  number  of  colorless  bodies, 

globular  in  form,  in  the  substance 
of  which  are  embedded  a  greater  or 
less  number  of  minute  granules, 
forming  a  nucleus  of  irregular  shape. 
These  have  been  called  by  Eobin, 
leucocytes.  This  name  seems  more 
appropriate  than  that  of  white  or 
colorless  blood-corpuscles,  inasmuch 
as  these  bodies  are  not  jKJCuliar  to 
the  blood,  but  are  found  in  the 
hinph,  chyle,  pus  and  various  other 
fluids,  in  which  they  were  formerly 
known  by  different  names.  The 
description  whicli  will  be  given  of 
tlie  wliite  cori)nscles  of  tlie  blood, 

Fio.  6.— Human  leiirorytes.  showing  amoeboid  move    and  the  offcots  of   reaffCnts,  will  UU- 
ment.H  (Landoisj,  .  ^ 

swer,  in  the  main,  for  all  tlio  cor- 
puscular bodies  that  are  grouped  together  under  the  name  of  leueocvtes. 

Leucocytes  are  normally  found  in  the  blood,  lymph,  chyle,  semen,  colos- 
trum and  vitreous  humor.     Pathologically,  they  are  found  in  the  secretion 
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of  mucous  membranes,  following  irritation,  and  in  inflammatory  products, 
when  they  are  called  pus-corpuscles.  They  are  globular,  with  a  smooth  sur- 
face, somewhat  opaque  from  the  presence  of  more  or  less  granular  matter, 
white,  and  larger  than  the  red  corpuscles.  In  examining  the  circulation' 
under  the  microscope,  the  adhesive  character  of  the  leucocytes  as  compared 
with  the  red  corpuscles  is  readily  noted.  The  latter  circulate'  with  great 
rapidity  in  the  centre  of  the  vessels,  while  the  leucocytes  have  a  tendency  to 
adhere  to  the  sides,  moving  along  slowly,  and  occasionally  remaining  sta- 
tionary for  a  time,  until  they  are  swept  along  by  a  change  in  the  direction  or 
force  of  the  current 

The  size  of  the  leucocvtes  varies  somewhat,  even  in  any  one  fluid,  such  as 
the  blood.  Their  average  diameter  may  be  stated  as  j-^  of  an  inch  (10  ft). 
It  is  in  pus,  where  they  exist  in  greatest  abundance,  that  their  microscopical 
characters  may  be  studied  with  most  advantage.  In  this  fluid,  after  it  is 
discharged,  the  corpuscles  sometimes  present  remarkable  changes  in  form. 
They  become  polygonal  in  shape,  and  sometimes  ovoid,  occasionally  present- 
ing projections  from  their  surface,  which  give  them  a  stellate  appearance. 
These  alterations,  however,  are  only  temporary ;  and  after  twelve  to  twenty- 
four  hours,  they  resume  their  globular  shape.  On  the  addition  of  acetic  acid 
they  swell  up,  become  transparent,  with  a  delicate  outline,  and  present  in 
their  interior  one,  two,  three  or  even  four  rounded,  nuclear  bodies,  generally 
collected  in  a  mass.  This  appearance  is  produced,  though  more  slowly,  by 
the  addition  of  water.  In  some  corpuscles  a  nucleus  may  be  seen  without  the 
addition  of  any  reagent. 

Leucocytes  vary  considerably  in  their  external  characters  in  different  situ- 
ations. Sometimes  they  are  very  pale  and  almost  without  granulations, 
and  sometimes  they  are  filled  with  fatty  granules  and  are  not  rendered  clear 
by  acetic  acid.  As  a  rule,  they  increase  in  size  and  become  granular  when 
confined  in  the  tissues.  In  colostrum,  where  they  are  called  colostrum-cor- 
puscles, they  generally  undergo  this  change.  As  the  result  of  inflammatory 
action,  when  they  are  sometimes  called  inflammatory  or  exudation-corpuscles, 
leucocytes  frequently  become  much  hypertrophied  and  are  filled  with  fatty 
granules. 

The  deformation  of  the  leucocytes  to  which  allusion  has  already  been 
made  is  sometimes  so  rapid  and  changeable  as  to  produce  creeping  move- 
ments, due  to  the  projection  and  retraction  of  portions  of  their  substance. 
These  movements  are  of  the  kind  called  amcpboid  and  are  supposed  to  be 
important  in  the  process  of  migration  of  the  corpuscles. 

The  relative  number  of  leucocytes,  can  only  be  given  approximately.  It 
has  been  estimated  by  counting  under  the  microscope  the  red  corpuscles  and 
leucocytes  contained  in  a  certain  space.  The  average  proportion  in  man  is 
probably  I  to  750  or  1000.  It  has  been  found  by  Hirt,  whose  observations 
have  been  confirmed  by  others,  that  the  relative  quantity  of  leucocytes  is 
much  increased  during  digestion.  He  found,  in  one  individual,  a  proportion 
of  1  to  1800  before  breakfast ;  an  hour  after  breakfiust,  which  was  taken  at 
8  o'clock,  1  to  700;  between  11  and  1  o'clock,  1  to  1500;  after  dining,  at  1 
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o'clock,  1  to  400;  two  hours  after,  1  to  1475;  after  supper,  at  8  P-M,, 
1  to  550;  at  11^  P.  M.,  1  to  1200.     The  leucocytes  are  much  lighter  than  the 

red  corpuscles,  and  when  the  blood 
coagulates  slowly,  they  are  frequent- 
ly found,  with  a  certain  quantity  of 
colorless  fibrin,  forming  a  whitish 
layer  on  the  surface  of  the  clot. 
Their  specific  gravity  is  about  1070. 
Development  of  Leucocytes. — 
These  coq>useles  appear  in  the 
blood  -  vessels  very  early  in  fu?tal 
life^  before  the  lymphatics  can  be 
demonstrated.  They  appear  in 
lymphatics  before  these  vessels  pafis 
through  the  lymphatic  glands,  in 
the  fcetus  anterior  to  the  develop- 
ment of  the  spleen,  and  also  on  the 
surface  of  mucous  membranes;  so 
that  they  can  not  be  considered  as 
produced  exclusively  by  the  lymphatic  glandsi,  i\&  has  been  sui)i>osed.  Al- 
though they  frequently  appear  as  a  result  of  iutiammation,  this  pn^cess  is  by 
no  means  necessary  for  their  production.  Robin  has  observed  the  phenom- 
ena of  their  development  in  recent  wounds.  The  first  esnidation  consists 
of  cle^r  flui<l,  with  a  few  red  corpuscles.  There  appears  afterward,  a  finely 
granular  blastema.  In  a  quarter  of  an  hour  to  an  hour,  pale,  transparent 
globules,  -jAtt  to  ^^  of  an  inch  (3  /*  to  4  /i)  in  diameter,  make  their  ap- 
pearance, which  soon  become  finely  granular  and  present  the  ordinary 
appearance  of  leucocytes. 

Histological  researches  show  that  in  the  adult,  the  number  of  leucocytes 
in  the  lymph  is  increased  during  the  passage  of  this  fluid  through  the  lym- 
phatic glands.  The  blood,  also,  in  passing  through  the  spleen  has  been 
shown  to  gain  largely  in  these  corpuscles.  These  facts  are  important  in  con- 
nection with  the  pathology  of  leucocythfeniia.  This  disease,  which  is  char- 
acterized by  an  excess  of  leucocytes  in  the  blood,  is  now  generally  regarded 
as  having  a  close  relation  to  certain  changes  in  the  spleen,  the  lymphatic 
glands  and  the  marrow  of  the  bones.  There  is,  indeed,  a  variety  of  tlie  dis- 
ease, knov^Ti  VL&  lymphatico-splenic  leucocyth^eniia,  in  which  the  spleen  and 
certain  of  the  lymphatic  glands  are  enlarged,  and  another  form,  called 
medullo-lymphatic  leucocytha^niia,  in  which  changes  have  been  noted  in  the 
lymphatic  glands  and  in  the  marrow.  The  anatomical  changes  which  have 
been  observed  in  the  spleen,  lymphatic  glands  and  marrow,  in  leucocytljfemia, 
are  largely  hyperplastic ;  that  is,  the  normal  stnicture  of  these  parts  is 
increased  in  extent  On  the  other  hand,  a  disease  called  psendo-leucot^y- 
thsemia,  presenting  the  anatomical  characters  and  general  symptoms  of  leu- 
cocythsvmia,  without  an  increase  in  the  leucocytes  of  the  l»k>od,  has  been 
accumtely  described.     Pathological  observations,  therefore,  are  not  entirely 
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in  accord  with  the  theory  that  the  spleen,  lymphatic  glands  and  the  bone- 
marrow  are  always  directly  concerned  in  the  production  of  leucocytes. 

Taking  into  consideration  the  histological  and  pathological  observations 
bearing  on  the  question,  the  following  seems  to  be  the  most  reasonable  view 
with  regard  to  the  mode  of  development  of  leucocytes  : 

1.  In  early  foetal  life  the  leucocytes  of  the  blood  are  developed  without 
the  intervention  of  any  special  organs,  and  perhaps,  also,  these  bodies  are 
multiplied  by  division. 

2.  In  adult  life  the  same  processes  of  development  probably  occur  in  the 
blood  and  lymph  and  in  other  situations. 

3.  It  is  probable,  though  by  no  means  certain,  that  the  spleen,  lymphatic 
glands  and  the  red  marrow  of  the  bones  are  more  or  less  actively  concerned 
in  the  production  of  leucocytes,  both  under  physiological  and  pathological 
conditions ;  but  it  is  certain  that  these  organs  and  parts  are  not  the  exclusive 
seat  of  development  of  the  so-called  white  blood-cori)uscles  and  lymph-cor- 
poscles. 

Use^  of  the  Leucocytes. — It  is  impossible,  in  the  present  state  of  physi- 
ological knowledge,  to  assign  any  definite  use  to  the  leucocytes  of  the  blood 
and  lymph.  These  bodies  may  be  concerned  to  some  extent  in  the  develop- 
ment of  the  red  blood-corpuscles,  but  this  view,  which  is  held  by  many  physi- 
ologists, has  no  absolutely  positive  basis  in  fact.  All  that  can  be  said  is  that 
the  office  of  the  leucocytes  has  not  been  ascertained.  Their  action,  however, 
is  important  in  the  process  of  coagulation  of  the  blood,  lymph  and  chyle. 

Blood- Plaques. — The  so-called  blood-plaques,  described  quite  elaborately 
by  Bizzozero  and  others,  have  been  long  known  to  histologists,  under  a  vari- 
ety of  names,  such  as  globulins,  elementary  corpuscles,  granular  debris^  gran- 
ule masses,  haematoblasts  etc.  Until  within  a  few  years  these  bodies  have 
not  been  thought  to  be  of  much  importance,  and  even  now  little  is  known  of 
their  physiological  and  pathological  relations. 

The  blood-plaques  in  human  blood  may  be  easily  observed,  preparing  the 
blood  by  the  following  method  (Osier) : 

"  Upon  the  thoroughly  cleansed  finger-pad  a  single  drop  of  the  solution 
is  placed,  and  with  a  sharp  needle,  or  pricker,  the  skin  is  pierced  through 
the  drop,  so  that  the  blood  passes  at  once  into  the  fluid,  which  is  then  received 
upon  a  slide  and  covered.  The  withdrawal  of  the  corpuscles  into  the  solu- 
tion prevents  the  plaques  from  aggregating,  and  they  remain  as  isolated  and 
distinct  elements.  The  amount  of  blood  allowed  to  flow  into  tlie  drop  must 
not  be  large,  and  should  be  quickly  mixed.  In  many  respects  the  most  suit- 
able medium  is  osmic  acid,  one-half  to  one  per  cent.,  wliich  has  the  advantage 
that  by  its  use  permanent  preparations  can  be  obtained." 

The  plaques  are  thin,  circular  discs,  homogeneous  or  very  faintly  granu- 
kr  and  of  a  pale,  grayish  tint.  They  measure  jy^inr  ^^  "nrJTnj-  (1*5  to  2*5  /a) 
in  diameter,  about  one-sixth  of  the  diameter  of  the  red  blood-corpuscles. 
They  exist  in  the  blood  in  the  proportion  of  one  to  about  eigliteen  or  twenty 
red  corpuscles. 

In  the  circulating  blood,  the  plaques  are  distinct ;  but  when  the  blood  is 
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drawn  from  the  vessels,  they  adhere  together  and  are  usually  collected  into 
masses.    The  plaques  quickly  undergo  change  out  of  the  body,  becoming 


A 


6 
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Fio.  B.— Blood-plaques  and  their  deritxttiveSy  partly  after  Bizxozero  and  Laker  (Landois). 
1,  red  blood-corpuscles  on  the  flat;  2,  from  the  side:  8,  unchanged  blood-ptaques ;  4,  a  lymph-corpoade 
surrounded  with  blood-plaques  ;  5,  blood-plaques  variously  altered  :  6.  a  lymph-corpuscle  wiUi  two 
masses  of  fused  blood-plaques  and  threa<lHof  flbrin;  7,  group  of  blood-plaques  fused  (M*nm  together; 
8,  a  similar  small  mass  of  partially  dissolved  blood-plaques  with  fibrils  of  fibrin. 

ovoid,  elongated  or  pointed.    They  sometimes  send  out  processes  which  give 
them  a  stellate  appearance. 

Physiologists  have  no  knowledge  of  the  uses  of  the  blood-plaques.  The 
relations  which  have  been  supposed  to  exist  between  these  bodies  and  the 
development  of  the  other  corpuscular  elements  of  the  blood,  the  phenomena 
of  coagulation,  etc.,  are  as  yet  indefinite  and  uncertain. 

Composition  of  the  Blood-Corpuscles. 

The  red  corpuscles  of  the  blood  contain  an  organic  nitrogenized  substance, 
called  globuliue,  combined  with  inorganic  salts  and  a  coloring  matter. 
The  composition  of  the  leucocytes  has  not  been  accurately  determined,  and 
nothing  is  kno^Ti  of  the  composition  of  the  blood-})laques.  The  inorganic 
matters  contained  in  the  re<l  corpuscles  are  in  a  condition  of  intimate  union 
with  the  other  constituents,  and  can  be  separated  only  by  incineration.  It 
may  be  stated,  in  general  terms,  that  most,  if  not  all  of  the  various  inorganic 
constituents  of  the  plasma  exist  also  in  the  corpuscles,  which  latter  are  par- 
ticularly rich  in  the  salts  of  potassium.  Iron  exists  in  the  coloring  matter  of 
the  corpuscles.  In  addition,  the  corpuscles  contain  cholestcTine,  lecothine,  a 
certain  quantity  of  fatty  matter  and  j)robably  some  of  the  organic  saline 
constituents  of  the  l)lood. 

GlnhnUnp. — Rollett,  by  alternately  freezing  and  thawing  ])lood  several 
times  in  succession  in  a  platinum  vessel,  has  succeeded  in  sepaniting  the  col- 
oring matter  from  the  red  corpuscles.  When  the  blood  is  afterward  warmed 
and  liquefied,  the  fluid  is  no  longer  opaque  but  is  dark  and  transparent. 
Microscopical  examination  then  reveals  the  corpuscles,  entirely  de(*olorized 
and  floating  in  a  red,  seraitransparent  serum.     Denis  extracted  the  organic 
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constituent  of  the  corpuscles  by  adding  to  defibrinated  blood  about  one-half  its 
volume  of  a  solution  of  sodium  chloride  containing  one  part  in  ten  of  water. 
Allowing  this  to  stand  for  ten  to  fifteen  hours,  there  appears  a  viscid  mass, 
which  is  very  carefully  washed  with  water  until  all  the  coloring  matter 
and  the  salt  added  have  been  removed.  The  whitish,  translucid  mass  which 
remains  is  called  globuline.  Globuline  is  readily  extracted  from  the  blood  of 
birds  but  is  obtained  with  difficulty  from  the  blood  of  the  human  subject. 

Hmmaglobine, — This  is  the  coloring  matter  of  the  red  corpuscles.  It  has 
been  called  by  different  writers,  haemaglobulino  or  hsematocrystalline ;  but 
the  crystals  called  haematine  and  hsematosine  are  derivatives  of  haemaglobine 
and  are  not  normal  constituents  of  the  blood.  Haemaglobine  maybe* ex- 
tracted from  the  red  corpuscles  by  adding  to  them,  when  congealed,  ether, 
drop  by  drop.  A  jelly-like  mass  is  then  formed,  which  is  passed  rapidly 
through  a  cloth,  crystals  soon  appearing  in  the  liquid,  which  may  be  sepa- 
rated by  filtration  (Gautier). 

The  crystals  of  haemaglobine  extracted  from  human  blood  are  in  the  form 
either  of  four-sided  prisms,  elongated  rhomboids  or  rectangular  tablets,  of  a 
purplish-red  color.  They  are  composed  of  carbon,  hydrogen,  oxygen,  nitrogen, 
sulphur  and  a  small  quantity  of  iron.  They  are  soluble  in  water  and  in  very 
dilute  alkaline  solutions,  and  the  haemaglobine  is  precipitated  from  these 
solutions  by  potassium  ferrocyanide,  mercuric  nitrate,  chlorine  or  acetic  acid. 
The  proportion  of  this  coloring  matter  to  the  entire  mass  of  blood  is  about 
one  hundred  and  twenty-seven  parts  per  thousand.  It  constitutes  ^-f  to 
-f^  of  the  dried  corpuscles.  A  solution  of  haemaglobine  in  one  thousand 
parts,  examined  with  the  spectroscope,  gives  two  dark  bands  between  the  let- 
ters D  and  E  in  Frauenhofer's  scale. 

Treated  with  oxygen  or  prepared  in  fluids  in  contact  with  the  air,  there 
occurs  a  union  of  oxygen  with  the  coloring  matter,  forming  what  has  been 
called  oxyhaemaglobine.  There  can  be  no  dofibt  that  the  oxygen  enters 
into  an  intimate,  though  rather  unstable  combination  with  haemaglobine,  and 
this  is  an  important  point  to  be  considered  in  connection  with  the  absorption 
of  oxygen  by  the  blood  in  respiration.  A  solution  of  oxyhaemaglobine  pre- 
sents a  different  spectrum  from  that  produced  by  a  solution  of  pure  haema- 
globine. 

Composition  of  the  Blood-Plasma. 

Assuming  that  the  blood  furnishes  matters  for  the  nourishment  of  all  the 
tissues  and  organs,  there  should  be  found  entering  into  its  composition  all 
the  constituents  of  the  body  which  undergo  no  change  in  nutrition,  like 
the  inorganic  salts,  and  organic  matters  capable  of  being  converted  into  the 
organic  constituents  of  every  tissue.  Farthermore,  as  the  products  of  waste 
are  all  tiiken  up  by  the  blood  before  their  final  elimination,  these  also  should 
enter  into  its  composition. 

Most  of  the  constituents  of  the  blood  are  found  both  in  the  corpuscles 
and  plasma.  It  is  difficult  to  determine  all  of  the  different  constituents  of 
these  two  parts  of  the  blood.     It  has  been  shown,  however,  that  the  phos- 
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phorized  fats  are  more  abundant  in  the  globules,  while  the  fatty  acids  are 
more  abundant  in  the  plasma.    The  salts  of  potassium  exist  almost  entirely 

in  the  corpuscles,  and  the  sodium  salts 
are  four  times  more  abundant  in 
the  plasma  than  in  the  corpuscles 
(Schmidt).  In  addition  to  the  nutri- 
tive matters,  the  blood  contains  urea, 
cholesterine,  sodium  urate,  creatine, 
creatinine,  and  other  substances,  the 
characters  of  which  are  not  yet  fully 
determined,  belonging  to  the  class  of 
excrementitious  matters.  Their  con- 
sideration comes  more  appropriately 
under  the  head  of  excretion. 

The  following  table  gives  approxi- 
mately the  quantities  of  the  differ- 
ent constituents  of  the  blood-plasma. 
These  may  be  divided  into  the  follow- 
ing classes:  1.  Inorganic  constituents; 
2.  Organic  saline  constituents ;  3.  Or- 
ganic non - nitrogenized  constituents; 
4.  Excrementitious  constituents ;  5.  Or- 
ganic nitrogenized  constituents.  This 
table  will  be  taken  as  a  guide  for  the 
study  of  the  individual  constituents 
of  the  blood-plasma.  As  regards  gases, 
in  addition  to  carbon  dioxide,  which 
is  classed  with  the  excrementitious  con- 
stituents, the  blood  contains  oxygen,  nitrogen  and  hydrogen.  The  nitrogen 
and  hydrogen  are  not  important,  and  the  relations  of  oxygen  will  be  fully 
considered  in  connection  with  the  physiology  of  respiration.  Most  of  the 
coloring  matter  of  the  blood  exists  in  the  red  corpuscles,  which  contain  a 
peculiar  substance  that  has  already  been  considered  in  connection  with  the 
chemical  constitution  of  these  bodies. 

In  studying  the  composition  of  the  blood,  as  well  as  the  composition  of 
food,  the  tissues,  secreted  fluids  etc.,  it  is  convenient  to  divide  its  constituents 
into  classes,  and  this  has  been  done  in  the  simplest  manner  possible. 

It  is  evident,  the  blood  receiving  all  the  produots  of  disassimilation  as 
well  as  the  nutritive  matters  resulting  from  digestion,  that  there  should  be 
a  division  of  its  constituents  into  nutritive  and  excrementitious.  The  ex- 
crementitious matters  are  the  products  of  disjissimilation  of  the  organism, 
which  are  taken  up  by  the  blood  or  convoyed  to  the  blood-vessels  by  the 
lymphatics,  exist  in  the  blood  in  small  quantity,  and  are  constantly  being 
separated  from  tlie  blood  by  the  diiTerent  excreting  organs.  Their  constant 
removal  from  the  blood  is  the  explanation  of  the  minute  proportion  in  which 
they  exist  in  this  fluid. 


Fio.  9.—Cry8tallized  hcemaglobine  (Gautler). 
a,  b,  ciyiitals  from  the  venous  blood  of  man  :  c, 
blood  of  the  cat ;  </,  blood  of  the  Guinea  pifir; 
«,  blood  of  the  marmot ;  /,  blood  of  the  squir- 
reL    (Uautier.) 
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CONSTITUENTS  OF  THE  BLOOD-PLASMA. 

Specific  gravity,  1028.       • 

Water,  119  parts  per  1,000  in  the  male;  791  parts  per  1,000  in  the  female. 

Sodium  diloride,  8  to  4  parts  per  1,000. 

Potasslam  diloride,  0*859  parts  per  1,000. 

Ammoniom  chloride,  proportion  not  determined. 

Potasaiam  solphate,  0*288  parts  per  1,000. 

Sodinm  snlphstft,  proportion  not  determined. 

Potassiom  carbonate,  proportion  not  deterroined. 

Sodium  carbonate  (with  sodium  bicarbonate),  1*200  parts  per  1,000. 

Magnesium  carbonate,  proportion  not  determined. 

Calcium  phosphate  of  the  bones,  and  neutral  phosphate, 

Magnesium  phosphate, 

Potassium  phosphate. 

Ferric  phosphate  (probable), 

Basic  phosphates  and  neutral  sodium  phosphate. 

Silica,  copper,  lead,  and  magnesia,  traces  occasionally. 


1*500  parts  per  1,000. 


6 

a 

1 


Sodium  lactate,  proportion  not  determined. 

Calcium  lactate  (probable),  proportion  not  determined. 

Sodium  oleate, 


palmitatc, 
stearate, 
valerate, 
butjrate, 


n 

c 

O 


1-475  parts  per  1,000. 


Oleine, 

Palmitine, 

Stearine, 

Lccethine,  containing  nitrogen  and  called  phosphorized  fatty  matter,  0*400  parts  per  1,000. 

Glucose^  0002  parts  per  1,000. 

Glycogen,  proportion  not  determined. 

Inosite,  proportion  not  determined. 


Carbon  dioxide  in  solution. 

Urea,  01 77  parts  per  1,000,  in  arterial  blood ;  0*088,  in  the  blood  of  the  renal  vein. 

Sodium  urate,  proportion  not.  determined. 

Potassium  urate  (probable),  proportion  not  determined. 
g  Calcium  urate,  "  "  "  " 

:§  Magnesium  urate,      "  "  **  " 

Ammonium  urate,      "  "  "  " 

Sodium  sudorates,  etc.,  "  **  " 

Inosates,  •*  •'  " 

Oxalates,  "  "  »» 

Creatinme,  "  ♦*  " 

Leucine,  *♦  "  " 

Hypoxanthine,  "  "  *' 

Cholesterine,  0*465  to  0751  parts  per  1,000,  in  the  entire  blood. 

-^*    ^  T>i  o,      _    / 1  .   IX         ,  ^^^  ^  Fibrin,  ♦parts  per  1,000. 

V   f  Plasmme,  25  parts  (dncd)  per  1,000. ;  xr  ,  ,7  „,        * 

«^  »       *-        ^         /I        >         f  Metalbumen,  22  parts  per  1,000. 

S  g  J  5?erine,  53  parts  (dried)  per  1,000. 

C  £       Peptones,  4  parts  (dried)  and  28  part.«*  (racist)  per  1,000. 

•£    I  Coloring  matters  of  the  plasma,  proportion  and  characters  not  determined. 
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Excluding  for  the  present,  all  consideration  of  the  products  of  dis- 
assimilation,  there  remain  the  various  constituents  of  the  blood  that  are 
more  or  less  directly  concerned  in  nutrition. 

Physiological  chemists  recognize  certain  chemical  constituents  of  the 
organism,  which  may  be  elementary  substances,  but  which  are  more  fre- 
quently compounds.  Sodium  chloride  is  spoken  of  as  a  constituent  of 
the  blood,  because,  as  sodium  chloride,  it  gives  to  the  blood  certain  proper- 
tics.  The  chemical  elements,  chlorine  and  sodium,  are  not  regarded  as  con- 
stituents of  the  blood,  because  they  do  not  exist  uncombined  in  the  blood. 
Still,  a  chemical  constituent  may  be  a  chemical  element,  as  in  the  case  of 
oxygen,  which,  as  oxygen,  has  certain  important  uses  in  the  economy; 
although  even  oxygen  probably  is  loosely  combined  in  the  body  with  other 
matters. 

A  chemical  constituent  of  the  blood  or  of  any  of  the  animal  tissues  or 
fluids  may  be  defined  as  a  substance  extracted  from  the  body,  which  can  not 
be  subdivided  without  chemical  decomposition  and  loss  of  certain  character- 
istic properties.  This  definition  will  apply  to  all  classes  of  chemical  con- 
stituents of  the  body,  organic  as  well  as  inorganic.  The  chemical  elements 
of  which  the  constituents  are  composed  are  properly  the  ingredients  of 
the  body. 

The  constituents  of  the  blood,  and,  indeed,  of  the  entire  organism,  may 
be  classified  as  follows : 

1.  Inorganic  Constituents, — This  class  is  of  inorganic  origin,  definite 
chemical  composition  and  crystallizable.  The  substances  included  in  this 
class  are  all  introduced  from  without  and  are  all  discharged  from  the  body  in 
the  same  form  in  which  they  entered.  They  never  exist  alone,  but  are  always 
combined  with  the  organic  constituents,  and  form  a  part  of  the  organized 
fluids  or  solids.  This  union  is  so  intimate  that  they  are  taken  up  with  the 
organic  matters,  as  the  latter  are  worn  out  and  become  effete,  and  are  dis- 
charged from  the  body,  although  themselves  unchanged.  To  supply  the  place 
of  the  constituents  thus  thrown  off,  a  fresh  quantity  is  deposited  in  the  pro- 
cess of  nutrition.  They  give  to  the  various  organs  important  properties ;  and 
although  identical  with  substances  in  the  inorganic  world,  in  the  interior  of 
the  body  they  behave  as  organic  substances.  They  require  no  special  prepara- 
tion for  absorption,  but  are  soluble  and  taken  in  unchanged.  They  are  re- 
ceived into  the  body  in  about  the  same  proportion  at  all  periods  of  life,  but 
their  discharge  is  notably  diminished  in  old  age,  giving  rise  to  calcareous  in- 
crustations and  deposits  and  a  considerable  increase  in  the  calcareous  matter 
entering  into  the  composition  of  the  tissues.  Water,  sodium  chloride,  the 
carbonates,  sulphates,  phosphates  and  otlier  inorganic  salts  may  be  cited  as 
examples  of  this  class  of  constituents. 

The  uses  of  water  in  the  blood  are  sufficiently  evident.  It  acts  as  a 
solvent  for  the  inorganic  salts,  the  organic  salts  and  the  excrementitious 
matters.  In  conjunction  with  the  nitrogenized  matters,  it  constitutes  a 
medium  in  whieli  tlie  corpusvlos  are  suspended  without  solution. 

The  various  salts  enumerated  in  the  table  exist  in  solution  in  water  and  are 
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more  or  less  intimately  combined  with  the  coagnlable  organic  matters.  Of 
these,  the  sodium  chloride  is  the  most  abundant.  It  undoubtedly  has  an  im- 
portant use  in  giving  density  to  the  plasma  and  in  regulating  the  processes  of 
endosmosis  and  exosmosis.  In  connection  with  the  organic  salts  and  crystal- 
lizable  eicrementitious  matters,  it  may  be  stated,  in  general  terms,  that  the 
blood  contains  14  to  16  parts  per  1,000  of  jnatters  in  actual  solution,  of  which 
6  to  8  parts  consist  of  inorganic  salts.  The  presence  of  these  substances  in 
solution,  with  the  organic  coagulable  matters,  prevents  the  solution  of  the 
corpuscular  elements  of  the  blood.  The  presence  of  the  chlorides  and  the 
alkaline  sulphates  assists  in  dissolving  the  sulphates,  carbonates  and  the  cal- 
careous phosphates.  The  carbonates  and  phosphates  are  in  part  decomposed 
in  the  system  and  furnish  bases  for  certain  of  the  organic  salts,  such  as  the 
lactates,  urates  etc. 

2.  Organic  Saline  Constituents. — These  substances  are  in  greatest  part 
formed  in  the  organism  and  they  exist  in  the  blood  in  very  small  quantity. 
The  lactates  are  probably  produced  by  decomposition  of  a  portion  of  the 
bicarbonates  and  the  union  of  the  bases  with  lactic  acid,  the  lactic  acid 
resulting,  possibly,  from  a  change  of  a  portion  of  the  saccliarine  matter  in 
the  blood.  The  physiological  relations  of  these  substances  are  little  under- 
stood. The  salts  formed  by  the  union  of  fatty  acids  with  bases  are  probably 
produced  by  decomposition  of  fatty  matters,  a  great  part  of  which  is  de- 
rived from  the  food. 

3.  Organic  Non-nitrogenized  Constituents, — These  usually  exist  in  the 
blood  in  small  quantity  and  are  derived  mainly  from  the  food.  Lecethine, 
although  it  contains  nitrogen,  is  included  in  this  class  because  it  presents 
many  of  the  properties  of  the  fats.  It  exists  in  the  blood,  bile,  nerv- 
ous substance  and  the  yelk  of  Q^g,  Its  chemical  properties  and  physio- 
logical relations  are  not  well  understood.  The  saccharine  matters  and  glyco- 
gen are  derived  in  part  from  the  food  and  in  part  from  the  liver,  where 
glycogen  is  formed.  They  are  of  organic  origin,  definite  chemical  compo- 
sition and  crystallizable.  The  fats  and  sugars  are  distinguished  from  other 
organic  substances  by  the  fact  that  they  are  composed  of  carbon,  hydrogen 
and  oxygen.  In  the  sugars,  the  hydrogen  and  oxygen  exist  in  the  propor- 
tion to  form  water,  which  fact  has  given  them  the  name  of  carboliydrates. 
The  constituents  of  this  class  play  an  important  part  in  development  and 
nutrition.  One  of  them,  sugar,  appears  very  early  in  fcetal  life,  formed 
first  in  the  placenta  and  afterward  in  the  liver,  \Xs  formation  by  the  lat- 
ter organ  continuing  during  life.  Fat  is  a  necessary  constituent  of  food 
and  is  also  formed  in  the  interior  of  the  body.  The  exact  influence  which 
these  substances  have  on  development  and  nutrition  is  not  known  ;  but  ex- 
periments and  observation  have  shown  that  this  influence  is  importjint. 
They  will  be  considered  more  fully  in  connection  with  the  physiology  of 
nutrition. 

4.  Excrement  it  iotis  Constituents, — A  full  consideration  of  these  sub- 
stances, which  are  all  formed  by  the  process  of  disassimilation  of  the  tissues 
and  are  taken  up  by  the  blood  to  be  eliminated  by  the  proper  organs,  be- 
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longs  to  the  physiology  of  excretion.  The  relations  of  carbon  dio3dde  to  the 
system  will  be  fully  considered  in  connection  with  the  physiology  of  res- 
piration. 

5.  Organic  Xitrogenized  Constituents. — This  class  of  constituents  is  of 
organic  origin,  indefinite  chemical  composition  and  non-crystallizable.  The 
constituents  included  in  this  class  are  apparently  the  only  matters  that  are  en- 
dowed with  so-called  vital  properties,  taking  materials  for  their  regeneration 
from  the  nutritive  fluids  and  appropriating  them  to  form  part  of  their  own 
substance.  Considered  from  this  point  of  view,  they  are  different  from  any 
substances  met  with  out  of  the  living  body.  They  are  aU,  in  the  body, 
in  a  state  of  continual  change,  wearing  out  and  becoming  effete,  when  they 
are  transformed  into  excrementitious  substances.  The  process  of  repair  in 
this  instance  is  not  the  same  as  in  inorganic  substances,  which  enter  and  are 
discharged  from  the  body  without  undergoing  any  change.  The  analogous 
substances  which  exist  in  food  undergo  elaborate  preparation  by  digestion^ 
before  they  can  even  be  absorbed  by  the  blood-vessels;  and  still  another 
change  takes  place  when  they  are  appropriated  by  the  various  tissues.  They 
exist  in  all  the  solids,  semi-solids  and  fluids  of  the  body,  never  alone,  but  al- 
ways combined  with  inorganic  substances.  As  a  peculiarity  of  chemical  con- 
stitution, they  all  contain  nitrogen,  which  has  given  them  the  name  of 
nitrogenized  or  azotized  matters. 

*  Of  the  different  classes  of  constituents  of  the  blood,  it  is  at  once  apparent 
that  the  organic  nitrogenized  matters  are  more  complex  in  their  constitution, 
properties  and  uses  than  the  other  classes.  These  substances,  as  they  exist  in 
the  blood,  possess  certain  peculiar  and  characteristic  properties. 

Plasmine^  Fibrin^  Metalbumeny  Serine. — The  name  plasmine  was  given 
by  Denis  to  a  substance  which  he  extracted  from  the  blood  by  the  following 
process :  The  blood  drawn  directly  from  an  artery  or  vein  is  received  into  a 
vessel  containing  one-seventh  part  of  its  volume  of  a  concentrated  solution  of 
sodium  sulphate,  which  prevents  coagulation ;  in  a  short  time  the  corpuscles 
graWtate  to  the  bottom  of  the  vessel,  and  the  plasma  may  be  separated  by 
decantution ;  to  the  plasma  is  added  an  excess  of  pulverized  sodium  chloride, 
when  a  soft,  pulpy  substance  is  precipitated,  which  is  plasmine.  This  sub- 
stance, after  desiccation,  bears  a  proportion  of  about  twenty-five  parts  per 
thousand  of  blood.  It  is  soluble  in  ten  to  twenty  parts  of  water,  when 
a  portion  of  it  coagulates  and  may  be  removed  by  stirring  with  twigs  or  a 
bundle  of  broom-corn,  in  the  way  in  which  fibrin  is  separated  from  the  blood. 
The  fibrin  thus  separated  is  called  by  Denis  concrete  fibrin,  and  the  substance 
which  remains  in  solution,  dis.solve(l  fibrin.  Hy  most  writers  of  the  present 
day,  the  dissoUed  fibrin  of  Denis  is  called  metalbumen. 

According  to  Denis,  plasmine  is  a  proper  constituent  of  the  blood,  and 
after  extraction  l)y  the  process  just  described,  it  is  decomposed  into  concrete 
fibrin  and  dissolved  fibrin,  or  metalbumen.  Having  removed  the  concrete 
fibrin  from  the  solution  of  })lasmine,  the  metalbumen  is  coagulated  by  the 
addition  of  magnesium  sulpliate,  which  does  not  coagulate  ordiiuiry  albumen. 
The  proportion  of  dried  metalbumen  in  tlie  blood  is  about  twenty-two  parts 
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per  thousand.  The  proportion  of  dried  fibrin  is  about  three  paris  per 
thousand. 

After  the  extraction  of  plasmine  from  the  blood,  another  coagulable  sub- 
stance remains,  which  is  called  serine.  This  is  coagulated  by  heat,  the  strong 
mineral  acids  or  absolute  alcohol,  but  is  not  coagulated  by  ether,  which 
coagulates  egg-albumen.  Serine  bears  a  close  resemblance  to  ordinary  albu- 
men but  is  much  more  osmotic.  Its  proportion,  desiccated,  in  the  blood  is 
about  fifty-three  parts  per  thousand. 

Peptones  etc. — ^A  certain  quantity  of  nitrogenized  matter,  distinct  from 
the  constituents  just  described,  has  been  extracted  from  the  blood,  which  is 
analogous  to  peptone.  This  is  separated  by  coagulating  the  serum  of  the 
blood  with  hot  acetic  acid  and  filtering,  when  the  peptones  pass  through  in 
the  filtrate.  These  substances  are  probably  derived  from  the  food.  Their 
proportion  in  the  plasma  is  about  four  parts,  dried,  pei'  thousand,  or  twenty- 
eight  parts  before  desiccation. 

A  small  quantity  of  coloring  matter  exists  in  the  plasma.  If  the  corpus- 
cles be  separated  as  completely  as  possible,  the  clear  liquid  still  has  a  reddish- 
amber  color.  This  coloring  matter  has  never  been  isolated  and  studied.  It 
is  analogous  to  the  coloring  matter  of  the  red  corpuscles,  the  bile  and  the 
urine. 

In  addition  to  the  organic  nitrogenized  constituents  which  have  just  been 
described,  some  physiological  chemists  recognize  a  substance  called  para- 
globuline,  or  fibrinoplastic  matter,  and  fibrinogenic  matter.  These  are  sup- 
posed to  be  factors  of  fibrin,  which  come  together  in  the  coagulation  of  the 
blood.  They  will  be  considered  in  connection  with  the  theories  of  coagula- 
tion. The  so-called  sodium  and  potassium  albuminates  have  not  been  posi- 
tively established  as  normal  constituents  of  the  blood. 

Coagulation  of  the  Blood. 

The  blood  retains  its  fluidity  while  it  remains  in  the  vessels  and  circula- 
tion is  not  interfered  with,  and  is  then  composed  of  a  clear  plasma  holding 
corpuscles  in  suspension.  Soon  after  the  circulation  is  interrupted  or  after 
blood  is  drawn  from  the  vessels,  it  coagulates  or  "  sets  "  into  a  jelly-like  mass. 
In  a  few  hours,  contraction  will  have  taken  place,  and  a  clear,  straw-colored 
fluid  expressed,  the  blood  thus  separating  into  a  solid  portion,  the  crassa- 
mentum,  or  clot,  and  a  liquid  which  is  called  serum.  The  senim  contains 
all  the  constituents  of  the  blood  except  the  corpuscles  and  fibrin-factors, 
which  together  form  the  clot.  Coagulation  takes  place  in  the  blood  of  all 
animals,  beginning  a  variable  time  after  its  removal  from  the  vessels.  In  the 
human  subject,  when  the  blood  is  received  into  a  moderately  deep,  smooth 
vessel,  the  phenomena  of  coagulation  present  themselves  in  the  following 
order : 

First,  a  gelatinous  pellicle  forms  on  the  surface,  which  occurs  in  one 
minute  and  forty-five  seconds  to  six  minutes ;  in  two  to  seven  minutes,  a 
gelatinous  layer  has  formed  on  tlie  sides  of  the  vessel ;  and  the  whole  mass 
becomes  of  a  jelly-like  consistence,  in  seven  to  sixteen  minutes.     Contraction 
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then  begins,  and  little  drops  of  clear  serum  make  their  appearance  on  the 
surface  of  the  clot.  This  fluid  increases  in  quantity,  and  in  ten  or  twelve 
hours  separation  is  complete  (Nasse).  The  clot,  which  is  heavier,  sinks  to 
the  bottom  of  the  vessel,  unless  it  contain  bubbles  of  gas  or  the  surface  be 
very  concave.  In  most  of  the  warm-blooded  animals,  the  blood  coagulates 
more  rapidly  than  in  man.  Coagulation  is  particularly  rapid  in  blood  taken 
from  birds,  and  sometimes  it  takes  place  almost  instantaneously.  Coagulia- 
tion  is  more  rapid  in  arterial  than  in  venous  blood.  In  the  former,  the  pro- 
portion of  fibrin  formed  is  notably  greater  and  the  characters  of  the  fibrin 
are  somewhat  different.  A  solution  of  sodium  chloride  dissolves  the  fibrin 
of  venous  blood,  but  does  not  dissolve  the  fibrin  of  an  arterial  clot 

The  relative  proportions  of  the  serum  and  clot  are  very  variable,  unless 
that  portion  of  the  serum  which  is  retained  between  the  meshes  of  the  coag- 
ulated mass  be  included  in  the  estimate.  As  the  clot  is  composed  of  coi-pus- 
cles  and  fibrin,  and  as  these  in  their  moist  state  represent,  in  general  terms, 
about  one-half  of  the  blood,  it  may  be  stated  that  after  coagulation,  the 
actual  proportions  of  the  clot  and  serum  are  about  equal.  Simply  taking  the 
serum  which  separates  spontaneously,  there  is  a  large  quantity  when  the  clot 
13  densely  contracted,  and  a  very  small  quantity,  when  it  is  loose  and  soft 
Usually  the  clot  retains  about  one-fifth  of  the  serunL 

On  removing  the  clot,  after  the  separation  of  the  serum  is  complete,  it  pre- 
sents a  gelatinous  consistence,  and  is  more  or  less  firm  according  to  the  degree 
of  contraction  which  has  taken  place.  As  a  general  rule,  when  coagulation  has 
been  rapid,  the  clot  is  soft  and  but  slightly  contracted.  When,  on  the  other 
hand,  coagulation  lias  been  slow,  the  clot  contracts  for  a  long  time  and  is  much 
denser.  When  coagulation  is  slow,  the  clot  frequently  presents  what  is  known 
as  the  cupped  appearance,  having  a  concave  surface,  a  phenomenon  which  de- 
pends merely  on  the  degree  of  its  contraction.  It  also  presents  a  marked  dif- 
ference in  color  at  its  upper  portion.  The  blood  having  remained  fluid  for 
some  time,  the  red  corpuscles  settle,  by  reason  of  their  greater  weight,  leaving  a 
colorless  layer  on  the  top.  This  is  the  buffy-coat  spoken  of  by  some  authors. 
Examined  microscopically,  the  buffy-coat  presents  fibrils  of  coagulated  fibrin 
with  some  of  the  white  corpuscles  of  the  blood.  On  removing  a  clot  of  ve- 
nous blood  from  the  serum,  the  upper  surface  is  florid  from  contact  with  the 
air,  while  the  rest  of  it  is  dark ;  and  on  making  a  section,  if  coagulation  have 
not  been  too  rapid,  the  gravitation  of  the  red  corpuscles  is  apparent  If 
the  clot  be  cut  into  small  pieces,  it  will  undergo  farther  contraction  and  ex- 
press a  part  of  the  contained  serum.  If  the  clot  be  washed  under  a  stream  of 
water,  at  the  same  time  kneading  it  with  the  fingers,  nearly  all  the  red  cor- 
puscles may  be  removed,  leaving  the  meshes  of  fibrin. 

After  coagulation,  if  the  serum  be  carefully  removed,  it  is  found  to  be  a  fluid 
of  a  color  varying  between  a  light  amber  and  a  clear  red.  This  color  de- 
l>ends  upon  a  peculiar  coloring  matter  which  has  never  been  isolated.  The 
specific  gravity  of  the  serum  is  al)out  10'^8,  somewhat  less  than  that  of 
the  entire  mass  of  blood.  It  presents  all  the  constituents  of  the  plasma,  or 
liquor  sanguinis,  with   the   exception  of  the  fibrin-factors.     It  can  hardly 
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be  called  a  physiological  fluid,  as  it  is  formed  only  after  coagulation  of  the 
blood. 

Coagulation  of  the  blood  is  due  to  the  formation  of  fibrin.  Coagulation 
of  this  substance  first  causes  the  whole  mass  of  blood  to  assume  a  gelatinous 
consistence ;  and  by  reason  of  its  contractile  properties,  it  soon  expresses  the 
serum,  while  the  red  corpuscles  are  retained.  One  of  the  causes  which  oper- 
ate to  retain  the  corpuscles  in  the  clot  is  the  adhesive  matter  which  covers 
their  surface  after  they  escape  from  the  vessels. 

Conditions  which  modify  Coagulation. — Blood  flowing  slowly  from  a  small 
orifice  is  more  rapidly  coagulated  than  when  it  is  discharged  in  a  full  stream 
from  a  large  orifice.  If  it  be  received  into  a  shallow  vessel,  it  coagulates 
much  more  rapidly  than  when  received  into  a  deep  vessel.  If  the  vessel  be 
rough,  coagulation  is  more  rapid  than  if  it  be  smooth  and  polished.  If  the 
blood,  as  it  fiows,  be  received  on  a  cloth  or  a  bundle  of  twigs,  it  coagulates 
almost  instantaneously.  In  shoi*t,  it  appears  that  all  conditions  which  favor 
exposure  of  the  blood  to  the  air  hasten  its  coagulation.  The  blood  will 
coagulate  more  rapidly  in  a  vacuum  than  in  the  air. 

Coagulation  of  the  blood  is  prevented  by  rapid  freezing,  but  it  takes  place 
afterward  when  the  fiuid  is  carefully  thawed.  Between  32*'  and  140°  Fahr. 
(zero  and  60°  C),  elevation  of  temperature  increases  the  rapidity  of  coagula- 
tion. Agitation  of  the  blood  in  closed  vessels  retards,  and  in  open  vessels, 
hastens  coagulation. 

Various  chemical  substances  retard  or  prevent  coagulation.  Among  them 
may  be  mentioned  the  following:  solutions  of  potassium  or  of  sodium 
hydrate  ;  sodium  carbonate ;  ammonium  carbonate ;  potassium  carbonate ; 
ammonia;  sodium  sulphate.  In  tlie  menstrual  flow,  the  blood  is  kept 
fluid  by  mixture  with  the  abundant  secretions  of  the  vaginal  mucous  mem- 
brane. 

Coagulation  of  the  Blood  in  the  Organism. — The  blood  coagulates  in  the 
vessels  after  death,  though  less  rapidly  than  when  removed  from  the  body. 
As  a  general  proposition,  it  may  be  stated  that  this  takes  phice  between 
twelve  and  twenty-four  hours  after  circulation  lias  ceased.  Under  these 
conditions,  the  blood  is  found  chiefly  in  the  venous  system,  as  the  arte- 
ries are  usually  emptied  by  post-mortem  contraction  of  their  muscular 
coat;  but  in  the  veins,  coagulation  is  slow  and  imperfect.  Coagula  are 
found,  however,  in  the  left  side  of  the  heart  and  in  the  aorta,  but  they 
are  much  smaller  than  those  in  the  right  side  of  the  heart  and  in  the  largo 
veins.  These  coagula  present  the  general  characters  already  described. 
They  are  frequently  covered  by  a  soft,  whitish  film  and  are  dark  in  their 
interior. 

It  was  supposed  by  John  Hunter  that  coagulation  of  the  blood  did  not 
take  place  in  animals  killed  by  lightning,  or  by  prolonged  muscular  exertion, 
as  when  hunted  to  death ;  but  it  appears  from  the  observations  of  others  that 
this  view  is  not  correct.  J.  Davy  reported  a  case  of  death  by  li^jrlitniug,  in 
which  a  loose  coagulum  was  found  in  the  heart  twenty-four  hours  after.  In 
this  case  decomposition  was  very  far  advanced,  and  it  is  probable  that  the 
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coagulum  had  become  less  firm  from  that  cause.  His  observations  also  show 
that  coagulation  occurs  after  poisoning  by  hydrocyanic  acid  and  in  animals 
hunted  to  death. 

Coagulation  in  different  parts  of  the  vascular  system  is  by  no  means  un- 
usual during  life.  In  the  heart,  coagula  which  bear  evidence  of  having  existed 
for  some  time  before  death  are  sometimes  found.  These  were  called  polypi 
by  some  of  the  older  writers  and  are  often  formed  of  fibrin  almost  free  from 
red  corpuscles.  They  generally  occur  when  death  is  very  gradual  and  when 
the  circulation  continues  for  some  time  with  greatly  diminished  activity.  It 
is  probable  that  a  small  coagulum  is  first  formed,  from  which  the  corpuscles 
are  washed  away  by  the  current  of  blood ;  and  that  this  becomes  larger  by 
farther  depositions,  until  large,  vermicular  masses  of  fibrin  are  found  attached, 
in  some  instances,  to  the  chordaB  tendineaB.  Bodies  projecting  into  the  caliber 
of  a  blood-vessel  soon  become  coated  with  a  layer  of  fibrin.  Rough  concre- 
tions about  the  orifices  of  the  heart  frequently  lead  to  the  deposition  of  little 
masses  of  fibrin,  which  sometimes  become  detached  and  are  carried  to  various 
parts  of  the  circulatory  system,  as  the  lungs  or  brain,  plugging  up  one  or  more 
of  the  smaller  vessels.  Blood  generally  coagulates  when  effused  into  the 
areolar  tissue  or  into  any  of  the  cavities  of  the  body ;  although,  effused  into  the 
serous  cavities,  the  tunica  vaginalis  for  example,  it  has  been  known  to  remain 
fluid  fc»r  days  and  even  weeks,  and  coagulate  when  let  out  by  an  incision. 
Coagulation  thus  takes  place  in  the  vessels  as  the  result  of  stasis  or  of  very 
great  retardation  of  the  circulation,  and  in  the  tissue-s  or  cavities  of  the  body, 
whenever  it  is  accidentally  effused.  In  the  latter  case,  it  is  generally  removed 
in  the  course  of  time  by  absorption. 

The  property  of  the  blood  under  consideration  has  an  important  office  in 
the  arrest  of  haemorrhage.  The  effect  of  an  absence  or  great  diminution  of 
the  coagulability  of  the  circulating  fluid  is  exemplified  in  instances  of  what 
is  called  the  haemorrhagic  diathesis,  or  haemophilia;  a  condition  in  which 
slight  wounds  are  likely  to  be  followed  by  alarming,  and  it  may  be  fatal 
haemorrhage.  This  condition  of  the  blood  is  not  characterized  by  any 
peculiar  symptoms  except  the  obstinate  flow  of  blood  from  slight  wounds ; 
and  it  may  continue  for  years. 

Conditions  which  accelerate  coagulation  have  a  tendency  to  arrest  haemor- 
rhage. It  is  well  known  that  exposure  of  a  bleeding  surface  to  the  air  has 
this  effect.  The  way  in  which  the  vessel  is  divided  has  an  important  influ- 
ence. A  clean  cut  will  bleed  more  freely  than  a  ragged  laceration.  In  divis- 
ion of  large  vessels,  this  difference  is  sometimes  very  marked.  Cases  are  on 
record  in  wliicli  the  arm  has  been  torn  off  at  tlie  slioulder-joint,  and  yet  the 
hieniorrliage  was,  for  a  time,  spontaneoUvSly  arrested ;  while  it  is  well  known 
that  division  of  an  artery  of  comparatively  small  size,  if  it  be  cut  across,  would 
be  fatal  if  left  to  itself.  Under  these  conditions,  the  internal  coat  is  torn  in 
shreds  wliich  retract,  their  curled  ends  projecting  into  the  caliber  of  the  ves- 
sel and  liaving  the  same  effect  on  the  coagulation  of  blood  as  a  bundle  of 
twigs.  In  laceration  of  such  a  large  vessel  as  the  axillary  artery,  the  arrest 
can  not  be  permanent,  for  as  soon  as  the  system  recovers  from  the  shock, 
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the  contractions  of  the  heart  force  out  the  coagulated  blood  which  has  closed 
the  opening. 

From  the  foregoing  considerations,  it  is  evident  that  coagulation  of  the 
blood  has  for  its  chief  office  the  arrest  of  hsBmorrhage.  Coagulation  never 
takes  place  in  the  organism  unless  the  blood  be  in  an  abnormal  condition 
with  respect  to  circulation.  Here  its  operations  are  mainly  conservative ; 
but  as  almost  all  conservative  processes  are  sometimes  perverted,  clots  in  the 
body  may  be  productive  of  injury,  as  in  the  instances  of  cerebral  apoplexy, 
clots  in  the  heart  occurring  before  death,  the  detachment  of  emboli  etc. 

Cause  of  the  Coagulation  of  the  Blood, — Alex.  Schmidt,  in  1861,  proposed 
a  theory  of  coagulation,  which  involves  the  coming  together  of  certain  mat- 
ters called  fibrin-factors.  This  theory,  which  had  been  indicated  by  Buch- 
anan, in  1845,  has  been  adopted  and  more  or  less  modified  by  Kiihne,  Virchow 
and  others.  If  blood-plasma,  rendered  neutral  with  acetic  acid,  be  diluted 
with  ten  times  its  volume  of  water  at  32°  Fahr.  (zero  C),  and  then  be  treated 
with  a  current  of  carbon  dioxide,  a  flocculent  precipitate  is  formed,  which 
has  been  called  paraglobuline,  or  fibrinoplastic  matter.  This  substance  may 
be  dissolved  in  water  containing  air  or  oxygen  in  solution.  After  this  pre- 
cipitate has  been  separated,  if  the  clear  liquid  be  diluted  with  about  twice  its 
volume  of  ice-cold  water  and  be  treated  for  two  or  three  hours  with  a  current 
of  carbon  dioxide,  a  viscid  scum  is  produced,  which  has  been  called  fibrino- 
gen. More  recently,  a  third  principle,  a  ferment,  has  been  described  by 
Schmidt,  which  he  considers  necessary  to  the  formation  of  fibrin.  This 
ferment  is  produced  in  some  way  by  the  leucocytes  of  the  blood,  probably 
by  partial  decomposition  of  these  bodies. 

In  view  of  the  results  of  recent  investigations  with  regard  to  the  cause  of 
the  coagulation  of  the  blood,  which,  unfortunately,  are  not  as  positive  and 
definite  as  could  be  desired,  some  physiologists  have  adopted  the  following  as 
a  provisional  theory  of  the  mechanism  of  this  process  : 

There  exists,  probably  in  small  quantity  in  the  circulating  blood  and  in 
considerable  quantity  in  blood  drawn  from  the  vessels  or  arrested  in  its  cir- 
culation, a  peculiar  ferment  which  is  produced  in  some  way  by  changes  in 
the  leucocytes.  This  ferment  may  be  concerned  in  the  decomposition  of 
plasmine.  It  is  certainly  thrown  down  with  plasmine  when  plasmine  is  pre- 
cipitated by  the  action  of  reagents.  The  action  of  this  ferment  either  in- 
duces or  hastens  the  separation  of  plasmine  into  the  so-called  fibrin-factors, 
paraglobuline  and  fibrinogen.  Of  these  two  substiinces,  fibrinogen  is  the 
more  important  in  the  formation  of  fibrin,  a  smidl  quantity  of  fibrin,  only 
about  three  parts  per  thousand  of  blood,  being  formed.  A  large  quantity  of 
paraglobuline  is  not  used  in  the  formation  of  fibrin  and  remains  in  the  serum. 
It  is  possible,  indeed,  that  no  part  of  the  paraglobuline  is  concerned  in  coagu- 
lation. If  the  latter  be  time,  paraglobuline  may  be  regarded  as  identical  with 
metalbumen,  a  view  which  was  advanced  by  Robin  many  years  ago  and  is 
now  adopted  by  some  physiologists. 

Adopting  these  views,  the  mechanism  of  coagulation  may  be  succinctly 
described  as  follows : 
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1.  As  a  condition  preliminary  to  coagulation,  tliere  ia  either  an  increase 
in  the  formation  of  fibrin-ferment  or  an  appearance  of  ferment  in  the  blcKKi, 
due  to  changes  in  certain  of  tlie  leucocytes.  The  red  corpuscles  are  probably 
not  directly  concerned  in  coagulation,  and  thero  is  nothing  definite  known  of 
the  action  of  the  blood-plaques  in  this  process. 

2>  The  fibrin-ferment  unites  with  fibrinogen  and  forms  fibrin,  which  is 
the  coagulating  substance.  ParaglobuUne  (or  metalbumen)  is  little  if  at  all 
concerned  in  this  process, 

3,  The  processes  described  as  incident  to  the  coagulation  of  blood  take 
place  also  in  the  coagulation  of  IvTnph  and  chyle. 

In  ficeoixlance  with  the  views  stated  in  connection  with  the  composition 
of  blood-plasma,  paraglobuline,  or  metalbumen,  fibrinogen  and,  finally^  fibrin 
are  products  of  derjomposition,  are  abnormal  formations,  and  are  not  normal 
constituents  of  the  blood. 

It  h  possible  that  the  statement  just  given  of  the  mechanism  of  the  coagu- 
lation of  the  blood  may  be  modified  in  the  future  in  accordance  witli  the  most 
recent  views  of  Schmidt,  wiiu  claims  that  all  the  sa-called  fibrin-factors  result 
from  decomposition  of  the  leucocytes,  a  great  number  of  which,  it  is  said, 
are  dissolved  soon  after  blood  is  drawn  from  the  vessels.  There  are,  in* 
deed,  many  experimental  and  pathologicid  facts  in  support  of  this  view;  hot 
it  can  not  be  adopted  without  reserve,  until  the  ex]>eriments  of  Schmidt  shall 
have  been  supplemented  by  more  extended  observations.  Schmidt  maintains 
that  in  certain  classes  of  animals,  dissolved  red  corpusides  are  also  concerned 
in  the  production  of  fibrin-f actors. 

Leech*drawn  blood  remains  fluid  in  the  body  of  the  animaL  Richardson 
ha^  observed,  also,  that  the  blood  fiowing  from  a  leech-bite  presents  the  same 
IK?rsistcnt  fluidity,  which  explains  the  well-known  fact  that  the  insignificant 
wound  givea  rise  to  considerable  hfemorrhage. 

The  existence  of  projections  into  the  caliber  of  vessels,  or  the  passage  of 

a  fine  tlirwtd 
through  an  ar- 
tery or  vein,  will 
determine  the 
fornuition  of  a 
small  coagulum 
upon  the  foreign 
substance,  while 
tlte  circulation  is 
neither  inter- 
rupted nor  re- 
in the 
state  of 


^ 


Flo,  10  -  Ciraguiatfd  jUbrin  iKnblni 
Flbrinotw  clot,,  without  rpd  ci'>n)ii«<!lps.  and  contain  I  tij?^  l*'U(?oe>tefi,  thrown  ofT 
in  tbie  form  or  a  whitish  pfteudo-inembraue  in  a  case  of  lilceraticm  of  the 
neck  of  the  utema  wiUi  hteaiotrhji^. 


tarded. 
present 

knowledge,  ex- 
planation of  these  facts  is  difficult  if  not  impossible.  The  process,  under 
these  conditions,  can  not  be  subjected  to  direct  experiment  as  in  the  caso 
of  blood  coagulating  out  of  the  body. 
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During  coagulation,  fibrin  assumes  a  filamentous  form,  presenting,  under 
the  microscope,  the  appearance  of  rectilinear  fibrillae.  These  fibrillae 
gradually  increase  in  number,  and  as  contraction  of  the  clot  occurs,  they  be- 
come irregularly  crossed.  They  are  always  straight,  however,  and  never 
assume  the  wavy  appearance  characteristic  of  true  fibrous  tissue. 

The  blood  of  the  renal  and  hepatic  veins,  capillary  blood  and  the  blood 
which  passes  from  the  capillary  system  into  the  veins  after  death  generally 
does  not  coagulate  or  coagulates  very  imperfectly ;  in  other  words,  these  varie- 
ties of  blood  do  not  readily  form  fibrin.  The  reason  of  this  peculiarity  is  not 
known ;  but  the  fact  affords  a  partial  explanation  of  the  normal  fluidity  of 
the  blood ;  for  this  fluid,  passing  over  the  entire  course  of  the  circulation  in 
about  thirty  seconds,  seems  to  be  constantly  losing  its  coagulability  in  its  pas- 
sage through  the  liver,  kidneys  and  the  general  capillaiy  system,  as  fast  as 
its  coagulability  is  increased  in  the  other  parts.  Taking  into  consideration 
the  rapidity  of  the  circulation,  it  is  evident  that  coagulation  can  not  take 
place  while  the  normal  circulation  is  maintained  and  while  the  blood  is 
undergoing  the  constant  changes  incident  to  general  nutrition. 


CHAPTER  II. 

CIRCULATION  OF  THE  BLOOD-ACTION  OF  THE  HEART. 

DIsoovery  of  the  circulation— PhyHiological  anatomy  of  the  heart— Valves  of  the  heart— Movements  of 
the  heart — Impulse  of  the  h«art— SucceHnion  of  the  movements  of  the  heart— Force  of  the  heart— Action 
of  the  valves— Sounds  of  the  heart — Causes  of  the  sounds  of  the  heart— tVequency  of  the  heart's  action 
—Influence  of  age  and  sex- Influence  of  digestion- Influence  of  posture  and  muscular  exertion— In- 
fluence of  exercise  etc.— Influence  of  temperature — Influence  of  respiration  on  the  action  of  the  heart 
— Cause  of  the  rhythmical  contractions  of  the  heart— Accelerator  nerves— Direct  inhibition  of  the  heart 
—Reflex  inhibition  of  the  heart— Sumfimry  of  certain  causes  of  arrest  of  the  action  of  the  heart. 

Harvey  "set  forth  for  the  first  time  his  discovery  of  the  circulation," 
in  his  public  lectures  in  KJIG,  and  in  1(528  published  the  "  Exprcitatio  Ann- 
tomica  de  Motu  Cordis  et  Sayujninis  in  Animalihifs.''^  Tliis  discovery,  from 
the  isolated  facts  bearing  upon  it  which  were  observed  by  Jinatoniists  to  its 
culmination  in  the  experiments  of  Harvey,  so  fully  illustrates  the  gnidual 
development  of  most  physiological  truths,  that  it  does  not  seem  out  of  place 
to  begin  the  study  of  the  circulation  with  a  brief  sketch  of  its  history. 

The  facts  bearing  upon  the  circulation  developed  before  the  time  of 
Harvey  were  chiefly  anatomical.  The  writings  of  Hippocrates  are  very 
indefinite  upon  all  points  connected  with  the  circulatory  system  ;  and  no 
clear  and  positive  statements  are  to  be  found  in  ancient  works  before  the 
time  of  Aristotle.  The  work  of  Aristotle  most  frequently  quoted  by  physi- 
ologists is^his  "History  of  Animals; "and  in  this  occurs  a  piussage  which 
seems  to  indicate  that  he  thought  that  air  passed  from  the  lungs  to  the 
heart;  but  in  his  work,  De  Pariihus  Aniimdium,  it  is  stated  that  there  are 
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two  great  blood-vessels,  the  vena  cava  and  aorta,  arising  from  the  heart,  and 
that  the  aorta  and  its  branches  carry  blood.  Galen,  however,  demonstrated 
experimentally  the  presence  of  blood  in  the  arteries,  by  including  a  portion 
of  one  of  these  vessels  between  two  ligatures,  in  a  living  animal ;  but  his 
ideas  of  the  communication  between  the  arteries  and  veins  were  erroneous, 
for  he  believed  in  the  existence  of  small  orifices  in  the  septum  between  the 
ventricles  of  the  heart,  a  mistake  that  was  corrected  by  Vesalius,  at  about 
the  middle  of  the  sixteenth  century. 

In  1553,  Michael  Servetus,  who  is  generally  regarded  as  the  discoverer  of 
the  passage  of  the  blood  through  the  lungs,  or  the  pulmonary  circulation, 
described  in  a  work  on  theology  the  course  of  the  blood  through  the  lungs, 
from  the  right  to  the  left  side  of  the  heart.  This  description,  complete  as 
it  is,  was  merely  incidental  to  the  development  of  a  theory  with  regard  to 
the  formation  of  the  soul  and  the  development  of  what  were  called  animal 
and  vital  spirits  {spiritus), 

A  few  years  later,  Colombo,  professor  of  anatomy  at  Padua,  and  Cesal- 
pinus,  of  Pisa,  described  the  passage  of  the  blood  through  the  lungs,  though 
probably  without  any  knowledge  of  what  had  been  written  by  Servetus.  To 
Cesalpinus  is  attributed  the  first  use  of  the  expression  circulation  of  the 
blood ;  and  he  also  remarked  that  after  ligature  or  compression  of  veins,  the 
swelling  is  always  below  the  point  of  obstruction. 

The  history  of  the  discovery  of  the  valves  in  the  veins  is  quite  obscure, 
although  priority  of  observation  is  almost  universally  conceded  to  Fabricius. 
As  regards  this  point,  only  the  dates  of  published  memoirs  are  to  be  con- 
sidered, notwithstanding  the  assertion  of  Fabricius  that  he  had  seen  the 
valves  in  1574.  In  1545,  Etienne  described,  in  branches  of  the  portal  vein, 
"  valves,  which  he  called  apophyses,  and  which  he  compared  to  the  valves  of 
the  heart."  In  1551,  Amatus  Lusitanus  published  a  letter  from  Cannanus, 
in  which  it  is  stated  that  he  had  found  valves  in  certain  of  the  veins.  In 
1563,  Eustachius  published  an  account  of  the  valves  of  the  coronary  vein. 
In  1586,  a  clear  account,  by  Piccolhominus,  of  the  valves  of  the  veins  was 
published.  Fabricius  gave  the  most  accurate  descriptions  and  delineations 
of  the  valves,  and  his  first  publication  is  said  to  have  appeared  in  1603.  He 
demonstrated  the  valves  to  Harvey,  at  Padua ;  and  it  is  probable  that  this 
was  the  origin  of  the  first  speculations  by  Harvey  on  the  mechanism  of  the 
circulation. 

In  tlie  work  of  Harvey  are  described,  first  the  movements  of  the  heart, 
wliich  he  exposed  and  studied  in  living  animals.  He  described  minutely  all 
tlie  plienoinena  whieli  accompany  its  action ;  its  diiistole,  when  it  is  filled 
with  blood,  and  its  systole,  wlien  the  fibres  of  wliich  the  ventricles  are  com- 
})osod  contrac^t  simultaneously,  and  "by  an  admirable  adjustment  all  the 
internal  surfaces  are  drawn  together,  as  if  with  cords,  and  so  is  the  charge  of 
blood  expelled  with  force."  From  the  descripticm  of  the  action  of  the 
ventricles,  he  passed  to  the  auricles,  and  showed  how  these,  by  their  con- 
tniction,  filled  the  ventricles  with  blood.  By  experiments  upon  serpents  and 
fishes,  he  proved  that  the  blood  fills  the  heart  from  the  veins  and  is  sent  out 
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into  the  arteries.  Exposing  the  heart  and  great  vessels  in  these  animals,  he 
applied  a  ligature  to  the  veins,  which  had  the  effect  of  cutting  off  the  supply 
from  the  heart  so  that  it  became  pale  and  flaccid ;  and  by  removing  the 
ligature  the  blood  could  be  seen  flowing  into  the  organ.  When,  on  the 
contrary,  a  ligature  was  applied  to  the  artery,  the  heart  became  unusually 
distended,  which  continued  so  long  as  the  obstruction  remained.  When 
the  ligature  was  removed,  the  heart  soon  returned  to  its  normal  condition. 
Harvey  completed  his  description  of  the  circulation,  by  experiments  showing 
the  course  of  the  blood  in  the  arteries  and  veins  and  the  uses  of  the  valves 
of  the  veins. 

By  these  simple  experiments,  the  chain  of  evidence  establishing  the  fact 
of  the  circulation  of  the  blood  was  completed.  Truly  it  is  said  that  here 
began  an  epoch  in  the  study  of  physiology;  for  then  scientific  observers 
began  to  emancipate  themselves  from  the  ideas  of  the  ancients,  which  had 
controlled  opinion:^  for  two  centuries,  and  to  study  Nature  for  themselves  by 
means  of  experiments. 

Although  Harvey  described  so  perfectly  the  course  of  the  blood  and  left 
no  doubt  as  to  the  communication  between  the  arteries  and  veins,  it  was  left 
to  others  to  actually  see  the  blood  in  movement  and  follow  it  from  one  sys- 
tem of  vessels  to  the  other.  In  1661,  Malpighi  saw  the  blood  circulating  in 
the  vessels  of  the  lung  of  a  living  frog,  examining  it  with  magnifying  glasses ; 
and  a  little  later,  Leeuwenhoek  saw  the  circulation  in  the  wing  of  a  bat. 
These  observations  completed  the  discovery  of  the  circulation. 

In  man  and  in  the  warm-blooded  animals,  the  organism  requires  blood 
that  has  been  oxygenated  in  the  lungs,  and  to  meet  this  demand  fully,  the 
circulatory  system  is  divided  into  pulmonic  and  systemic.  The  heart  is 
double,  having  a  right  side  and  a  left  side,  which  are  entirely  distinct  from 
each  other.  The  right  heart  receives  the  blood  as  it  is  brought  from  the  gen- 
eral system  by  the  veins  and  sends  it  to  the  lungs ;  the  left  heart  receives  the 
blood  from  the  lungs  and  sends  it  to  the  general  system.  It  must  be  borne  in 
mind,  however,  that  although  the  two  sides  of  the  heart  are  distinct  from 
each  other,  their  action  is  simultaneous ;  and  in  studying  the  motions  of  the 
heart,  it  will  be  found  that  the  blood  is  sent  simultaneously  from  the  right 
side  to  the  lungs  and  from  the  left  side  to  the  system.  It  will  not  be  neces- 
sar\%  therefore,  to  separate  the  two  circulations  in  the  study  of  their  mechan- 
ism ;  for  the  simultaneous  action  of  both  sides  of  the  heart  renders  it  possi- 
ble to  study  its  action  as  a  single  organ,  and  the  constitution  and  operations 
of  the  two  kinds  of  vessels  do  not  present  any  material  differences. 

For  convenience  of  study,  the  circulatory  system  may  be  divided  into 
heart  and  vessels,  the  latter  being  of  three  kinds :  the  arteries,  which  carry 
blood  from  the  heart  to  the  general  system ;  the  capillaries,  which  distribute 
the  blood  more  or  less  abundantly  in  different  parts  of  the  general  system ; 
and  the  veins,  which  return  the  blood  from  the  general  system  to  the  heart. 
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Physiological  Anatomy  of  the  Heart. 

The  heart  of  the  human  subject  is  a  pear-shaped,  muscular  organ,  situ- 
ated in  tlie  thoracic  cavity,  with  its  base  in  the  median  line  and  its  apex  at 
the  fifth  intercostal  space,  three  inches  (7*6  centimetres)  to  the  left  of  the 
median  line,  or  one  inch  (2-5  centimetres)  within  the  line  of  the  left  nipple. 

Itfi  weight  is  eight  to 
ten  ounces  (227  to  283 
grammes)  in  the  female, 
and  ten  to  twelve  ounces 
(283  to  340  grammes) 
in  the  male.  It  has 
four  distinct  cavities ;  a 
right  and  a  left  auricle, 
and  a  right  and  a  left 
ventricle.  Of  these, 
the  ventricles  are  the 
more  capacious.  The 
heart  is  held  in  place 
by  the  attachment  of 
the  great  vessels  to  the 
posterior  wall  of  the 
thorax;  while  the  apex 
is  free  and  capable  of 
a  certain  degree  of  mo- 
tion. The  whole  organ 
is  enveloped  in  a  fibrous 
sac  called  the  pericar- 
dium. This  sac  is  lined  by  a  serous  membrane,  which  is  attached  to  the 
great  vessels  at  the  base  and  reflected  over  its  surface.  The  membrane  is 
lubricated  by  about  a  drachm  (3*7  c.  c.)  of  fluid,  so  that  the  movements  of 
the  heart  are  normally  accomplished  without  any  friction.  The  serous  peri- 
cardium does  not  present  any  differences  from  serous  membranes  in  other 
situations.  The  cavities  of  the  heart  are  lined  by  a  smooth  membrane  called 
the  endocardium,  which  is  continuous  with  the  lining  membrane  of  the 
blood-vessels. 

Tlie  riglit  auricle  receives  the  blood  from  the  venje  cavae  and  empties  it 
into  tlio  riglit  ventricle.  The  auricle  presents  a  principal  cavity,  or  sinus,  as 
it  is  called,  with  a  little  appendix,  called,  from  its  resemblance  to  the  ear  of 
a  dog,  the  auricular  ap])en(lix.  It  has  two  large  openings  for  the  vena  cava 
asceiidcns  and  the  vena  cava  des(»endens  respectively,  with  a  small  opening 
for  the  coronary  vein  which  brings  the  blood  from  the  substance  of  the  heart 
itself.  It  has,  also,  another  large  opening,  called  the  auriculo-ventrieular 
o])ening,  by  which  the  blood  flows  into  the  ventricle.  The  walls  of  this  cav- 
ity are  (piite  thin  as  compared  with  the  ventricles,  nietisuring  about  one  line 
("i'l  mm.).     They  are  composed  of  muscular  fibres  arranged  in  two  layers. 


Fio.  n.— Heart  in  »itu  (Dalton,  in  Flint,  "on  the  heart"), 
a,  b,  c  etc.,  ribs :  1,  2,  3  etc.,  interccwtal  Rpaees :  vertical  line,  nie<lian 
line:  triangle,  superficial  cardiac  region ;  x  on  the  fourth  rib, 
nipple. 
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Fia.  13.-Cb»irw»  of  the  mwitular  Jtbrtm  of  the  left 


oit^  of  which,  the  external,  is  common  to  both  aurit^les,  and  the  other^  the 
inU!rnjil,  is  proper  to  euch.  Thesis  muscular  fibres,  althougli  involuntary  in 
their  action,  Ix'long  to  the  striated  variety,  and  are  siniihir  in  strueturo  to  the 
6bres  of  the  ventriclt^»  The  fibres  of  the  auricles  are  much  fewer  than  those 
of  the  ventricles.  Some  of  them  are 
lorjped,  arij^ng  from  a  cartilaginous 
ring  whieh  ^eparales  the  auricles  and 
n?nirielesj  and  passing  over  the  auri- 
cles; and  others  are  circular*  sur- 
rounding the  auricuhir  appendages 
and  the  openings  of  the  veins,  ex- 
tending, also,  a  short  distance  along 
the  course  of  these  veasek.  One  or 
two  valvular  folds  arc*  found  at  the 
orifice  of  the  coronary  vein,  prevent- 
ing a  reflux  of  bUx»d,  but  there  are  no  vnlvc*^  at  the  orifices  of  the  vensB  cavie. 
The  left  aui-icle  receives  the  blood  which  comes  froui  the  lungs  by  the 

pu Imonary  veing.  It  docs 
not  dilTer  materiHlly  in  its 
anatomy  from  the  right. 
It  is  a  littJe  amulier,  and 
it^  walls  are  thicker, 
measuring  about  a  line 
and  a  half  (:M5  mm.). 
It  has  four  0}>enings  by 
whieh  it  receives  the 
blood  from  the  four  pul- 
monary veins.  These 
openings  are  not  provid- 
ed with  valves.  Like  the 
riglit  auricle^  it  htis  a 
large  opening  by  which 
blood  flows  into  the  cor- 
responding venincle.  The 
arningement  of  the  mus- 
cular fibres  is  essentially 
the  s»mie  as  in  tbe  right 
auricle.  In  adult  life,  the 
cavities  of  the  auricles  are 
entirely  distinct  from  ciudi 
other.  Hcf  nre  birt  h,  t  bf\v 
communicate  by  a  large* 
opening,  the  foramen 
ovale,  and  the  orifice  of 
the  inferior  vena  cava  is 
provided   with    a    mem- 
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branoua  fold,  the  EustA^hian  valve,  which  serves  to  direct  the  blood  from  the 
lowor  part  of  the  body  through  the  opeBing  into  the  left  auriele.  After 
birth,  the  foramen  ovale  is  closed  and  the  Eustaehian  valve  graduallj  disap- 
pears. 

The  ventrieles,  in  the  human  sutijeet  and  in  warm-blooded  animals,  con- 
stitute the  bulk  of  the  heart.  They  have  a  eapac*ity  somewlmt  greater  than 
that  of  the  auricles  and  are  provided  with  thick,  mu.seular  walls.  It  is  by 
the  powerful  action  of  this  portion  of  the  heart  that  the  bloo^i  is  forced,  on 

the  one  hand^  to  the  lungs  and 
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back  to  the  left  sitle  of  the  heart, 
and  on  the  other,  through  the  en* 
tire  system  of  the  greater  circula- 
tion, to  the  right  side. 

The  capacity  of  the  caiities  on 
the  right  aide  of  the  heart  is  one- 
tenth  to  one-eighth  greater  than 
tliat  of  the  corresponding  cavities 
on  the  left  side.  The  capacity  of 
the  ventricles  exceeds  that  of  tlie 
anriclessi  by  one»fourth  to  one-tliird. 
The  absolute  capacity  of  the  left 
ventricle,  when  distended  to  its 
utmost  (Robin  and  Hiffelsheim), 
is  4*8  to  7  ounces  (143  to  2lilc,  e*)* 
This  is  much  greater  than  most 
estimates,  which  pla^^e  the  capacity 
of  each  of  tlie  various  cavitie8| 
moderately  distended,  at  about  two 
ounces  (59*1  c.  c.) ;  but  the  ob- 
servations  of  Robin  and  Hiffel- 
sheim,  upon  the  human  heart, 
were  made  e>idently  with  the 
'^^^sj,— *-"^  greatest   accuracy,   either    before 

Fio,  u.-upa^Htie0  of  the  h^rtCB^tmmyikXidBeaii,)   cadaveric   rimditv  had  set  in   or 

J»  w/f  v^ntrirtdar  rvjvity :  2,  mitral  tviff*  ;  K  4,  a*lum*  *     i       i    j  -         * 

?tCF  tamnr  ;  6.  nartie  niycninp :  rt,  ftnrtft  ;  7,  8.  »,     after  it  had  disappeared. 
fttfrfir  rajrrs:  10   n'izht  ventricii Iju  cavity  I  11,  in-  , 

rsotwithstanding  the  disparity 
:V  i>]^niii|?»oJ  in  the  extreme  capiK-ity  of  the  va- 
rious cavities,  the  quantity  of  blood 
which  enters  these  cavities  is  neoessarily  equal  to  that  which  is  expelled. 
This  has  been  stated  to  be  a  little  more  than  two  ounces  (about  GO  c.c.)* 
There  are,  however,  no  means  of  estimating  with  exactness  the  quantity  of 
blood  discharged  with  each  ventricular  contmction;  and  the  question  seems 
to  be  rather  avoided  in  many  works  on  physiology.  Judging,  however,  from 
observations  on  the  heart  ihiring  its  action,  it  never  seems  to  contain  much 
more  than  half  the  quantity  in  all  its  cavities  that  it  does  when  fully  dis- 
tended by  injection ;  but  the  right  cavities  are  more  dilatable  than  the  left, 
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and  probably  the  ordinary  quantity  of  blood  in  the  left  ventricle  ia  four- 
fifths  to  live-aixths  of  ite  extreme  capacity,  or  five  to  six  ounces  (120  to 
170  e.a). 

The  cavities  of  the  ventricles  are  triangular  or  conoidal,  the  right  being 
broader  and  shorter  than  the  left,  which  latter  extends  U)  the  apex.  The 
inner  surface  of  both  cavities  is  marked  by  ridges  and  papillw,  which 
are  called  cohiranEe  eame-se.  Some  of  these  are  Heshy  ridges  projecting 
into  the  cavity;  others  are  colunms  attached  by  e«ch  extremity  and  free  at 
the  central  jwrtion;  and  others  are  papilla  giving  origin  to  the  chordi^ 
t«!ndinefe,  which  are  attached  to  the  free  edges  of  the  auriculo-ventricular 
valves.  These  fle«hy  columns  interlat^'e  in  every  direction  and  give  the  inner 
surfac^e  of  the  cavities  a  reticulated  aiipearance.  This  arrangement  facilitate 
the  complete  emptying  of  the  ventricles  during  their  contraction. 

The  walk  of  the  left  ventricle  ai'e  uniformly  much  thicker  than  those  of 
the  right  side.  The  avei*age  thick- 
nests  of  the  right  ventricle  at  the  gia 
base  is  two  and  a  half  lineal  (5-25 
mm.),  and  the  thickue^a  of  the 
left  ventricle  at  the  correi^jionding 
part  i«  seven  lines  (14- 7  mm.),  or 
a  little  more  than  hall  an  inch 
(Bnuillaud). 

The  arrangement  of  the  mus- 
cukrfibrefi  conatituting  the  walls 
of  the  ventricles  if  more  regular 
than  in  the  auricles,  and  their 
GouRte  affords  an  explanation  of 
9ome  of  the  phenomena  which 
a(?eompany  the  heart's  action. 
The  direction  of  the  fibres  can 
mit  be  well  made  out  unless  the 
heart  have  been  boiled  for  a  num- 
Ikt  of  hours,  wlicu  part  of  the 
intermuscular  tissue  is  dissolved 
out^  and  the  fibres  can  be  easily 
separated  and  followed.  Without 
entering  into  a  minute  descrip- 
tion of  their  direction,  it  is  suffi- 
cient to  st'ite,  in  this  connection, 
tliat  tht*v  present  tw^o  principal 
layens;  a  superficial  layer  com* 
mon  in  both  ventricles,  and  a 
deep  layer  proper  to  each  ventri- 
cJe,  The  suj)erficial  fibres  pass 
obliquely  from  right  to  left  from  the  base  to  the  apex;  here  they  take  a 
apiral  course,  become  deep,  and  pass  into  the  interior  of  the  organ,  to  form 
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the  coluninie  carneae.  These  fibres  envelop  both  ventricles.  They  may  be 
said  to  arise  from  cartilaginous  rings  which  sun-ound  the  aimeulo-ventrieuhir 
orifices*  The  external  surface  of  the  heart  is  marked  by  a  little  groove  which 
indicates  the  division  l>etween  the  two  ventricles.  The  deep  fibres  are  circu- 
lar, or  traui^verse^  and  surround  each  ventricle  sepamtely. 

The  muscular  tissue  of  tlie  heart  is  of  a  deep-red  color  and  resembles,  in 
its  gross  characters,  the  tissue  of  ordinary  voluntary  muscles ;  but  as  alreiidy 

intimated,  it  prej?ent^  certjiin  pe- 
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c'uliaritie-s  in  its  minute  anatomv- 
The  fibres  are  considerably  small- 
er and  more  granular  than  those 
of  ordinary  muscles.  They  are^ 
moreover,  connected  with  each 
other  by  short,  inosculating 
liraiiches.  (See  Fig.  17.)  The 
niiiiicular  fibres  of  the  heart  have 
no  sarcoierania.  These  j>eculiari- 
ties,  particularly  the  inosculation 
of  the  fibres,  favor  tlie  contrac- 
tion of  the  ventricular  walls  in 
every  direction  and  the  complete 
expulsion  of  the  contents  of  the 
cavities  with  each  systole^ 

The  distribution  of  the  nerves 
to  the  heart  and  the  arrangement 
of  the  gtuiglia  and  nerve- termi- 
nations in  its  substance  will  be 
described  in  connection  witli  the 
influence  of  the  nervouK  system 
upon  the  circulation. 

Each  ventricle  has  two  ori- 
fices;  one  by  wliich  it   receives 
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the  other  by  which  the  bbxHl 
passes  from  the  right  side  to  the  lun^  and  from  the  left  side  to  tlie  general 
system.  All  of  these  ojxniings  are  providtni  with  valves,  wliich  are  so  ar- 
ranged as  to  allow  the  blood  to  pas**  in  but  one  directifm. 

Tricuspid  Valve, — This  valve  is  situate  at  the  right  auriculo- ventricular 
opening.  It  has  three  curtains,  formed  of  a  thin  but  resisting  membrane, 
which  are  attached  around  the  oj>ening.  The  free  boniers  are  attached  to 
the  chorda^  tendinese,  some  of  which  arise  from  the  papill«e  on  the  inner  sur- 
face of  the  ventricle,  and  others,  directly  from  the  walls  of  the  ventricle. 
When  the  organ  is  empty,  these  curtains  are  applied  to  the  walls  of  the 
ventricle,  leaving  the  auriculo- ventricular  opening  free;  but  when  the  ventri- 
cle is  completely  filled  and  the  fibres  contract,  they  are  forced  up,  their  free 
edges  become  ap]>lied  to  each  other,  and  the  opening  is  closed. 
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PnlmoHie  rr/irPi**— These  valves,  also  called  the  seinilwnar,  or  sigmoid 
Tiilves  of  the  riglit  side,  are  situated  at  the  oritiee  of  the  pnhnouary  artery. 
Tliey  are  elrong^  mem bniuoiis  pouches,  with  their  convex- 
ititis,  when  iilosed,  looking  t43ward  the  ventricle.  They  are 
att4U*he<l  around  the  orifice  of  the  pulmonary  ai^tery  and 
are  up[>lied  very  nearly  to  the  walk  of  the  vessel  when  the 
bloo«l  jiasi^^  in  from  the  ventricle;  but  at  other  times 
their  free  edges  meet  in  the  centre,  opposing  the  regurgi- 
tation of  bhj*jd.  At  the  centre  of  tlie  free  edge  of  e-atdi 
valve  ij*  a  little  eorpiisele  called  the  coi-piisele  of  Arantins; 
and  just  above  the  margins  of  attachment  of  the  valvcj^, 
the  artery  presents  three  little  dilatations,  or  sinuses,  culled 
the  sinuiH?s  of  VuUalva*  The  corpUHcleii  of  A  ran  tins  prob- 
ably aid  in  the  aibtptation  uf  the  valves  to  eac^h  other  and 
in  the  efft*ctual  closure  nf  the  orifice. 

Mitral  Valve. — ^This  valve,  sometimes  called  the  bicus- 
pid, is  situated  at  the  left  auricuio-ventriculrtr  orifice.  It  is  called  mitral 
from  Its  resembhmce,  when  open,  to  a  bishop's  mitre.  It  is  attaclied  to  the 
edgiNf  uf  the  auriculo- ventricular  opening,  and  it«  free  borders  are  held  in 

place^  when  close<U  by 
the  chordte  tendinca?  of 
the  left  side.  It  prescntiJ 
no  material  difference 
from  the  tricuspid  vtilve, 
with  the  exception  that  it 
is  divideil  into  two  cur- 
tains instead  of  three. 

A  or  tie  Ftf /i*e*.— The^ 
valves,  also  called  the  sem- 
ilunar, or  sigmoid  valves 
of  tile  left  sidi',  present 
no  difference  from  the 
valves  at  tlie  orifice  of 
tlie  pulmonary  artery, 
hy  They  are  situated  at  the 
, K  M^ um^iUiH  H Mvs      '"^* *  aortic  orifice. 
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Movements  of  the  Ueaut. 

The  dilatiition  of  the  cavities  of  the  heart  is  called  the  diastole,  and  the 
eontrai.*tion  of  the  heart,  the  systole.  When  these  terms  are  use<l  without  any 
qualification,  they  are  understood  as  referring  to  the  ventricles;  but  they  are 
alsu  applied  to  the  action  of  the  auricles,  as  the  auricular  diastole  and  systole, 
which  are  distinct  from  the  action  of  the  ventricles. 

A  complete  revolutitm  of  the  heari  consists  in  tl)e  filling  and  emptying  of 
all  iU  cavities,  during  which  they  present  an  altenmtiun  uf  repose  and  activity. 
As  tlit^  phenomena  occupy,  in  many  warm-blooded  animals,  a  period  of  time 
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less  than  one  second,  it  will  be  appreciated  that  the  most  careful  study  is  ne- 
cessary in  order  to  as^i^ertain  their  exact  relations  to  each  other.  When  the 
heart  is  exposed  in  a  hving  animal,  the  most  prominent  phenomenon  is  the 
alternate  contraction  and  relaxation  of  the  ventricles  ;  hat  this  is  only  one  of 
the  operations  of  the  organ.  In  all  the  mammalia,  the  anatomy  and  action  of 
the  vascular  system  are  practically  the  same  as  in  the  Imman  subject ;  and 
although  the  exposure  of  the  heart  by  opening  the  chest  modifies  somewhat 
the  force  and  fref|uency  of  iti?  pulsations,  the  viirious  phenomena  follow  each 
other  in  their  natural  order  and  pre^nt  essentially  their  normal  cha^act^e^8, 
Having  opened  the  chest,  keeping  up  artificial  respiration,  the  heart,  en- 
veloped in  its  pericardium^  is  observed,  contracting  regularly ;  and  on  slitting 
up  and  removing  thig  covering,  the  various  part^  are  completely  exposed. 
The  right  ventricle  and  auricle  and  a  portion  of  the  left  ventricle  can  be 
seen  without  disturbing  the  position  of  the  parts ;  but  the  greater  part  of  the 
left  auricle  is  concealed.  As  both  auricles  and  ventricles  at»t  together,  the 
part^  of  the  heart  which  are  exposed  are  sufficient  for  purposes  of  study. 

Action  of  the  Auricles, — Except  the  short  time  occupied  in  the  contrac- 
tion of  the  auricles^  these  cavities  are  continually  receiving  blood,  on  the  right 
side  from  the  general  system,  by  the  ven®  cav*,  and  on  the  left  side  from  the 
lungs,  by  the  pnimonary  veins.  This  continues  until  the  ca\ities  of  the  au- 
ricles are  completely  filled,  the  blood  coming  in  by  a  steady  current ;  and 
during  the  repose  of  the  heart,  the  blood  is  also  flowing  through  tlie  auriculo- 
ventricular  orifices  into  the  ventricles.  When  the  auricles  have  become  fully 
distended,  they  contract  quickly  and  with  considerable  power  (the  auricular 
systole),  and  force  the  blood  into  the  ventricle^s  producing  complete  diastole 
of  the:^  cavities.  During  this  contraction,  the  blf>od  not  only  ceases  to  flow 
in  from  the  veirm,  but  some  of  it  ie  regurgitated,  as  the  orifices  by  which  tlie 
vessels  open  into  the  auricles  are  not  provide*!  with  valves.  The  size  of  the 
auriculo- ventricular  orifices  is  one  reason  why  the  greater  portion  of  tlie  blood 
is  made  to  pass  into  the  ventricles ;  and  farthermore,  during  the  auricular 
systole,  the  muscular  fibres  wluch  are  arranged  around  the  orifices  of  the 
veins  constrict  them  to  a  certain  extent,  which  tends  t-o  diminiish  the  reflux 
of  blood.  There  c^n  be  no  doubt  that  some  regurgitation  takes  place  from 
the  auricles  into  the  veins,  but  this  prevents  the  possibility  of  over-distention 
of  the  ventricles. 

It  has  been  shown  that  the  systole  of  the  auricles  is  not  immediately  neces- 
sary to  the  pei-formanee  of  the  circuktion ;  and  the  contractility  of  the  auri- 
cles may  be  tem|K>rarily  exhausted  by  repeated  and  prolonged  stimulation, 
the  ventricles  continuing  to  act,  keeping  up  the  circulation  of  blood. 

Action  of  the  Ventnctes, — Immediately  following  the  contraction  of  the 
auricles,  by  which  the  ventricles  are  completely  distended,  there  is  contrac* 
tion  of  the  ventricles,  This  is  the  chief  active  oi>eration  performed  by  the 
heart  and  is  generally  spoken  of  as  the  systole.  The  contraction  of  the  ven- 
tricles is  very  much  more  powerful  than  that  of  the  auricles.  By  their  ac- 
tion, the  blood  is  forceti  from  the  right  side  to  the  lungs,  by  the  pulmonar)' 
artery,  and  from  theleft  aide  to  the  general  system,  by  the  aorta.     Regurgita- 
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tion  into  the  auricles  is  prevented  by  the  closure  of  the  tricuspid  and  mitral 
valves.  This  act  accomplished,  the  heart  has  a  period  of  repose,  the  blood 
flowing  into  the  auricles,  and  from  them  into  the  ventricles,  until  the  auricles 
are  filled  and  another  contraction  takes  place. 

Locomotion  of  the  Heart. — The  position  of  the  heart  after  death  or  during 
the  repose  of  the  organ  is  with  its  base  directed  slightly  to  the  right  and  its 
apex  to  the  left  side  of  the  body.  With  each  ventricular  systole,  the  apex 
is  sent  forward  and  is  moved  slightly  from  left  to  right.  The  movement 
from  left  to  right  is  a  necessary  consequence  of  the  course  of  the  superficial 
fibres.  The  fibres  on  the  anterior  surface  of  the  organ  are  longer  than  those 
on  the  posterior  surface,  and  pass  from  the  base,  which  is  comparatively  fixed, 
to  the  apex,  which  is  immovable.  As  a  consequence  of  this  anatomical  ar- 
rangement, the  heart  is  moved  upward  and  forward  during  its  systole.  The 
course  of  the  fibres  from  the  base  to  the  apex  is  from  right  to  left ;  and  as 
they  shorten,  the  apex  is  of  necessity  slightly  moved  from  left  to  right. 

The  locomotion  of  the  heart  takes  place  in  the  direction  of  its  axis  and  is 
due  to  the  sudden  distention  of  the  great  vessels  at  its  base.  These  vessels 
are  elastic,  and  as  they  receive  the  charge  of  blood  from  the  ventricles,  they 
become  enlarged  in  every  direction  and  consequently  project  the  entire  organ 
against  the  walls  of  the  chest.  This  movement  is  aided  by  the  recoil  of  the 
ventricles  as  they  discharge  their  contents. 

Ttoisting  of  the  Heart, — The  spiral  course  of  the  superficial  fibres  involves 
another  phenomenon  accompanying  its  contraction ;  namely,  twisting.  By 
attentively  watching  the  apex,  especially  when  the  action  of  the  heart  is 
slow,  there  is  observed  a  palpable  twisting  of  the  point  upon  itself  from  left 
to  right  with  the  systole,  and  an  untwisting  with  the  diastole. 

Hardening  of  the  Heart, — If  the  heart  of  a  living  animal  be  grasped  by 
the  hand,  it  will  be  observed  that  at  each  systole  it  becomes  hardened.  The 
fact  that  it  is  composed  almost  exclusively  of  fibres. resembling  very  closely 
those  of  the  voluntary  muscles,  explains  this  phenomonen.  Like  any  other 
muscle,  it  is  sensibly  hardened  during  contraction. 

Shortening  of  the  Ventricles. — The  point  of  the  heart  is  protruded  during 
the  ventricular  systole,  but  this  protrusion  is  not  due  to  elongation  of  the  ven- 
tricles. By  suddenly  cutting  the  heart  out  of  a  warm-blooded  animal  and 
watching  the  phenomena  which  accompany  the  few  regular  movements  which 
follow,  it  is  seen  that  the  ventricles  invariably  shorten  as  they  contract.  This 
can  easily  be  appreciated  by  the  eye,  but  more  readily  if  the  point  of  the  or- 
gan be  brought  just  in  contact  with  a  plane  surface  at  a  right  angle,  when,  at 
each  contraction,  it  is  unmistakably  observed  to  recede.  During  the  inter- 
vals of  contraction,  the  great  vessels,  particularly  the  aorta  and  pulmonary  ar- 
tery, which  attach  the  base  of  the  heart  to  the  posterior  wall  of  the  thomx, 
are  filled  but  not  distended  with  blood ;  at  each  systole,  however,  these  ves- 
sels are  distended  to  their  utmost  capacity ;  their  elastic  coat^s  admit  of  con- 
siderable enlargement,  as  can  be  seen  in  the  living  animal,  and  this  enlarge- 
ment, taking  place  in  every  direction,  pushes  the  whole  organ  forward.  It  is 
for  this  reason  that,  in  observing  the  heart  in  situ,  the  ventricles  seem  to  elon- 
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gata   It  h  only  when  the  hc^rt  is  firmly  fixed  or  is  contranting  after  it  has  beuii 
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the  ventricles  can  be  appreciated.  During 
the  systole,  the  ventricles  are  shortened  and 
are  narrowefl  in  their  transverse  diameter, 
but  their  autem-puBtorior  diameter  i^  slight- 
ly increased. 

In  addition  to  tht;  marked  changes  in 
fornix  pisition  etc.,  which  tiie  heart  under- 
goeii  during  itjs  action,  on  careful  examina- 
tion it  is  seen  that  the  surface  of  the  ventri- 
clci?  becomes  marked  with  alight,  longitudinal 
ridges  during  the  systole. 

Impulse  of  the  Heart* — Each  movement 
of  the  heart  produces  an  impulse,  which  caii 
be  readily  felt  and  sometimes  seen  in  the 
fifth  intercostal  space  a  little  to  the  right  of  the  perpendicular  line  of  the  left 
nipple.  This  impulse  u  synchronous  with  the  contraction  of  the  ventriclee. 
If  the  hanil  he  iutn>dueed  into  the  chest  of  a  living  animal  and  the  finger  Ije 
pla^^ed  between  the  point  of  the  heart  and  the  walla  of  the  thomx,  every  time 
that  tliere  is  a  hardening  of  the 
point,  the  finger  will  be  pressed 
against  the  side.  If  the  impulse  of 
the  heart  be  felt  w*hile  the  finger  is 
on  the  pulse,  it  is  evident  that  the 
heart  strikes  against  the  tliorax  at 
the  time  of  the  distention  of  the  ar- 
terial system.  The  impulse  is  due 
tu  the  lot *o motion  of  the  ventricles. 
In  the  words  of  Harvey,  "the  heart 
is  erected,  and  rises  upward  to  a 
point  so  that  at  this  time  it  strikes 
against  the  breast  and  the  pulse  \b 
felt  externally/* 

Suc^^ssiofi  of  the  Movements  of 
the  Ifmrt.^^The  main  points  in  the 
succession  of  the  movements  of  the 
heart  are  readily  observed  in  cold* 
blood eil  animals,  in  which  the  j)ul- 
sations  are  very  slow.  In  examining 
the  heart  of  the  frog,  turtle  or  alli- 
gator, the  alternations  of  repose  and 
actinty  are  very  strongly  marked. 
During  the  intervals  of  contraction,  the  whole  he^irt  is  flaccid  and  the  ven- 
tricle is  comparatively  pale;  the  auricles  then  slowly  fill  with  blood;  when 
they  have  bec^ome  fully  distended,  they  contract  and  fill  the  ventricle,  which 
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in  Uieee  animals  is  Bingb;  the  ventricle  immediately  contracts,  its  action 
following  upon  the  conti-aetion  of  the  auricles  as  if  it  were  propagated  from 
them.  When  the  heart  is  fille<l  witli  hlood,  it  has  a  dark-red  color,  which 
contnists;  strongly  with  it^  appearance  afU»r  the  evBtole.  The.se  jihenomena 
may  occupy  ten  to  twenty  seconds,  giving  hh  ahundance  of  time  for  ob- 
i^^rvation.  The  case  is.  different,  however,  witli  tlie  warm-blooded  animaK 
in  which  the  anatomy  of  the  hejirt  is  nem*ly  the  siirne  m  in  num.  Here  a 
normal  revolution  may  occupy  less  than  a  second ;  and  it  is  evident  that  the 
varied  phenomena  just  mentioned  are  followed  with  more  difticulty.  In  spite 
of  this  rapidity  of  jiction,  it  can  be  seen  that  a  mpid  contraction  of  the  auri- 
cles precedes  the  ventricular  sj^stale,  and  that  the  latter  is  synchronous  with 
tJie  cardiac  impulse. 

The  experiments  of  Marey,  with  reference  to  the  relations  between  tlic 
sy^iole  of  the  auricles*  the  systole  of  the  ventricleg  and  the  impulse  of  the 
hr^tU  were  performed  ufMin  lu^rses,  in  the  following  way : 

A  stiund  lA  introduced  into  the  right  side  of  the  heart  through  the  jugii- 
lar  vein*  This  sound  is  provided  with  two  initial  bags,  one  of  whicli  is 
Urtlged  in  the  right  auricle,  while  the  other  passes  into  the  ventricle.  Tlie 
bugs  iirtj  eonnecrt^  with  distinct  tubes  w^hieh  pass  one  within  the  i>ther  and 
are  conne<:^ted  by  elastic  tubing  with  the  i-egistering  apparatus.  At  each  sys- 
tole of  the  heart,  tfie  bags  in  its  cavities  are  comprt»ssed  and  produce  corre- 
sfiondmg  movements  of  the  levers,  which  may  be  registered  siraultaneoualy* 
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To  rrgiHter  the  impulse  of  the  heart,  an  incision  is  made  through  the  skin 
mml  the  externid  intercostal  muscle  over  the  point  where  the  apex-beat  is  felt. 
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A  little  bag,  stretched  over  two  metallic  battons  separated  by  a  central  rod, 
is  then  secured  in  the  cavity  thus  formed  and  is  connected  by  an  elastic  tube 
with  the  registering  apparatus.  All  the  tubes  are  provided  with  stop-cocks, 
so  that  each  initial  bag  may  be  made  to  communicate  with  its  lever  at  will. 
When  the  operation  is  completed  and  the  sound  is  firmly  secured  in  place  by 
a  ligature  around  the  vein,  the  animal  experiences  no  inconvenience,  is  able 
to  walk  about,  eat  etc.,  and  there  is  every  evidence  that  the  circulation  is 
not  interfered  with.  The  cylinder  which  carries  the  paper  destined  to  receive 
the  traces  is  arranged  to  move  by  clock-work  at  a  given  rate.  The  paper 
may  also  be  ruled  in  lines,  the  distances  between  which  represent  certain  frac- 
tions of  a  second.  Fig.  21  represents  the  apparatus  reduced  to  one-sixth  of 
its  actual  size.  Two  of  the  levers  are  connected  with  the  double  sound  for 
the  right  auricle  and  ventricle,  and  one  is  connected  with  the  bag  destined  to 
receive  the  impulse  of  the  heart.  In  an  experiment  upon  a  horse,  the  move- 
ments of  the  three  levers  produced  traces  upon  the  paper  which  were  inter- 
preted as  follows : 

The  auricular  systole,  marked  by  the  first  lever,  immediately  preceded  the 
ventricular  systole  and  occupied  about  two-tenths  of  a  second.  The  eleva- 
tion of  the  lever  indicated  that  it  was  much  more  feeble  than  the  ventricu- 
lar systole,  and  sudden  in  its  character ;  the  contraction,  when  it  had  arrived 
at  the  maximum,  being  immediately  followed  by  relaxation. 

The  ventricular  systole,  marked  by  the  second  lever,  immediately  followed 
the  auricular  systole  and  occupied  about  four-tenths  of  a  second.  The  almost 
vertical  direction  of  the  trace  and  the  degree  of  elevation  showed  that  it  was 
sudden  and  powerful  in  its  character.  The  abrupt  descent  of  the  lever 
showed  that  the  relaxation  was  almost  instantaneous. 

The  impulse  of  the  heart,  marked  by  the  third  lever,  was  shown  to  be  ab- 
solutely synchronous  with  the  ventricular  systole. 

Condensing  the  general  results  obtained  by  Marey,  which  are  of  course 
subject  to  some  variation,  and  dividing  the  action  of  the  heart  into  ten  equal 
parts,  three  distinct  periods  are  observed,  which  occur  in  the  following 
order : 

Auricular  Systole, — This  occupies  two-tenths  of  the  heart's  action.  It 
is  feeble  as  compared  T^-ith  the  ventricular  systole,  and  relaxation  immediately 
follows  the  contraction. 

Ventricular  Systole, — This  occupies  four-tenths  of  the  heart's  action. 
The  contraction  is  powerful  and  the  relaxation  is  sudden.  It  is  absolutely 
s}Tichronous  with  the  impulse  of  the  heart. 

Auricular  Diastole. — This  occupies  four-tenths  of  the  heart's  action. 

Force  of  the  Heart. — Iliiles  (1T33)  was  the  first  to  investigate  experiment- 
ally the  question  of  the  force  exerted  by  the  heart,  by  the  apj)lication  of  the 
eardiometer.  lie  showed  that  the  pressure  of  blood  in  the  aorta  could  be 
measured  by  the  hei^lit  to  which  the  fluid  would  rise  in  a  tube  connected 
with  that  vessel,  and  estinuited  the  foroo  of  the  left  ventricle  by  multiplying 
the  j)ressure  in  the  aorta  by  the  area  of  the  internal  surface  of  the  ventricle. 
The  eardiometer  has  since  undergone  various  improvements  and  modific-a- 
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tions,  but  the  above  is  the  principle  made  use  of  at  the  present  day  in  esti- 
mating the  pressure  of  the  blood  in  different  parts  of  the  circulatory  system. 

Hales  estimated,  from  experiments  upon  living  animals,  the  height  to 
which  the  blood  would  rise  in  a  tube  connected  with  the  aorta  of  the  human 
subject,  at  7  feet  6  inches  (228*6  centimetres),  and  gave  the  area  of  the  left 
ventricle  as  15  square  inches  (96-67  square  centimetres).  From  this  he  cal- 
culated the  force  of  the  left  ventricle  as  equal  to  51*5  pounds  (about  23  kilos.). 
Although  this  estimate  is  merely  an  approximation,  it  seems  to  be  based  on 
more  reasonable  data  than  any  other. 

The  apparatus  of  Marey  for  registering  the  contractions  of  the  different 
cavities  of  the  heart  enabled  him  to  ascertain  the  comparative  force  of  the 
two  ventricles  and  the  right  auricle ;  the  situation  of  the  left  auricle  pre- 
cluding the  possibility  of  introducing  a  sound  into  its  cavity.  By  first  sub- 
jecting the  bags  to  known  degrees  of  pressure,  the  line  of  elevation  of  a 
lever  may  be  graduated  so  as  to  represent  the  degrees  of  the  cardiometer.  In 
analyzing  traces  made  by  the  left  ventricle,  the  right  ventricle  and  right 
auricle,  in  the  horse,  Marey  found  that  as  a  general  rule,  the  comparative 
force  of  the  right  and  left  ventricles  is  as  one  to  three.  The  force  of  the 
right  auricle  is  comparatively  insignificant,  being  in  one  case,  as  compared 
with  the  right  ventricle,  only  as  one  to  ten. 

Action  of  the  Valves. — In  man  and  the  warm-blooded  animals,  there  are 
no  valves  at  the  orifices  by  which  the  veins  open  into  the  auricles.  As  has 
already  been  seen,  compared  with  the  ventricles,  the  force  of  the  auricles  is 
insignificant ;  and  it  has  farthermore  been  shown  that  the  ventricles  may  be 
filled  with  blood  and  the  circulation  continue  when  the  auricles  are  entirely 
passive.  Although  the  orifices  are  not  provided  with  valves,  the  circular 
arrangement  of  the  fibres  about  the  veins  is  such,  that  during  the  contraction 
of  the  auricles  the  openings  are  considerably  narrowed  and  regurgitation  can 
not  take  place  to  any  great  extent.  The  force  of  the  blood  flowing  into  the 
auricles  likewise  offers  an  obstacle  to  its  return.  There  is  really  no  valvu- 
lar apparatus  which  operates  to  prevent  regurgitation  from  the  heart  into 
the  veins ;  for  the  valvular  folds,  which  are  so  abundant  in  the  general  venous 
system  and  particularly  in  the  veins  of  the  extremities,  do  not  exist  in  the 
venaB  cavae.  The  continuous  flow  of  blood  from  the  veins  into  the  auricles, 
the  feeble  character  of  the  auricular  contractions,  the  arrangement  of  the 
fibres  around  the  orifices  of  the  vessels,  and  the  great  size  of  the  auriculo- ven- 
tricular openings,  are  conditions  which  provide  sufficiently  for  the  flow  of 
blood  into  the  ventricles. 

Action  of  the  Auriculo  -  Ventricular  Valves, — After  the  ventricles  have 
become  completely  distended  by  the  auricular  systole,  they  take  on  their  con- 
traction, which  is  very  many  times  more  powerful  than  the  conti-action  of 
the  auricles.  They  force  open  the  valves  which  close  the  orifices  of  the  pul- 
monary artery  and  aorta  and  empty  their  contents  into  these  vessels.  To 
accomplish  this,  at  the  moment  of  the  ventricular  systole,  there  is  a  complete 
closure  of  the  auriculo-ventricular  valves,  leaving  only  the  auriculo-ventricu- 
lar  opening  through  which  the  blood  can  pass.     That  these  valves  close  at 


U    CIRCULATION  OF  THE  BLOOD— ACTION  OF  THE  HEART. 

the  moment  of  contraction  of  the  ventricles,  was  demonstrated  by  the  experi- 
ments of  Chauveau  and  Faivre,  who  introduced  the  finger  through  an  open- 
ing into  the  auricle  and  actually  felt  the  valves  close  at  the  instant  of  the 
ventricular  systole.  This  tactile  demonstration,  and  the  fact  that  the  first 
sound  of  the  heart,  which  is  produced  in  part  by  the  closure  of  the  auriculo- 
ventricular  valves,  is  synchronous  with  the  ventricular  systole,  leave  no  doubt 
as  to  the  mechanism  of  the  closure  of  these  valves.  It  is  probable  that  as 
the  blood  flows  into  the  ventricles,  the  valves  are  slightly  floated  out,  but  they 
are  not  closed  until  the  ventricles  contract 

If  a  bullock's  heart  be  prepared  by  cutting  away  the  auricles  so  as  to 
expose  the  mitral  and  tricuspid  valves,  securing  the  nozzles  of  a  double 
syringe  in  the  pulmonary  artery  and  aorta  after  having  destroyed  the  semi- 
lunar valves,  and  if  fluid  be  inje<;ted  simultaneously  into  both  ventricles,  the 
play  of  the  valves  will  be  exhibited.  The  mitral  valve  effectually  prevents 
the  passage  of  fluid,  its  edges  being  so  accurately  adapted  that  not  a  drop 
passes  between  them ;  but  when  the  pressure  is  considerable,  a  certain  quan- 
tity of  fluid  passes  the  tricuspid  valve  (T.  W.  King).  There  is,  indcHsd,  a 
certain  degree  of  insufficiency  of  the  tricuspid  valve,  which  does  not  exist  on 
the  opposite  side ;  but  it  is  very  questionable  whether  there  can  be  sufficient 
force  exerted  by  the  right  ventricle  to  produce  regurgitation  of  blood  at  the 
right  auriculo-ventricular  orifice. 

Action  of  the  Aortic  and  Pidmojiic  Valves, — The  action  of  the  semilunar 
valves  is  nearly  the  same  upon  both  sides.  In  the  intervals  of  the  ventricular 
contractions,  they  are  closed  and  prevent  regurgitation  of  blood  into  the  ven- 
tricles. The  systole,  however,  overcomes  the  resistance  of  these  valves  and 
forces  the  contents  of  the  ventricles  into  the  arteries.  During  this  time,  the 
valves  are  applied,  or  nearly  applied,  to  the  walls  of  the  vessel ;  but  so  soon 
as  the  ventricles  cease  their  contraction,  the  constant  pressure  of  the  blood, 
which  is  very -great,  closes  the  openings. 

The  action  of  the  semilunar  valves  can  be  studied  by  cutting  away  a  por- 
tion of  the  ventricles  in  the  heart  of  a  large  animal,  securing  the  nozzles  of  a 
double  syringe  in  the  aorta  and  pulmonary  artery  and  forcing  water  into  the 
vessels.  It  has  been  observed  that  while  the  aortic  semilunar  valves  oppose 
the  pjissage  of  the  liquid  so  effectually  that  the  aorta  may  be  ruptured  before 
the  valves  will  give  way,  a  certiiin  degree  of  insufficiency  exists,  under  a  high 
pressure,  at  the  orifice  of  the  pulmonary  artery  (Flint,  1864:).  A  slight  in- 
sufficiency of  the  pulmonic  valves  was  observed  by  Jolin  Hunter,  in  1794.  It 
is  not  probable,  liowever,  that  the  pressure  of  blood  in  the  pulmonary  artery 
is  ever  sufficient  to  produce  re<rurgitation  when  the  valves  are  normal. 

It  is  ])robable  that  the  corpuscles  of  Arantius,  which  are  situated  in  the 
middle  of  each  valvular  curtain,  a.<sist  in  the  accurate  closure  of  the  orifice. 
I'he  sinust\s  of  \'alsalva,  situated  in  the  artery  behind  the  valves,  are  regarded 
as  facilitating  the  closure  of  the  valves  by  allowing  the  blood  to  pitss  easily 
behind  them. 

Stnatds  of  the  Heart. — The  ap]>reciable  phenomena  which  attend  the 
heart's  action  are  conne<*ted  with  the  svstole  of  the  ventricles.     It  is  this 
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which  produces  the  impulse  against  the  walls  of  the  thorax,  and  as  will  be 
seen  farther  on,  the  dilatation  of  the  arterial  system,  indicated  by  the  pulse. 
It  is  natural,  therefore,  in  studying  these  phenomena,  to  take  the  systole  as  a 
point  of  departure,  instead  of  the  action  of  the  auricles ;  and  the  sounds, 
which  are  two  in  number,  have  been  called  first  and  second,  with  reference  to 
the  ventricular  systole. 

The  first  sound  is  absolutely  synchronous  with  the  apex-beat.  The  second 
sound  follows  the  first  with  scarcely  an  appreciable  interval.  Between  the 
second  and  the  first  sound,  there  is  an  interval  of  silence. 

Some  writers  have  attempted  to  represent  the  sounds  of  the  heart  and 
their  relations  to  each  other,  by  certain  syllables,  as  "  luhh-dup  or  lubb-tub  "  ; 
but  it  seems  unnecessary  to  attempt  to  make  such  a  comparison,  which  can 
only  be  appreciated  by  one  who  is  practically  acquainted  with  the  heart- 
sounds,  when  the  sounds  themselves  can  be  so  easily  studied. 

Both  sounds  are  generally  heard  with  distinctness  over  the  entire  praecor- 
dial  region.  The  first  sound  is  heard  with  its  maximum  of  intensity  over 
the  body  of  the  heart,  a  little  below  and  within  the  nipple,  between  the 
fourth  and  fifth  ribs,  and  is  propagated  with  greatest  intensity  downward, 
toward  the  apex.  The  second  sound  is  heard  with  its  maximum  of  intensity 
at  the  base  of  the  heart,  between  the  nipple  and  the  sternum,  at  about  the 
third  rib,  and  is  propagated  upward,  along  the  course  of  the  great  vessels.  If 
the  stethoscope  be  placed  between  the  point  of  the  apex-beat  and  the  left 
nipple,  the  first  sound  will  be  heard  strongly  accentuated,  and  presenting  a 
certain  quality  in  its  vah^ilar  element,  due  to  the  closure  of  the  mitral  valve. 
If  the  stethoscope  be  then  removed  to  a  point  a  little  to  the  left  of  the  ensi- 
form  cartilage,  the  element  due  to  the  closure  of  the  tricuspid  valve  will 
predominate,  and  a  slight  but  distinct  difference  in  quality  may  frequently 
be  noted.  An  analogous  difference  in  the  valvular  elements  of  the  second 
sound  may  also  be  observed.  When  the  stethoscope  is  placed  at  the  base  of 
the  heart,  just  to  the  right  of  the  sternum  and  over  the  aortic  valves,  the 
character  of  the  second  sound  is  often  notably  different  from  the  character  of 
the  sound  heard  with  the  stethoscope  placed  just  to  the  left  of  the  sternum, 
over  the  pulmonic  valves.  In  this  way  the  valvular  elements  of  the  two 
sounds  of  the  hwirt  may  be  separated,  each  one  into  two,  one  produced  by 
closure  of  the  valves  on  the  left  side,  and  one  by  closure  of  the  valves  of  the 
right  side.  A  recognition  of  these  nice  distinctions  is  useful  in  physical 
examinations  of  the  heart  in  disease. 

The  rhythm  of  the  sounds  bears  a  definite  relation  to  the  rhythm  of  the 
heart's  action.  Laennec  was  the  first  to  direct  special  attention  to  the  rhythm 
of  the  heart-sounds,  although  the  sounds  themselves  were  recognized  by  Har- 
vey, who  compared  them  to  the  sounds  made  by  the  passage  of  fluids  along 
the  oesophagus  of  a  horse  when  drinking.  Laennec  divided  a  single  revolution 
of  the  heart  into  four  equal  parts :  the  first  two  parts,  occupied  by  the  first 
sound ;  the  third  part,  by  the  second  sound ;  and  the  fourth  part,  with  no 
sound.  He  regarded  the  second  sound  as  following  immediately  after  the 
first.  Some  authors  have  described  a  ''  short  silence  "  as  occurring  after  the 
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first  sound,  and  a  "  long  silence,"  after  the  second  sound.  The  short  silence, 
if  appreciable  at  all,  is  so  indistinct  that  it  may  practically  be  disregarded. 

Most  physiologists  regard  the  duration  of  the  first  sound  as  a  little  less 
than  two-f ourtlis  of  the  heart's  action,  and  the  second  sound  as  a  little  more 
than  one-fourth.  When  the  mechanism  of  the  production  of  the  two  sounds 
is  considered,  it  will  be  seen  that  if  the  views  on  that  point  be  correct,  the 
first  sound  should  occupy  the  period  of  the  ventricular  systole,  or  four-tenths 
of  the  heart's  action.  The  second  sound  occupies  about  three-tenths,  and 
the  repose,  three-tenths. 

The  first  sound  is  relatively  dull,  low  in  pitch,  and  is  made  up  of  two  ele- 
ments ;  one,  a  valvular  element,  in  which  it  resembles  in  character  the  second 
sound,  and  the  other,  an  element  which  is  directly  due  to  the  action  of  the 
heart  as  a  muscle.  It  has  been  ascertained  that  all  muscular  contraction  is 
attended  with  a  certain  sound.  To  this  is  added  an  impulsion  element,  which 
is  produced  by  the  striking  of  the  heart  against  the  walls  of  the  thorax. 

The  second  sound  is  relatively  sharp,  high  in  pitch,  and  has  but  one  ele- 
ment, which  is  purely  valvular. 

Causes  of  the  Sounds  of  the  Heart. — There  is  now  scarcely  any  difference 
of  opinion  with  regard  to  the  cause  of  the  second  sound  of  the  heart  The 
experiments  of  Rouanet  (1832)  settled  beyond  a  doubt  that  it  is  due  to 
closure  of  the  aortic  and  pulmonary  semilunar  valves.  In  these  experiments, 
the  second  sound  was  imitated  by  producing  sudden  closure  of  the  aortic 
valves  by  a  column  of  water.  In  the  experiments  of  the  British  Commission, 
the  semilunar  valves  were  caught  up  by  curved  hooks  introduced  through  the 
vessels  of  a  living  animal  (the  ass),  with  the  result  of  abolishing  the  second 
sound  and  substituting  for  it  a  hissing  murmur.  When  the  instruments 
were  withdrawn  and  the  valves  permitted  to  resume  their  action,  the  normal 
sound  returned. 

The  cause  of  the  first  sound  of  the  heart  has  not  been  so  well  understood. 
It  was  maintained  by  Rouanet  that  this  sound  was  produced  by  the  closure 
of  the  auriculo- ventricular  valves ;  but  the  situation  of  these  valves  rendered 
it  difficult  to  demonstrate  this  by  actual  experiment.  While  the  second  sound 
is  purely  valvular  in  its  character,  the  first  sound  is  composed  of  a  certain 
number  of  different  elements ;  but  auscultatory  experiments  have  been  made 
by  which  all  but  the  valvular  element  are  eliminated,  when  the  first  sound 
assumes  a  purely  valvular  quality.  These  observations  were  made  in  1858  by 
the  late  Dr.  Austin  Flint : 

If  a  folded  handkerchief  be  placed  between  the  stethoscope  and  in- 
tegument, the  first  sound  is  divested  of  some  of  its  most  distinctive  feat- 
ures. It  loses  the  quality  of  impulsion  and  presents  a  well  marked  valvular 
quality. 

In  many  instances,  when  the  stethoscope  is  applied  to  the  praeoordia  while 
the  subject  is  in  a  reouml)ent  posture  and  the  heart  is  removed  by  force  of 
gravity  from  the  anterior  wall  of  the  thorax,  the  first  sound  becomes  purely 
valvular  in  character  and  as  short  as  the  second. 

When  the  stethoscope  is  applied  to  the  chest  a  little  distance  from  the 
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point  where  the  first  sound  is  heard  with  its  maximum  of  intensity,  it  pre- 
sents only  its  valvular  element. 

These  observations,  taken  in  connection  with  the  fact  that  the  first  sound 
occurs  when  the  ventricles  contract  and  necessarily  accompanies  the  closure 
of  the  auriculo-ventricular  valves,  show  that  these  valves  produce  at  least  one 
element  of  the  sound.  In  farther  support  of  this  opinion,  is  the  fact  that  the 
first  sound  is  heard  with  its  maximum  of  intensity  over  the  site  of  the  valves 
and  is  propagated  downward  along  the  ventricles,  to  which  the  valves  are 
attached.  Actual  experiments  are  not  wanting  to  confirm  this  view.  Chauveau 
and  Faivre  succeeded  in  abolishing  the  first  sound  by  the  introduction  of 
a  wire  ring  into  the  auriculo-ventricular  orifice  through  a  little  opening  in 
the  auricle,  so  as  to  prevent  the  closure  of  the  valves.  When  this  is  done, 
the  first  sound  is  lost ;  but  on  taking  it  out  of  the  opening,  the  sound  returns. 
These  observers  also  abolished  the  first  sound  by  introducing  a  small  curved 
tenotomy-knife  through  the  auriculo-ventricular  orifice  and  dividing  the 
chordae  tendineae.  In  this  experiment  a  loud  rushing  murmur  took  the  place 
of  the  sound.  These  observations  and  experiments  seem  to  settle  the  fact 
that  the  closure  of  the  auriculo-ventricular  valves  produces  one  element  of 
the  first  sound. 

The  other  elements  which  enter  into  the  composition  of  the  first  sound 
are  not  so  prominent  as  the  one  just  mentioned,  although  they  serve  to  give 
it  its  prolonged  and  "booming"  character.  These  elements  are  a  sound 
like  that  produced  by  any  large  muscle  during  its  contraction,  called  by  some 
the  muscular  murmur,  and  the  sound  produced  by  the  impulse  of  the  heart 
against  the  walls  of  the  chest. 

There  can  be  no  doubt  that  the  muscular  murmur  is  one  of  the  elements 
of  the  first  sound ;  and  it  is  this  which  gives  to  the  sound  its  prolonged  char- 
acter when  the  stethoscope  is  applied  over  the  body  of  the  organ,  as  the  sound 
produced  in  muscles  continues  during  the  whole  period  of  their  contraction. 
Admitting  this  to  be  an  element  of  the  first  sound,  its  duration  must  neces- 
sarily coincide  with  that  of  the  ventricular  systole. 

The  impulse  of  the  heart  against  the  walls  of  the  thorax  also  has  a  share 
in  the  production  of  the  first  sound.  This  is  demonstrated  by  noting  the 
difference  in  the  sound  when  the  subject  is  lying  upon  the  back,  and  when 
he  is  upright,  by  interposing  any  soft  substance  between  the  stethoscope  and 
the  chest,  or  by  auscultating  the  heart  after  the  sternum  has  been  removed. 
Under  these  conditions,  the  first  sound  loses  its  booming  character,  retaining, 
however,  the  muscular  element  when  the  instrument  is  applied  to  the  exposed 
organ. 

The  observations  showing  the  valvular  character  of  one  of  the  elements 
of  the  first  sound  have  been  so  definite  and  positive  in  their  results  that  one 
can  hardly  regard  them  as  entirely  controverted  by  the  recent  experiments 
(1885)  of  Yeo  and  Barrett,  upon  the  hearts,  cut  from  the  body,  of  cats  and 
dogs,  which  show,  it  is  claimed,  that  "  a  definite  and  characteristic  tone  sim- 
ilar in  quality  to  the  first  sound  is  produced  by  the  heart-muscle  under  cir- 
cumstances that  render  it  impossible  for  any  tension  of  the  valves  to  con t rib- 
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ate  to  its  production."    It  will  be  assumed,  therefore,  that  the  sounds  of  the 
heart  have  a  mechanism  that  may  be  summarized  as  follows : 

The  first  sound  of  the  heart  is  a  compound  sound.  It  is  produced  by  the 
closure  of  the  auriculo- ventricular  valves  at  the  beginning  of  the  ventricular 
systole,  to  which  are  superadded,  the  muscular  sound,  due  to  the  contraction 
of  the  muscular  fibres  of  the  heart,  and  the  impulsion-sound,  due  to  the 
striking  of  the  heart  against  the  walls  of  the  thorax. 

The  second  sound  is  a  simple  sound.  It  is  produced  by  the  sudden  clos- 
ure of  the  aortic  and  pulmonic  semilunar  valves,  immediately  following  the 
ventricular  systole. 

It  is  of  importance,  with  reference  to  pathology,  to  have  a  clear  idea  of 
the  currents  of  blood  through  the  heart,  with  their  exact  relations  to  the 
sounds  and  intervals.  At  the  beginning  of  the  first  sound,  the  blood  is  for- 
cibly thrown  from  the  ventricles  into  the  pulmonary  artery  on  the  right  side 
and  the  aorta  on  the  left,  and  the  auriculo-ventricular  valves  are  closed. 
During  the  period  occupied  by  this  sound,  the  blood  is  flowing  through  the 
arterial  orifices,  and  the  auricles  are  receiving  blood  slowly  from  the  venae 
cavse  and  the  pulmonary  veins.  When  the  second  sound  occurs,  the  ventri- 
cles having  become  relaxed,  the  recoil  of  the  arterial  walls,  acting  upon  the 
column  of  blood,  immediately  closes  the  semilunar  valves  upon  the  two  sides. 
The  auricles  continue  to  dilate,  and  the  ventricles  are  slowly  receiving  blood. 
Immediately  follo\iing  the  second  sound,  during  the  first  part  of  the  interval, 
the  auricles  become  fully  dilated ;  and  in  the  last  part  of  the  interval,  imme- 
diately preceding  the  first  sound,  the  auricles  contract  and  the  ventricles  are 
fully  dilated.    This  completes  a  single  revolution  of  the  heart. 

Frequency  of  the  Heart's  Action, — The  number  of  pulsations  of  the  heart 
is  not  far  from  seventy  per  minute  in  an  adult  male  and  is  between  seventy 
and  eighty  in  the  female.  There  are  individual  cases,  however,  in  which  the 
pulse  is  normally  much  slower  or  more  frequent  than  this,  a  fact  which  must 
be  remembered  when  examining  the  pulse  in  disease.  It  is  said  that  the 
pulse  of  Xapoleon  I.  was  only  forty  per  minute.  Dunglison  mentioned  a 
case  which  came  under  his  own  observation,  in  which  the  pulse  presented  an 
average  of  thirty-six  per  minute.  The  same  author  stated  that  the  pulse  of 
Sir  William  Congreve  was  never  less  than  one  hundred  and  twenty-eight  per 
minute,  in  health.  It  is  by  no  means  unfrequent  to  find  a  healthy  pulse  of  a 
hundred  or  more  a  minute ;  but  in  the  cases  reported  in  which  the  pulse 
has  been  found  to  be  forty  or  less,  it  is  possible  that  every  alternate  beat  of 
the  heart  was  so  feeble  as  to  produce  no  perceptible  arterial  pulsation.  In 
such  instances,  the  fact  may  be  ascertained  by  listening  to  the  heart  while 
the  finger  is  })lace(l  u})on  the  artery. 

Infliipure  of  Af/e  and  »SV^. — In  both  the  male  and  female,  observers  have 
constantly  found  a  great  difference  in  the  rapidity  c)f  the  heart's  action  at 
different  jx^iods  of  life.  The  pulsations  of  the  heart  in  the  foetus  are  about 
140  })er  minute.  At  birth  the  pulse  is  VM).  It  <rradually  diminishes  during 
the  first  year  to  about  1*^8.  The  second  year,  the  diminution  is  quite  mpid, 
107  being  the  mean  frequency  at  two  years  of  age.     After  the  second  year. 
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the  frequency  progressively  diminishes  until  adult  life,  when  it  is  at  its  min- 
imum, which  is  about  70  per  minute.  At  the  later  periods  of  life  the  move- 
ments of  the  heart  become  slightly  accelerated,  ranging  between  75  and  80 
(Guy). 

During  eariy  life  there  is  no  marked  and  constant  difference  in  the  rapid- 
ity of  the  pulse  in  the  sexes ;  but  near  the  age  of  puberty,  the  development 
of  the  peculiarities  relating  to  sex  is  accompanied  with  an  acceleration  of  the 
heart's  action  in  the  female,  which  continues  even  into  old  age. 

Influence  of  Digestion. — The  condition  of  the  digestive  system  has  a 
marked  influence  on  the  rapidity  of  the  pulse,  and  there  is  generally  an 
increase  in  the  pulse  of  between  five  and  ten  beats  per  minute  after  each 
meal.  Prolonged  fasting  diminishes  the  frequency  of  the  pulse  by  about 
twelve  beats.  Alcohol  first  diminishes  and  afterward  accelerates  the  pulse. 
Coffee  is  said  to  accelerate  the  pulse  in  a  marked  degree.  It  has  been  ascer- 
tained that  the  pulse  is  accelerated  to  a  greater  degree  by  animal  than  by 
vegetable  food. 

Influence  of  Posture  and  Muscular  Exertion, — It  has  been  observed  that 
the  position  of  the  body  has  a  very  marked  influence  upon  the  rapidity  of  the 
pulse.  In  the  male,  there  is  a  difference  of  about  ten  beats  between  standing 
and  sitting,  and  fifteen  beats  between  standing  and  the  recumbent  posture. 
In  the  female,  the  variations  with  position  are  not  so  great.  The  average  is, 
for  the  male  standing,  81 ;  sitting,  71 ;  lying,  66 ; — for  the  female :  standing, 
91 ;  sitting,  84 ;  lying,  80.  This  is  given  as  the  average  of  a  large  number 
of  observations.  There  were  a  few  instances,  however,  in  which  there  was 
scarcely  any  variation  with  posture,  and  some  in  which  the  variation  was 
much  greater  than  the  average.  In  the  inverted  posture,  the  pulse  was  found 
to  be  reduced  abont  fifteen  beats  (Ouy). 

The  question  at  once  suggests  itself  whether  the  acceleration  of  the  pulse 
in  sitting  and  standing  may  not  be  due,  in  some  measure,  to  the  muscular 
effort  required  in  making  the  change  of  posture.  This  is  answered  by  the 
experiments  of  Guy,  in  whicli  the  subjects  were  placed  on  a  revolving  board 
and  the  position  of  the  body  was  changed  without  any  muscular  effort.  The 
same  results  as  those  cited  above  were  obtained  in  these  experiments,  showing 
that  the  difference  is  due  to  the  position  of  the  body  alone.  In  a  single  obser- 
vation, the  pulse,  standing,  was  80;  lying,  77;  difference,  12.  With  the  post- 
ure changed  without  any  muscular  effort,  the  results  were  as  follows :  stand- 
ing, 87;  lying,  74;  difference,  13.  Different  explanations  of  these  variations 
have  been  offered  by  physilogists ;  but  Guy  seems  to  have  settled  experi- 
menbilly  the  fact  that  the  acceleration  is  due  in  part  to  the  muscular  effort 
recjuired  to  maintain  tlie  body  in  tlie  sitting  and  standing  positions.  The 
following  are  the  results  of  experiments  bearing  on  this  point,  in  wliich 
it  is  shown  that  when  the  body  is  carefully  supported  in  tlie  erect  or  sitting 
posture,  so  as  to  be  maintained  without  muscular  effort,  the  pulse  is  less 
frequent  than  when  the  sul)ject  is  standing ;  and  farthermore,  that  the  pulse 
is  accelerateil,  in  the  recumbent  posture,  when  tlie  body  is  imperfectly  sup- 
ported : 
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"  1.  Difference  between  the  pulse  in  the  erect  posture,  without  support, 
and  leaning  in  the  same  posture,  in  an  average  of  twelve  experiments  on  the 
writer,  12  beats ;  and  on  an  average  of  eight  experiments  on  other  healthy 
males,  8  beats. 

"  2.  Difference  in  the  frequency  of  the  pulse  in  the  recumbent  posture, 
the  body  fully  supported,  and  partially  supported,  14  beats  on  an  average  of 
five  experiments. 

"  3.  Sitting  posture  (mean  of  ten  experiments  on  the  writer),  back  sup- 
ported, 80 ;  unsupported,  87 ;  difference,  7  beats. 

"  4.  Sitting  posture  with  the  legs  raised  at  right  angles  with  the  body 
(average  of  twenty  experiments  on  the  writer),  back  unsupported,  86 ;  sup- 
ported, 68 ;  difference,  18  beats.  An  average  of  fifteen  experiments  of  the 
same  kind  on  other  healthy  males  gave  the  following  numbers :  back  unsup- 
ported, 80 ;  supported,  68 ;  a  difference  of  12  beats." 

Influence  of  Exercise  etc, — Muscular  exertion  increases  the  frequency  of 
the  pulsations  of  the  heart ;  and  the  experiments  just  cited  show  that  the 
difference  in  rapidity,  which  is  by  some  attributed  to  change  in  posture — some 
positions,  it  is  fancied,  offering  fewer  obstacles  to  the  current  of  blood  than 
others — is  mainly  due  to  muscular  exertion.  According  to  Bryan  Robinson 
(1734),  a  man  in  the  recumbent  position  has  64  pulsations  per  minute; 
sitting,  68 ;  after  a  slow  walk,  78 ;  after  walking  four  miles  in  an  hour,  100 ; 
and  140  to  150  after  running  as  fast  as  he  could.  This  general  statement, 
which  has  been  repeatedly  verified,  shows  the  important  influence  of  the 
muscular  system  on  the  heart. 

The  influence  of  sleep  upon  the  action  of  the  heart  reduces  itself  almost 
entirely  to  the  proposition  that  during  this  condition,  there  is  usually  en- 
tire absence  of  muscular  effort,  and  consequently  the  number  of  beats  is  less 
than  when  the  individual  is  aroused.  It  has  been  found  that  there  is  no 
difference  in  the  pulse  between  sleep  and  perfect  quiet  in  the  recumbent  post- 
ure. This  fact  obtains  in  the  adult  male ;  but  there  is  a  marked  difference 
in  females  and  young  children,  the  pulse  being  always  slower  during  sleep 
(Quetelet). 

Influence  of  Temperature. — The  influence  of  extremes  of  temperature 
upon  the  heart  is  very  decided.  The  pulse  may  be  doubled  by  remaining  a 
very  few  minutes  exposed  to  extreme  heat.  Bence  Jones  and  Dickinson  have 
ascertained  that  the  pulse  may  be  very  much  reduced  in  frequency,  for  a 
short  time,  by  the  cold  douche.  It  has  also  been  remarked  that  the  pulse  is 
habitually  more  rapid  in  warm  than  in  cold  climates. 

Althoutrh  many  circumstances  materially  affect  the  rapidity  of  the  heart's 
action,  they  do  not  complicate,  to  any  great  extent,  examinations  of  the  pulse 
in  disease.  In  cases  wliicli  })resent  considerable  febrile  movement,  the  pa- 
tient is  generally  in  the  recumbent  posture.  The  variations  induced  by  vio- 
lent exercise  are  easily  reco<xnized,  while  those  dependent  upon  temperature, 
the  condition  of  the  di«restive  system,  etc.,  are  so  sliirht  that  they  may  prac- 
tically be  disregarded.  It  is  necessary  to  boar  in  mind,  however,  the  varia- 
tions which  exist  in  the  sexes  and  at  different  periods  of  life,  as  well  as  the 
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possibility  of  individual  peculiarities,  when  the  action  of  the  heart  is  extra- 
ordinarily rapid  or  slow. 

Influence  of  Respiration  upon  the  Action  of  the  Heart. — The  relations  be- 
tween the  circulation  and  respiration  are  very  intimate  and  one  process  can 
not  go  on  without  the  other.  If  circulation  be  arrested,  the  muscles,  being 
no  longer  supplied  with  fresh  blood,  soon  lose  their  contractile  power,  and 
respiration  ceases.  Circulation,  also,  is  impossible  if  respiration  be  perma- 
nently arrested.  When  respiration  is  imperfectly  performed,  the  action  of 
the  heart  is  slow  and  labored.  The  effects  of  arrest  of  respiration  are  marked 
in  all  parts  of  the  circulatory  system,  arteries,  capillaries  and  veins ;  but  the 
disturbances  thus  produced  all  react  upon  the  heart. 

If  the  heart  be  exposed  in  a  living  animal  and  artificial  respiration  be 
kept  up,  although  the  pulsations  are  increased  in  frequency  and  diminished 
in  force,  after  a  time  they  become  perfectly  regular  and  continue  thus  so 
long  as  air  is  adequately  supplied  to  the  lungs.  Cinder  these  conditions,  res- 
piration is  entirely  under  control  and  the  effects  of  its  arrest  upon  the  heart 
can  easily  be  studied.  If  respiration  be  interrupted,  the  following  changes 
in  the  action  of  the  heart  are  observed :  For  a  few  seconds  pulsations  go 
on  as  usual,  but  in  about  a  minute  they  begin  to  diminish  in  frequency. 
At  the  same  time,  the  heart  becomes  engorged  with  blood  and  the  disten- 
tion of  its  cavities  rapidly  increases.  For  a  time  its  contractions  are  com- 
petent to  discharge  the  entire  contents  of  the  left  ventricle  into  the  arterial 
qrBtem,  and  a  cardiometer  applied  to  an  artery  will  indicate  a  great 
increase  in  the  pressure  of  blood.  A  corresponding  increase  in  the  move- 
ments of  the  mercury  will  be  noted  at  each  contraction  of  the  heart,  indi- 
cating that  the  organ  is  acting  with  abnormal  vigor.  If  respiration  be  still 
interrupted,  the  engorgement  becomes  intense,  tlie  heart  at  each  dijistole 
being  distended  to  its  utmost  capacity.  It  now  becomes  incapable  of  empty- 
ing itself,  the  contractions  become  very  unfrequent,  perhaps  three  or  four  in 
a  minute,  and  are  progressively  enfeebled.  The  organ  is  dark,  almost  black, 
owing  to  the  circulation  of  venous  blood  in  its  substance.  If  respiration  be 
not  resumed,  this  distention  continues,  the  contractions  become  less  frequent 
and  more  feeble,  and  in  a  few  minutes  they  cease. 

The  arrest  of  the  action  of  the  heart,  under  these  conditions,  is  chiefly 
mechanical.  The  unaerated  blood  passes  with  difficulty  through  the  capilla- 
ries of  the  system,  and  as  the  heart  is  constantly  at  work,  the  arteries  be- 
come largely  distended.  This  is  shown  by  the  great  increase  in  the  arterial 
pressure  while  these  vessels  are  full  of  black  blood.  If,  now,  the  heart  and 
great  vessels  be  closely  examined,  the  order  in  which  they  become  distended 
is  readily  observed.  These  phenomena  show  that  in  asphyxia  the  obstruction 
to  the  circulation  begins,  not  in  the  lungs,  as  is  commonly  supposed,  but  in 
the  capillaries  of  the  system,  and  is  propagated  backward  to  the  heart 
through  the  arteries  (Dal ton).  The  distention  of  the  heart  in  asphyxia  is 
therefore  due  to  the  ftict  that  unaerated  blood  can  not  circulate  freely  in  the 
systemic  capillaries.  When  thus  distended,  the  heart  becomes  paralyzed,  like 
any  muscle  after  a  severe  strain. 
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If  respiration  be  resumed  before  the  heart's  action  has  entirely  ceased, 
the  organ  in  a  few  moments  will  resume  its  contractions.  There  is  observed 
first  a  change  from  the  dusky  hue  it  had  assumed,  to  a  vivid  red,  which  is 
owing  to  the  circulation  of  arterial  blood  in  its  capillaries.  The  distention 
then  becomes  gradually  relieved,  and  for  a  few  moments,  the  pulsations 
are  abnormally  frequent.  The  arteries  will  then  be  found  to  contain  red 
blood.  An  instrument  applied  to  an  artery  will  show  a  diminution  in  ar- 
terial pressure  and  in  the  force  of  the  heart's  action,  if  the  arrest  of  respi- 
ration have  been  carried  only  far  enough  to  moderately  distend  the  heart ; 
or  there  is  an  increase  in  the  pressure  and  force  of  the  heart,  if  its  action 
have  been  nearly  arrested.  A  few  moments  of  regular  insufflation  will  cause 
the  pulsations  to  resume  their  normal  character  and  frequency. 

In  the  human  subject,  the  effects  of  temporary  or  permanent  arrest  of 
respiration  on  the  heart  are  undoubtedly  the  same  as  those  observed  in  ex- 
periments upon  the  warm-blooded  animals.  In  the  same  way,  also,  it  is  pos- 
sible to  restore  the  normal  action  of  the  organ,  if  respiration  be  not  too  long 
suspended,  by  the  regular  introduction  of  fresh  air  into  the  lungs.  Examples 
of  animation  restored  by  artificial  respiration,  in  drowning  etc.,  are  evidence 
of  this  fact.  In  cases  of  asphyxia,  those  measures  by  which  artificial  respira- 
tion is  most  effectually  maintained  have  been  found  most  efficient. 

Cause  of  the  Rhythmical  Contractions  of  the  Heart. 

The  question  of  the  actual  cause  of  the  rhythmical  contractions  of  the 
heart  is  one  of  great  importance  and  has  long  engaged  the  attention  of  physi- 
ologists. While  researches  have  resulted  in  much  positive  information  with 
regard  to  influences  which  regulate  or  modify  this  action,  there  seems  to  be 
little  known,  even  now,  concerning  the  main  question,  why  the  fibres  of  the 
heart,  unlike  the  ordinary  muscular  fibres,  seem  to  contract  spontaneously. 

The  heart  in  its  structure  resembles  the  voluntary  muscles ;  but  it  has  a 
constant  office  to  perform  and  seems  to  ^t  without  any  palpable  excitation, 
while  the  latter  act  only  under  the  influence  of  a  natural  stimulus,  like  the 
nervous  impulse,  or  under  artificial  excitation.  The  movements  of  the  heart 
are  not  the  only  examples  of  what  seems  to  be  spontaneous  action.  The  cili- 
ated epithelium  is  in  motion  from  the  beginning  to  the  end  of  life,  and  will 
continue  for  a  certain  time,  even  after  the  cells  are  detached  from  the  organ- 
ism. This  motion  can  not  be  explained,  unless  it  be  called  an  explanation  to 
say  that  it  is  dependent  uj)on  vital  properties ;  but  if  the  actual  cause  of 
the  rhythmioal  contraction  of  tlie  heart  be  unknown,  ])hysiologists  are  ac- 
quainted with  certain  infliionres  which  render  its  action  regular,  powerful 
and  sutVK'ient  for  the  pur])o.ses  of  the  economy. 

The  action  of  the  lieart  is  invohmturv.  Its  pulsations  can  be  neither 
arrested,  retarded  uor  accelerated  by  an  effort  of  the  will,  excepting,  of 
course,  exani])les  of  arrest  by  sto])pa^e  of  res})iration  or  acceleration  by 
violent  muscular  exercise  etc.  In  this  resj)ect  the  heart  differs  from  cer- 
tain muscles,  like  the  muscles  of  respiration,  which  act  automatically,  but 
the  movements  of  which   may  be  teni])orarily  arrested  or  accelerated  by  a 
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direct  voluntary  effort.  The  last-mentioned  fact  illustrates  the  difference  be- 
tween the  heart  and  all  other  striated  muscles.  All  of  them,  in  order  to  con- 
tract, must  receive  a  stimulus,  either  natural  or  artificial.  The  natural 
stimulus  comes  from  the  nerve-centres  and  is  conducted  by  the  nerves.  If 
the  nerves  going  to  any  of  the  respiratory  muscles,  for  example,  be  divided, 
the  muscle  is  paralyzed  and  will  not  contract  without  some  kind  of  stimula- 
tion. Connection  with  the  central  nervous  system  does  not  seem  necessary 
to  the  action  of  the  heart,  for  it  will  contract,  especially  in  the  cold-blooded 
animals,  some  time  after  its  removal  from  the  body.  If  the  supply  of  blood 
be  cut  off  from  the  substance  of  the  heart,  especially  in  the  warm-blooded 
animals,  the  organ  soon  loses  its  contractility. 

Erichsen,  after  exposing  the  heart  in  a  warm-blooded  animal  and  keeping 
up  artificial  respiration,  tied  the  coronary  arteries,  thus  cutting  off  the 
greatest  part  of  the  supply  of  blood  to  the  muscular  fibres.  He  found,  as 
the  mean  of  six  experiments,  that  the  heart  ceased  pulsating,  although 
artificial  respiration  was  continued,  in  twenty-three  and  a  half  minutes. 
After  the  pulsations  had  ceased,  they  could  be  restored  by  removing  the  liga- 
tures and  allowing  the  blood  to  circulate  again  in  the  substance  of  the  heart. 

The  regular  and  powerful  contractions  of  the  heart  are  promoted  by 
the  circulation  of  the  blood  through  its  cavities.  Although  the  heart, 
removed  from  the  body,  will  contract  for  a  time  without  a  stimulus,  it  can 
be  made  to  contract  during  the  intervals  of  repose  by  an  irritant,  such  as  the 
point  of  a  needle  or  a  feeble  electric  current.  For  a  certain  time  after  the 
heart  has  ceased  to  contract  spontaneously,  contractions  may  be  produced 
in  this  way.  This  can  easily  be  demonstrated  in  the  heart  of  any  animal, 
warm-blooded  or  cold-blooded.  This  excitability,  which  is  manifested,  under 
these  conditions,  in  the  same  way  as  in  ordinary  muscles,  is  different  in 
degree  in  different  parts  of  the  organ.  Haller  and  others  have  shown  tliat 
it  is  greater  in  the  cavities  than  on  the  surface ;  for  long  after  stimulation 
applieil  to  the  exterior  fails  to  excite  contraction,  the  organ  will  respond  to 
a  stimulus  applied  to  its  interior.  The  experiments  of  Ilaller  also  show  that 
fluids  in  the  cavities  of  the  heart  have  an  influence  in  exciting  and  keeping 
up  its  contractions.  This  observation  is  important,  as  showing  that  the 
presence  of  blood  is  necessary  to  the  natural  and  regular  action  of  the  heart. 
Schiff  succeeded  in  restoring  the  pulsations  in  the  heart  of  a  frog,  which 
had  ceased  after  it  had  been  emptied,  by  introducing  a  few  drops  of  blood 
into  the  auricle.  Experiments  upon  alligators  and  turtles  show  that 
when  the  heart  is  removed  from  the  body  and  emptied  of  blood,  the  pul- 
sations are  feeble,  rapid  and  irregular;  but  when  filled  with  blood,  the 
valves  being  destroyed  so  as  to  allow  free  pa^isage  in  both  directions 
between  the  auricles  and  ventricle,  the  contractions  become  powerful 
and  regular.  In  these  experiments,  w^hen  water  was  introduced  instead 
of  blood,  the  pulsations  w^ere  more  frequent  and  not  so  powerful  as 
when  blood  was  used  (Flint,  1861).  These  experiments  show,  also, 
that  the  action  of  the  heart  may  be  affected  by  the  character,  particularly 
the  density,  of  the  fluid  which  passes  through  its  cavities,  which  may  ex- 
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plain  its  rapid  and  feeble  action  in  certain  cases  of  anaemia.  The  heart, 
therefore,  although  capable  of  independent  action,  is  excited  to  contraction 
by  the  blood  as  it  passes  through  its  cavities.  A  glance  at  the  succession  of 
its  movements,  particularly  in  cold-blooded  animals — in  which  they  are  so 
slow  that  the  phenomena  can  be  easily  observed — will  show  how  these  con- 
tractions are  produced.  There  is  first  a  distention  of  the  auricle,  and  this  is 
immediately  followed  by  a  contraction  filling  the  ventricle,  which  in  its 
turn  contracts.  Undoubtedly,  the  tension  of  the  fibres,  as  well  as  the  con- 
tact of  blood  in  its  interior,  acts  as  a  stimulus ;  and  as  all  the  fibres  of  each 
cavity  are  put  on  the  stretch  at  the  same  instant,  they  contract  simul- 
taneously. The  successive  and  regular  distention  of  each  cavity  thus  produces 
rhythmical  and  forcible  contractions ;  and  the  mere  fact  that  the  action  of 
the  heart  alternately  empties  and  dilates  its  cavities  insures  regular  pulsa- 
tions, so  long  as  blood  is  supplied  and  no  disturbing  influences  are  in 
operation. 

The  intermittent  contraction  and  successive  action  of  the  fibres  of  the 
heart,  when  the  organ  has  been  removed  from  the  body,  are  dependent,  to  a 
great  extent,  upon  sympathetic  ganglia  situated  near  its  base.  If  the 
ventricle  of  a  frog's  heart  be  divided  transversely  at  the  upper  third,  the 
lower  two-thirds  will  no  longer  contract  spontaneously,  while  the  auricles 
and  the  upper  third  of  the  ventricle  continue  to  pulsate.  If  a  stimulus  be 
then  applied  to  the  lower  two-thirds  of  the  ventricle,  this  is  usually  followed 
by  a  single  contraction,  and  not  by  a  series  of  more  or  less  regular  pulsations. 
It  has  been  observed,  also,  that  small,  detached  pieces  of  the  auricles  will 
pulsate  regularly  for  a  time. 

In  the  frog  there  are  three  ganglia  closely  connected  with  the  heart ;  one 
at  an  expansion  of  the  inferior  vena  cava  just  before  it  enters  the  auricle, 
called  the  venous  sinus  (Remak),  another  between  the  left  atfricle  and  the 
ventricle  (Bidder),  and  a  third  between  the  two  auricles  (Ludwig).  Accord- 
ing to  Robert  Meade  Smith,  the  first  two  ganglia  communicate  the  motor 
impulse  to  the  muscular  fibres  of  the  heart.  The  third  is  the  inhibitory 
ganglion,  and  this  regulates,  through  its  action  upon  the  motor  ganglia,  the 
transmission  of  motor  impulses.  "  As  regards  the  manner  in  which  these 
ganglia  produce  the  rhythmiml  contraction  of  the  heart,  little  is  known ; 
but  that  they  are  the  prime  factors  in  producing  not  only  the  rhythm  of 
the  cardiac  revolutions,  with  its  various  modifications,  but  also  the  starting 
point  of  each  individual  contraction,  is  one  of  the  best  established  facts  in 
physiology." 

In  man  and  in  most  warm-blooded  animals,  collections  of  sympathetic 
ganglia  are  found  uttaclied  to  the  nerves  at  the  line  of  junction  of  the 
auricles  with  the  ventricles. 

Nearly  all  of  tlie  ex])eriments  just  referred  to  were  made  upon  the  hearts 
of  cold-blooded  {iiiiniiils,  })articularly  the  frog;  but  in  all  animals,  under 
normal  conditions,  the  contractions  of  the  heart  seem  to  start  from  the 
auricles.  The  fact,  however,  that  the  ventricles  will  contract  regularly  in  a 
living  animal,  after  the  excitability  of  the  auricles  has  been  exhausted  by 
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repeated  stimulations  and  they  have  ceased  to  pulsate,  shows  that  the  so- 
called  pulsating  wave  coming  from  the  auricles  is  not  absolutely  essential  to 
the  contraction  of  the  yentricles. 

Finally,  in  view  especially  of  the  results  of  experiments  upon  the  cold- 
blooded animals,  it  may  be  stated  that  the  muscular  fibres  of  the  auiicles 
and  of  the  upper  third  of  the  ventricles  have  the  property  of  intermittent 
and  regular  contraction,  which  is  dependent,  to  a  great  extent,  upon  the 
influence  of  the  so-called  motor  ganglia  of  the  heart ;  and  that  the  wave  of 
contraction  is  transmitted  to  the  lower  two-thirds  of  the  ventricles,  the  fibres 
of  which  do  not  seem  to  possess  the  property  of  independent  contraction. 
The  muscular  tissue  of  the  heart,  however,  may  be  thrown  into  contraction 
during  diastole  by  the  application  of  a  stimulus,  a  property  which  is  observed 
in  all  musular  fibres.  The  excitability  manifested  in  this  way  is  much  more 
marked  in  the  interior  than  on  the  exterior  of  the  organ.  Blood  in  contact 
with  the  lining  membrane  of  the  heart  acts  as  a  stimulus  in  a  remarkable 
degree  and  is  even  capable  of  restoring  excitability  after  it  has  become 
extinct  The  passage  of  blood  through  the  heart  is  the  natural  stimulus  of 
the  organ  and  is  an  important  element  in  the 
production  of  regular  pulsations,  although  it  by 
no  means  endows  the  fibres  with  their  contractile 
properties. 

Accelerator  Nerves. — Experiments  on  the  in- 
fluence of  the  sympathetic  nerves  upon  the  heart 
have  not  been  entirely  satisfactory.  It  has  been 
observed  that  the  action  of  the  heart  is  immedi- 
ately arrested  by  destroying  the  cardiac  plexus; 
but  with  regard  to  this,  the  difficulty  of  making 
the  operation  and  the  disturbance  of  the  heart 
consequent  upon  the  necessary  manipulations 
must  be  taken  into  account.  It  has  been  shown, 
however,  that  stimulation  of  the  sympathetic  in 
the  neck  has  the  effect  of  accelerating  the  car- 
diac movements. 

According  to  Strieker,  there  exists  in  the  me- 
dulla oblongata  a  centre,  stimulation  of  which  in- 
creases the  rapidity  of  the  heart's  action;  and 
from  this  centre,  fibres  descend  in  the  substance  of 
the  spinal  cord,  pass  out  with  the  communicating 
branches  of  the  lower  cervical  and  upper  dorsal 
nerves  to  the  sympathetic,  and  go  to  the  cardiac 
plexus.  In  the  cat,  the  accelerator  fibres  pass 
through  the  first  thoracic  sympathetic  ganglion. 
Taking  all  precautions  to  eliminate  the  influence 
of  variations  in  the  blood  pressure,  it  has  been  shown  that  after  division  of 
the  pneumogastric,  stimulation  of  the  accelerator  fibres  increases  the  number 
of  beats  of  the  heart.     This  action  is  direct  and  not  reflex. 


Fio.  ^.—Sieheme  of  the  course  of 
the  acreleraiM  fibre.^  (Stirling). 
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8c,  superior  cardiac  :  h, 
heart ;  c,  cerebral  impulse  ; 
8.  cervical  sympathetic;  a,  a, 
accelerans  fibres. 
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Direct  Inhibition  of  the  Heart. — Division  of  the  pneumogastric  nerves 
in  the  neck  increases  the  frequency  and  diminishes  the  force  of  the  contrac- 
tions of  the  heart.  To  anticipate  a  little  of  the  history  of  the  pneumogastric 
nerves,  it  may  be  stated  that  while  they  are  exclusively  sensory  at  their  origin, 
they  receive,  after  having  emerged  from  the  cranial  canity,  a  number  of  fila- 
ments from  various  motor  nerves.  That  they  influence  certain  muscles,  is 
shown  by  the  paralysis  of  these  muscles  after  division  of  the  nerves  in  the 
neck,  as,  for  example,  the  arrest  of  the  movements  of  the  glottis. 

A  moderate  Faradic  current  passed  through  both  pneumogastrics  arrests 
the  action  of  the  heart  in  diastole  (Ed.  Weber).  This  observation  has  been 
made  upon  living  animals,  both  with  and  without  exposure  of  the  heart ; 
and  this  kind  of  action  is  known  as  inhibitory,  or  restraining.  Its  nervous 
mechanism  is  direct  and  not  reflex ;  and  the  inhibitory  influence  is  conveyed 
to  the  heart  through  filaments  in  the  pneumogastric  which  are  derived  from 
the  spinal  accessory. 

It  is  said  that  direct  stimulation  of  the  medulla  oblongata  ^ill  have  the 
same  effect  upon  the  heart  as  stimulation  of  the  pneumogastrics ;  but  it  must 
be  very  difficult  to  limit  the  stimulation  to  a  particular  point  in  the  medulla 
and  to  avoid  conditions  which  would  complicate  such  an  experiment.  A 
sufficiently  powerful  stimulus  applied  to  one  pneumogastric  will  arrest  the 
canliac  pulsations,  and  in  some  animals  the  inhibitor}'  action  is  confined  to 
the  nerve  of  the  right  side.  It  is  not  known  that  any  such  difference  between 
the  two  nerves  exists  in  the  human  subject,  and  certainly  there  is  no  marked 
difference  in  most  of  the  mammalia. 

If  both  pneumogastrics  be  Faradized  for  two  or  three  minutes,  the  con- 
tractions of  the  heart  return,  even  though  the  stimulation  be  continued,  pro- 
>'ided  the  current  be  not  too  powerful  but  of  sufficient  strength  to  promptly 
arrest  the  pulsations.  It  is  probable  that  this  is  due  to  the  fact  that  the 
excitability  of  the  nerve  after  a  time  becomes  exhausted  by  the  prolonged 
excitation,  and  its  inhibitory  influence  is  for  the  time  destroyed. 

Stimulation  of  the  pneumogastrics  in  any  part  of  their  course  is  followed 
by  the  usual  inhibitory  phenomena,  and  the  same  results  sometimes  follow 
stimulation  of  the  thoracic  cardiac  branches.  It  has  also  been  observed  that 
when  the  heart's  action  has  been  arrested  and  the  organ  is  quiescent  in  dias- 
tole, direct  mechanical  stimulation  of  the  heart  is  followed  by  a  single  con- 
traction, showing  that  the  excitability  of  the  fibres  has  not  been  entirely 
suspended. 

After  section  of  both  pneumogastrics  in  the  neck,  digitalis  fails  to  diminish 
the  number  of  boats  of  the  heart  (Traul)e) ;  showing  that  sejniration  of  the 
heart  from  its  connections  with  the  cerebro-spinal  nerves  removes  the  organ 
from  the  chanicteristic  and  })ecnliar  effects  of  the  ])()ison. 

Feeble  stimulation  of  one  or  both  pneumogastrics,  when  it  produces  any 
effect,  almost  always  slows  the  action  of  tlie  heart.  In  some  animals,  how- 
ever, the  pneumogastrics  contain  a  few  accelerator  fibres,  and  feeble  excita- 
tion sometimes  is  followed  by  a  slight  increase  in  the  rapidity  of  the  cardiac 
pulsations,  but  this  is  unusual. 


INHIBITION  OF  THE  HEART.  57 

Reflex  Inhibition  of  the  He<irt, — Like  most  of  the  direct  operations  of 
nerves  that  can  be  imitated  by  electric  stimulation,  the  inhibitory  action  of 
the  pneumogastrics  can  be  produced  by  reflex  action.  The  action  of  the  heart 
may  be  arrested  in  the  frog  by  sharply  tapping  the  exposed  intestines  (Goltz). 
The  same  effect  has  been  produced  by  stimulation  of  the  splanchnic  nerves  or 
the  cervical  sympathetic.  In  some  animals,  if  one  pneumogastric  be  divided 
in  the  neck,  the  other  being  left  intact,  stimulation  of  the  central  end  of  the 
divided  nerve  will  produce  inhibition  of  the  heart,  by  an  action  induced  in 
the  undivided  nerve.  In  all  of  these  instances,  the  inhibition  is  reflex. 
The  stimulation  is  carried  by  the  afferent  fibres  of  the  nerves  stimulated,  to 
the  inhibitory  centre  in  the  medulla  oblongata,  and  is  reflected  to  the  heart 
through  the  efferent  fibres  of  the  pneumogastric. 

While  moderate  stimulation  of  ordinary  sensory  nerves  is  sometimes  fol- 
lowed by  inhibition  of  the  heart,  very  powerful  stimulation  arrests  the  cardio- 
inhibitory  action  of  the  pneumogastrics,  as  well  as  certain  other  reflexes. 

The  inhibitory  fibres  of  the  pneumogastrics  undoubtedly  have  an  impor- 
tant office  in  connection  with  the  regulation  of  the  rapidity  and  force  of  the 
cardiac  pulsations.  It  is  important,  of  course,  that  the  heart  should  act  at 
all  times  with  nearly  the  same  force  and  frequency.  It  has  been  seen  that 
the  inherent  properties  of  its  fibres  and  the  action,  probably,  of  the  cardiac 
ganglia  are  competent  to  make  it  contract,  and  the  necessary  intermittent 
dilatation  of  its  cavities  makes  these  contractions  assume  a  certain  regularity ; 
but  the  quantity  and  density  of  •  the  blood  are  subject  to  very  considerable 
variations  within  the  limits  of  health,  which,  without  some  regulating  influ- 
ence, would  undoubtedly  cause  variations  in  the  heart's  action,  so  considerable 
as  to  be  injurious.  This  is  shown  by  the  palpitating  and  irregular  action  of 
the  heart  when  the  pneumogastrics  have  been  divided.  These  nerves  convey 
to  the  heart  a  constant  influence,  which  may  be  compared  to  the  insensible 
tonicity  imparted  to  voluntary  muscles  by  the  general  motor  system.  When 
a  set  of  muscles  on  one  side  is  paralyzed,  as  in  facial  palsy,  their  tonicity  is 
lost,  they  become  flaccid,  and  the  muscles  on  the  other  side,  without  any  effort 
of  the  will,  distort  the  features.  An  exaggeration  of  this  force  may  be  imitated 
by  a  feeble  Faradic  current,  which  renders  the  pulsations  of  the  heart  less 
frequent  and  more  powerful,  or  it  may  be  still  fartlier  exaggenited  by  a 
more  powerful  current,  which  arrests  the  action  of  the  heart.  Phemonena 
are  not  wanting  in  the  human  subject  to  verify  these  views.  Causes  which 
operate  through  the  nervous  system  frequently  produce  palpitiition  and 
irregular  action  of  the  heart.  Cases  are  not  uncommon  in  which  palpitation 
habitually  occurs  after  a  full  meal.  There  are  instances  on  record  of  death 
from  arrest  of  the  heart's  action  as  a  consequence  of  fright,  anger,  grief  or 
other  severe  mental  emotions.  Syncope  from  these  causes  is  by  no  means 
uncommon.  In  the  latter  instance,  when  the  heart  resumes  its  contractions, 
the  nervous  shock  carried  along  the  pneumogastrics  is  only  sufficient  to  arrest 
its  action  temporarily.  When  death  takes  place,  the  shock  is  so  great  that 
the  heart  never  recovers  from  its  effects. 
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Summary  of  Certain  Causes  of  Arrest  of  the  Action  of  the 

Heart. 

In  warm-blooded  animals,  the  heart's  action  speedily  ceases  after  the  organ 
is  deprived  of  its  natural  stimulus,  the  blood.  Proof  of  this  is  not  derived  alone 
from  experiments  on  the  inferior  animals.  It  is  well  known  that  in  profuse 
haemorrhage  in  the  human  subject,  the  contractions  of  the  heart  are  progress- 
ively enfeebled,  and  when  the  loss  of  blood  has  proceeded  to  a  certain  extent, 
are  permanently  arrested.  Cases  of  transfusion  after  hsemorrhage  show  that 
when  blood  is  introduced  the  heart  may  be  made  to  resume  its  pulsations. 
The  same  result  takes  place  in  death  by  asthenia ;  and  cases  are  on  record 
in  which  life  has  been  prolonged,  as  in  haemorrhage,  by  transfusion  of  even 
a  small  quantity  of  healthy  blood.  These  facts  have  been  demonstrated  on 
the  inferior  animals  by  experiments  already  cited.  The  experiment  of 
Haller,  in  which  the  action  of  the  right  side  of  the  heart  of  a  cat  was 
arrested  by  empt}ing  it  of  blood,  while  the  left  side,  which  was  filled  with 
blood,  continued  to  pulsate,  showed  that  the  absence  of  blood  is  competent 
of  itself  to  arrest  contractions  of  the  heart.  The  experiments  of  Erichsen, 
who  paralyzed  the  heart  by  tying  the  coronary  arteries,  and  of  Schiff,  who 
produced  a  local  paralysis  by  tying  the  vessel  going  to  the  right  ventricle, 
show  that  the  action  of  the  heart  may  also  be  arrested  by  cutting  off  the 
circulation  of  blood  in  its  substance.  Both  of  these  causes  must  operate  in 
arrest  of  the  heart's  action  in  haemorrhage. 

The  mechanical  causes  of  arrest  of  the  heart's  action  are  of  considerable 
pathological  importance.  The  heart,  in  common  with  other  muscles,  may 
be  paralyzed  by  mechanical  injury.  A  violent  blow  upon  the  deltoid 
paralyzes  the  arm ;  a  severe  strain  will  paralyze  the  muscles  of  an  extremity ; 
and  in  the  same  way,  excessive  distention  of  the  cavities  of  the  heart  will 
arrest  its  pulsations.  This  is  shown  by  arrest  of  the  circulation  in  asphyxia ; 
which  is  due  to  the  fact  that  the  heart  is  incapable  of  forcing  the  unaerated 
blood  through  the  systemic  capillaries.  The  heart,  in  asphyxia,  finally  be- 
comes enormously  strained  and  distended  and  is  consequently  paralyzed. 
The  same  result  follows  the  application  of  a  ligature  to  the  aorta.  This 
effect  may  be  produced  also,  in  the  cold-blooded  animals,  in  which,  if  the 
heart  be  left  undisturbed,  the  pulsations  will  continue  for  a  long  time.  The 
following  experiment  illustrating  this  point  was  performed  upon  the  heart  of 
a  large  alligator  : 

The  animal  was  poisoned  with  curare,  and  twenty-eight  hours  after  death 
the  heart,  which  had  been  exposed  and  left  in  sitn,  was  pulsating  regularly. 
It  was  then  removed  from  the  body,  and  after  some  ex})eriments  on  the  com- 
panitive  force,  etc.,  of  the  pulsations  when  empty  and  when  filled  with  blood, 
was  filled  with  water,  the  valves  having  been  destroyed  so  as  to  allow  free 
passiige  of  the  fluid  through  the  cavities,  and  the  vessels  were  tieii.  The 
ventricles,  still  filled  with  water  confined  in  their  cavity,  were  then  firmly 
compressed  with  the  hand.  From  that  time,  the  heart  entirely  ceased  its 
contractions  and  became  hard  like  a  muscle  in  a  state  of  cadaveric  rigidity. 
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This  experiment  shows  how  completely  and  promptly  the  heart,  even  of  a 
cold-blooded  animal,  may  be  arrested  in  its  action  by  mechanical  injury 
(Flint,  1861). 

Cases  of  death  from  engorgement  of  the  heart  are  not  unusual  in  prac- 
tice ;  and  the  form  of  organic  disease  which  most  frequently  leads  to  sudden 
death  is  that  in  which  the  heart  is  liable  to  great  distention.  In  other  lesions 
there  is  not  this  tendency ;  but  when  the  aortic  orifice  is  contracted  or  the 
yalves  are  insufficient,  any  great  disturbance  of  the  circulation  will  cause  the 
heart  to  become  engorged,  which  is  liable  to  produce  a  fatal  result. 

Most  persons  are  practically  familiar  with  the  distressing  sense  of  suffoca- 
tion which  frequently  follows  a  blow  upon  the  epigastrium ;  and  a  few  cases 
are  on  record  of  instantaneous  death  following  a  comparatively  slight  concus- 
sion in  this  region.  Although  these  cases  are  rare,  they  are  well  recognized, 
and  the  effects  are  generally  attributed  to  injury  of  the  solar  plexus.  The 
distress  is  precisely  what  would  occur  from  sudden  arrest  of  the  heart's  ac- 
tion. It  is  the  blood  charged  with  oxygen  which  supplies  the  wants  of  the 
tissues,  and  not  the  simple  entrance  of  air  into  the  lungs ;  and  arrest  of  the 
circulation  of  arterial  blood,  from  any  cause,  produces  suffocation  as  com- 
pletely as  though  the  trachea  were  tied.  It  is  a  question  whether  the  ar- 
rest of  the  heart,  if  this  be  the  pathological  condition,  be  due  to  concussion 
of  the  nervQus  centre  or  to  the  direct  effects  of  the  blow  upon  the  organ  it- 
self. Present  data  do  not  afford  a  definite  answer  to  this  question,  but  they 
sustain,  to  a  certain  extent,  the  opinion  that  in  such  accidents,  the  symptoms 
are  due  to  direct  injury  of  the  heart  An  additional  argument  in  favor  of 
this  view  is  founded  on  what  is  known  of  the  mode  of  operation  of  the  sym- 
pathetic system.  The  effects  of  stimulation  or  irritation  of  this  system  are 
not  instantaneously  manifested,  as  is  the  case  in  the  cerebro-spinal  system,  but 
are  developed  slowly  and  gradually. 

As  far  as  the  results  of  experiments  are  concerned,  the  nervous  influences 
which  arrest  the  action  of  the  heart  seem  to  operate  through  the  pneumogas- 
trics  and  are  derived  from  the  spinal  accessory  nerves.  This  action  can  be 
closely  imitated  by  electricity.  The  causes  of  arrest  in  this  way  are  many  and 
varied.  Among  them  may  be  mentioned,  sudden  and  severe  bodily  pain  and 
severe  mental  emotions.  With  the  exception  of  arrest  of  the  heart's  action 
from  loss  of  blood  and  from  distention,  from  whatever  cause  it  may  occur, 
stoppage  of  the  heart  takes  place  from  influences  operating  through  the 
nervous  system.  It  may  be  temporary,  as  in  syncope,  or  it  may  be  permanent ; 
and  examples  of  the  latter,  though  rare,  are  suflliciently  well  authenticated. 

In  an  animal  just  killed,  as  the  pulsations  of  the  heart  become  slower  and 
slower  until  they  are  finally  arrested,  it  is  constantly  observed  that  the  auric- 
ular appendage  on  the  right  side  continues  to  contract  for  some  time  after 
the  other  portions  of  the  heart  have  ceased  their  action. 
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CHAPTER  IIL 

CinCCLATIOS  OF  THE  BLOOD  IX  TIIE  VESSELS. 

Physiological  anatomy  of  the  arteries— Course  of  blood  in  the  arteries— Locomotion  of  the  aitfries  and 
prodaction  of  the  palse— Pressure  of  blood  in  the  arteries— Pressure  in  different  parts  of  the  arterial  sys- 
tem—Depressor ner>-e— Influence  of  respiration  on  the  arterial  pressure— Rapidity  of  the  current  of  blood 
in  the  arteries— Rapidity  in  different  parts  of  the  arterial  system— Circulation  of  the  blood  in  the  ca|^- 
Uries— Physiological  anatomy  of  the  capillaries— Pressure  of  blood  in  the  capillaries— Relations  of  the 
capilUry  circulation  to  respiration— Causes  of  the  capillary  circuUtion— Influence  of  temperature  on  the 
capillary  circuUtion— Influence  of  direct  irritation  on  the  capillary  circulation— Circulation  of  the  blood 
in  the  veins— Ph^-siolc^cal  anatomy  of  the  veins — Course  of  the  blood  m  the  veins — Pressure  of  blood  in 
the  veins — Rapidity  of  the  venous  circulation— Causes  of  the  venous  circulation — Air  in  the  veins — ^Uses 
of  the  valves— Conditions  which  impede  the  venous  circulation— Regurgitant  venous  pulse— CirculatKm 
in  the  cranial  cavity— Circulation  in  erectile  tissues— Dcrivati ve  circulation —Pulmonary  circulation— Cir- 
culation in  the  walls  of  the  heart — Passage  of  the  blood-corpuscles  through  the  walls  of  the  vessels  (dia- 
pedesis)— Rapidity  of  the  circulation— Phenomena  in  the  circulatory  system  after  death. 

Ix  man  and  in  all  animals  possessed  of  a  double  heart,  each  cardiac  con- 
traction forces  a  charge  of  blood  from  the  right  ventricle  into  the  pulmo- 
nary artery,  and  from  the  left  ventricle  into  the  aorta ;  and  the  valves  which 
guard  the  orifices  of  these  vessels  effectually  prevent  regurgitation  during  the 
inter\'als  of  contraction.  There  is,  therefore,  but  one  direction  in  which  the 
blood  can  flow  in  obedience  to  this  intermittent  force ;  and  the  fact  that  even 
in  the  smallest  arteries,  there  is  an  acceleration  in  the  current  coincident  with 
each  contraction  of  the  heart,  which  disappears  when  the  action  of  the  heart 
is  arrested,  shows  that  the  ventricular  systole  is  the  cause  of  the  arterial  cir- 
culation. The  arteries  have  the  important  office  of  supplying  nutritive  mat- 
ters to  all  the  tissues  and  furnishing  to  the  glands  materials  out  of  which  the 
secretions  are  formed,  and,  in  short,  are  the  vessels  of  supply  to  every  part  of 
the  organism.  The  supply  of  blood  regulates,  to  a  considerable  extent,  the 
processes  of  nutrition  and  has  an  important  bearing  on  the  general  and  spe- 
cial functions;  and  the  various  physiological  processes  necessarily  demand 
considerable  modifications  in  the  quantity  of  arterial  blood  which  is  furnished 
to  parts  at  different  times.  The  force  of  the  heart,  however,  varies  but  little 
within  the  limits  of  health ;  and  the  conditions  necessary  to  the  proper  distri- 
bution of  blood  in  the  economy  are  regulated  almost  exclusively  by  the  arte- 
rial system.  These  vessels  are  endowed  with  elasticity,  by  which  the  circula- 
tion is  considerably  facilitated,  and  with  contractility,  by  which  the  supply  to 
any  part  may  be  modified,  independently  of  the  action  of  the  heart.  Sudden 
flushes  or  pallor  of  the  countenance  are  examples  of  the  facility  with  which 
this  may  be  effected.  It  is  evident,  therefore,  tliat  the  properties  of  the  coats 
of  tlie  arteries  are  of  great  phv-siologicul  importance. 

Physiological  Axatomy  of  the  Akteuies. 

The  vessels  whicli  carry  the  venous  blood  to  the  luntrs  are  bninches  of  a 
great  trunk  which  takes  its  origin  from  tlie  right  ventricle.  They  do  not 
differ  in  structure  from  the  vessels  which  carry  the  blood  to  the  general  sys- 
tem, except  in  the  fact  that  their  coats  are  somewhat  thinner  and  more  dis- 
tensible.    The  aorta,  brandies  and  ramifications  of  which  supply  all  parts  of 
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the  body,  is  given  off  from  the  left  ventricle.  Just  at  its  origin,  behind  the 
semilunar  valves,  the  aorta  has  three  sacculated  pouches,  called  the  sinuses  of 
Valsalva.  Beyond  this  point  the  vessels  are  cylindrical.  The  arteries  then 
branch,  divide  and  subdivide,  until  they  are  reduced  to  microscopic  size. 
The  branches,  with  the  exception  of  the  intercostal  arteries,  which  make 
nearly  a  right  angle  with  the  thoracic  aorta,  are  given  off  at  an  acute  angle. 
As  a  nile,  the  arteries  are  nearly  straight,  taking  the  shortest  course  to  the 
parts  which  they  supply  with  blood ;  and  while  the  branches  progressively 
diminish  in  size,  but  few  are  given  off  between  the  great  trunk  and  small  ves- 
sels which  empty  into  the  capillary  system.  So  long  as  a  vessel  gives  off  no 
branches,  its  caliber  does  not  progressively  diminish ;  as  the  common  carotids, 
which  are  as  large  at  their  bifurcation  as  they  are  at  their  origin.  There  are 
one  or  two  instances  in  which  vessels,  although  giving  off  many  branches  in 
their  course,  do  not  diminish  in  size  for  some  distance ;  as  the  aorta,  which  is 
as  large  at  the  point  of  division  into  the  iliacs  as  it  is  in  the  chest,  and  the 
vertebral  arteries,  which  do  not  diminish  in  caliber  until  they  enter  the  fora- 
men magnum.  It  has  long  been  remarked  that  the  combined  caliber  of  the 
branches  of  an  arterial  trunk  is  greater  than  that  of  the  main  vessel ;  so  that 
the  arterial  system,  as  it  branches,  increases  in  capacity.  A  single  exception 
to  this  rule  is  in  the  instance  of  the  common  iliacs,  the  combined  caliber  of 
which  is  less  than  the  caliber  of  the  abdominal  aorta. 

The  arrangement  of  the  arteries  is  such  that  the  requisite  supply  of  blood 
is  sent  to  all  parts  of  the  economy  by  the  shortest  course  and  with  the  least 
possible  expenditure  of  force  by  the  heart.  Generally  the  vessels  are  so  situ- 
ated as  not  to  be  exposed  to  pressure  and  consequent  interruption  of  the 
current  of  blood ;  but  in  certain  situations,  as  about  some  of  the  joints,  there 
is  necessjirily  some  liability  to  occasional  compression.  In  certain  situations, 
also,  as  in  the  vessels  going  to  the  brain,  particularly  in  some  of  the  inferior 
animals,  it  is  necessary  to  moderate  the  force  of  the  blood-current,  on  account 
of  the  delicate  structure  of  the  organs  in  which  they  are  distributed.  Here 
there  is  a  provision  in  the  shape  of  anastomoses,  by  which,  on  the  one  hand, 
compression  of  a  vessel  simply  diverts,  and  does  not  arrest  the  current  of 
blood,  and  on  the  other  hand,  the  current  is  rendered  more  equable  and  the 
force  of  the  heart  is  moderated. 

The  arteries  are  provided  with  fibrous  sheaths,  of  greater  or  less  strength, 
as  the  vessels  are  situated  in  parts  more  or  less  exposed  to  disturbing  influ- 
ences or  accidents. 

The  arteries  have  three  well-defined  coats.  As  these  vary  very  consider- 
ably in  arteries  of  different  sizes,  it  will  be  convenient,  in  their  description, 
to  divide  the  vessels  into  three  classes : 

1.  The  largest  arteries ;  in  which  are  included  all  that  are  larger  than  the 
carotids  and  common  iliacs. 

2.  The  arteries  of  medium  size ;  that  is,  between  the  carotids  and  iliacs 
and  the  smallest. 

3.  The  smallest  arteries;  or  those  less  than  i^  to  ^  of  an  inch  (1-7  to 
2*1  mm.)  in  diameter. 
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The  largest  arteries  are  very  strong  and  elastic.  Their  external  coat  is 
composed  of  ordinary  fibrous  tissue,  with  a  few  longitudinal  and  oblique 
fasciculi  of  non-striated  muscular  fibres.  This  coat  is  no  thicker  in  the 
largest  vessels  than  in  some  of  the  vessels  of  medium  size;  and  in  some 
medium-sized  vessels  it  is  actually  thicker  than  in  the  aorta.  This  is  the 
only  coat  that  is  vascular. 

The  middle  coat,  on  which  the  thickness  of  the  walls  of  the  vessel  de- 
pends, is  composed  chiefly  of  yellow  elastic  tissue.  This  tissue  is  disposed  in 
a  number  of  layers.  Externally  there  is  a  thin  layer  of  ramifying  elastic 
fibres,  and  then  a  number  of  layers  of  elastic  membrane,  with  oval,  longitudi- 
nal openings,  an  arrangement  which  has  given  it  the  name  of  the  "  fenes- 
trated membrane."  Between  the  different  layers  of  this  membrane  are  found 
a  few  non-striated  muscular  fibres.  These  muscular  fibres,  however,  are  not 
abundant  and  have  but  little  physiological  importance.  A  small  portion  of 
the  aorta  and  pulmonary  artery  near  the  heart  is  entirely  free  from  mus- 
cular fibres.  In  the  largest  arteries  the  fibres  are  arranged  in  fasciculi,  with 
amorphous  and  fibrous  connective  tissue  running  in  circular,  longitudinal 
and  oblique  directions.  The  longitudinal  and  oblique  fibres  exist  chiefly  in 
the  outer  coat. 

The  internal  coat  of  the  largest  arteries  does  not  differ  materially  from 
the  lining  membrane  of  the  rest  of  the  arterial  system.  It  is  nearly  identical 
in  structure  with  the  endocardium  and  is  continued  throughout  the  vascular 
system.  It  is  a  thin,  homogeneous,  ehistic  membrane,  covered  with  a  layer 
of  elongated  cells  of  endothelium,  with  oval  nuclei,  the  long  diameter  of  the 
cells  and  nuclei  following  the  direction  of  the  vessel.  Between  the  endo- 
thelial cells,  is  an  amorphous  cement-substance,  which  is  rendered  dark  by  a 
solution  of  silver  nitrate,  so  that  this  reagent  clearly  defines  their  borders. 

The  arteries  of  medium  size  possess  considerable  strength,  some  elasticity 
and  very  great  contractility.  In  the  outer  and  inner  coats  there  is  no  great 
difference  between  these  and  the  largest  arteries,  even  in  thickness.  The 
essential  difference  in  the  anatomy  of  these  vessels  is  found  in  the  middle 
coat.  Here  there  is  a  continuation  of  the  elastic  elements  found  in  the 
largest  vessels,  but  relatively  diminished  in  thickness  and  mingled  with  the 
fusiform,  non-striated  muscular  fibres  arranged  nearly  always  at  right  angles 
to  the  course  of  the  vessel.  These  fibres  are  found  chiefly  in  the  inner  layers 
of  the  middle  coat  and  only  in  arteries  smaller  than  the  carotids  and  primi- 
tive iliacs.  In  arteries  of  medium  size,  like  the  femoral,  profunda  femoris, 
radial  or  ulnar,  the  muscular  fibres  exist  in  several  layers.  There  is  no  dis- 
tinct division,  as  regards  the  middle  coat,  between  the  largest  arteries  and 
those  of  medium  size.  As  the  arteries  branch,  muscular  fibres  make  their 
appeamnce  between  the  elastic  layers,  progressively  increasing  in  quantity, 
while  the  elastic  elements  are  diminished  in  their  relative  proportion. 

In  the  smallest  arteries,  the  external  coat  is  thin  and  disappears  just  be- 
fore the  vessels  empty  into  the  capillary  system ;  so  that  the  very  smallest 
arterioles  have  only  the  inner  coat  an<l  a  layer  of  muscular  fibres.  Although 
most  of  the  muscular  fibres  in  the  middle  coat  of  the  arteries  are  arranged 
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at  Tight  angles  to  the  course  of  tlie  vessels,  nearly  all  of  the  arteries  in  the 
human  subject  are  providetJ  with  longituclinnl  lunl  nbliqne  miist'iilarfa^iculi, 
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which  are  sometiin na  oxtoniul,  sometimes  internal  and  sometimes  on  both 
8i<kt8  of  the  circular  iHyen-i. 

The  middle  coat  is  compose*!  of  circular  nniscular  fibresi,  without  any  ad- 
mixture of  elaatin  elements.  In  vessels  Y*ihr  ^^  ^^  mch  (*^54  ^)  in  diameter, 
there  are  two  or  three  layers  of  fibres;  but  nearer  the  capillaries  at»d  m  the 
vessels  lone  the  external  fibrous  coat,  these  fibres  exist  in  a  single  layer. 

The  internal  coat  pre^eni*?  no  essential  difference  from  the  coat  in  other 
vesweLs  with  the  exception  that  the  endothelium  is  rather  le^JS  distinctly 
nuirkeii. 

A  tolerably  rieh  plexus  of  vessels  is  found  in  the  external  coat  of 
the  arteries.  These  are  called  vasa  vasonim  and  come  from  the  adjacent 
«rt**riole5,  frenerally  having  no  direct  connection  with  the  vchscI  on  which 
they  are  distributed*  A  few  vessels  penetrate  the  external  layers  of  the  mid- 
dk  cotiti  but  none  are  ever  found  in  the  internal  coat. 

Nervous  filaments  accompany  the  arteries  in  all  probability,  to  their  re- 
motest ntmifications.  These  are  not  distribute*!  in  the  walls  of  the  large 
TCfliseldy  but  follow  them  in  their  course,  their  filaments  of  distribution  being 
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found  in  those  vessels  in  which  the  muscular  element  of  the  middle  coat  pre- 
dominates, TliG  VHi^-motor  nerves,  as  they  are  called,  play  an  important 
part  in  regulating  tho  processes  of  nutrition. 

Caurse  of  the  Blood  in  the  Arteries. — With  every  pulsation  of  the  heart, 
all  the  hlood  contained  in  the  ventricles,  excepting  perhaps  a  few  drops,  is 
force<l  into  the  great  vesselis.  The  vah'ular  arrangement  by  which  the  blood, 
onceforce<l  into  these  vessels,  is  pi^eventeii  from  returning  into  the  ventricles 
during  their  diastole,  has  already  been  described.  The  foregoing  sketch  of  the 
anatomy  of  the  arteries  indicates  a  complexity  of  plienomena  in  the  circula- 
tion in  these  vessels,  which  would  not  obtain  if  they  were  simple,  inelastic 
tubes.  In  this  case,  the  intermittent  force  of  the  heart  would  be  felt  oc^ually 
in  all  the  vessels,  and  the  arterial  circulation  would  be  subject  to  no  modifi- 
cations which  did  not  oon^e  from  the  acftion  of  the  central  org;in.  Xb  it  is, 
the  blood  is  received  from  t!ie  heart  into  vessels  endowed,  not  only  with  great 
elasticity,  but  with  contractility.  The  elasticity,  which  is  the  prominent 
properly  of  the  largest  arteries,  moderates  the  intermittency  of  the  heart*a 
action,  providing  a  continuous  supply  to  the  parts;  while  the  contractility  of 
the  smallest  arteries  is  ca[>able  of  increasing  or  diminishing  the  supply  in  any 
part,  as  may  be  requiretl  in  the  various  functions. 

Elasiirity  of  ike  Arteries, — This  property  is  particularly  marked  in  the 
largest  vessels.  If  the  aorta  be  forcibly  distended  with  water,  it  may  be  di- 
lated to  more  than  double  its  ordinary  capacity  and  will  resume  its  original 
size  and  form  as  soon  as  the  pressure  is  removed,  its  elasticity  being  absolutely 
perfect.  This  simple  exi)eriment  shows  that  if  the  force  of  the  heart  be 
sufficient  to  distend  the  great  vessels,  their  elasticity  during  the  int^rt^iUs  of 
its  action  must  be  continually  forcing  the  blood  toward  the  periphery.  The 
fact  that  the  arteries  are  distended  at  each  systole  has  been  shown  by  direc-t 
experiments;  although  the  immense  capacity  of  the  arterial  system,  as  com- 
pared with  the  small  charge  of  bhxjd  wliich  enters  at  each  pulsation,  renders 
the  actual  distention  of  the  vessels  less  than  would  be  expected  from  the  force 
of  the  heail's  contraction. 

Division  of  an  artery  in  a  living  animal  illustrates  one  of  the  important 
phenomena  due  to  the  elastic  and  yielding  character  of  its  walls.  It  is  ob- 
served, even  in  vessels  of  considerable  size,  as  the  carotid  or  femoral,  that  the 
flow  of  blood  is  not  intermittent  but  remittent.  With  e^^h  ventricular  sys- 
tole there  is  a  sudden  and  marked  impulse;  but  during  the  intervals  of  con- 
traction, the  blood  continues  to  flow  with  considerable  force.  In  the  smaller 
vessels,  the  impulse  becomes  less  and  less  marked ;  but  it  is  not  entirely  lost, 
even  in  the  smallest  vessels,  the  flow  becoming  constant  only  in  the  capillary 
system.  That  the  force  of  the  heitrt  is  absolutely  intermittent,  is  shown  by 
the  following  experiment :  If  the  heart  be  exposcil  in  a  living  animal,  and  a 
canula  be  introduced  through  the  walls  into  one  of  the  ventricles,  there  is  a 
powerful  jet  at  each  systole,  but  no  blood  is  discharged  during  the  diastole. 
The  same  absolute  intermittency  of  the  current  is  observed  iu  the  aorta  near 
the  heart.  The  convei-sion  of  the  intermittent  current  in  the  largest  vesseht 
into  a  nearly  constant  flow  in  the  smallest  arterioles  is  effected  by  the  physical 
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property  of  elasticity ;  and  the  intermittent  impulse  may  be  said  to  be  pro- 
gressively absorbed  by  the  elastic  walls  of  the  vessels.  This  modification  of 
the  impulse  of  the  heart  has  great  physiological  importance ;  for  it  is  evi- 
dently essential  that  the  current  of  blood,  as  it  flows  into  the  delicate  capil- 
lary vessels,  should  not  be  alternately  intermitted  and  impelled  with  the  full 
power  of  the  ventricle. 

The  elasticity  of  the  arteries  favors  the  flow  of  blood  toward  the  capillaries 
by  a  mechanism  that  is  easily  understood.  The  blood  discharged  from  the 
heart  distends  the  elastic  vessel,  which  reacts,  after  the  distending  force 
ceases  to  operate,  and  compresses  its  fluid  contents.  This  reaction  would 
have  the  effect  of  forcing  the  blood  in  two  directions,  were  it  not  for  closure 
of  the  valves,  which  renders  regurgitation  into  the  heart  impossible.  The 
inflaence,  then,  can  be  exerted  only  in  the  direction  of  the  periphery.  It  is 
evident,  therefore,  that  in  vessels  removed  a  sufficient  distance  from  the  heart, 
the  force  exerted  on  the  blood  by  the  reaction  of  the  elastic  walls  is  compe- 
tent to  produce  a  very  considerable  current  during  the  intervals  of  the  heart's 
action. 

Contractility  of  the  Arteries. — The  medium-sized  and  smallest  arteries 
contain  non-striated  muscular  flbres ;  and  it  has  been  shown  that  as  a  con- 
sequence of  the  condition  of  these  flbres,  the  vessels  undergo  considerable 
variations  in  their  caliber.  These  changes  in  the  size  of  the  arteries  can  be 
produced  by  stimulation  or  section  of  the  vaso-motor  nerves.  If  the  sympa- 
thetic be  divided  in  the  neck  of  a  rabbit,  the  arteries  of  the  ear  on  that  side 
soon  become  dilated.  If  the  divided  extremity  of  the  nerve  be  stimulated, 
the  vessels  contract  and  may  become  smaller  than  on  the  opposite  side. 
These  experiments  demonstrate  the  contractile  properties  of  the  small  arteries 
and  give  an  idea  how  the  supply  of  blood  to  any  particular  part  may  be  regu- 
lated. The  contractility  of  the  arteries  has  great  physiological  importance. 
As  their  office  is  simply  to  supply  blood  to  the  various  tissues  and  organs,  it 
is  evident  that  when  the  vessels  going  to  any  particular  part  are  dilated,  the 
supply  of  blood  is  necessarily  increased.  This  is  particularly  well  marked  in 
the  glands,  which,  during  the  intervals  of  secretion,  receive  a  comparatively 
small  quantity  of  blood.  The  pallor  of  parts  exposed  to  cold  and  the  flush 
produced  by  heat  are  due,  on  the  one  hand,  to  contraction,  and  on  the  other, 
to  dilatation  of  the  small  arteries.  Pallor  and  blushing  from  mental  emo- 
tions are  examples  of  the  same  kind  of  action. 

The  idea,  which  at  one  time  obtained,  that  the  arteries  were  the  seat  of 
rhythmical  contractions  which  had  a  favorable  influence  on  the  current  of 
blood  is  erroneous ;  and  it  is  hardly  necessary  to  repeat  the  statement  that 
the  cause  of  the  arterial  circulation  is  the  force  of  the  left  ventricle.  It  has 
been  observed,  however,  that  the  arteries  in  the  ear  and  certain  other  parts 
in  the  rabbit  undergo  rhythmical  contractions  and  dilatations,  these  occur- 
ring ten  or  twelve  times  per  minute  (Schiff,  Loven,  Vulpian) ;  but  these 
movements  are  not  to  be  regarded  as  a  contributing  force  in  the  production 
of  the  circulation.  It  is  evident,  on  the  otliei  hand,  that  the  elasticity  of  the 
arteries  must  actually  assist  the  circulation.     The  resiliency  of  the  vessels  is 
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continually  pressing  their  contonta  toward  the  periphen*;  the  dilatation  of 
the  vessels  with  eM^h  i?ystole  of  course  admits  an  increased  quantity  of  blood ; 
and  it  has  been  shown  that  the  same  intermittent  force  exerte*!  on  an  inelas- 
tic tube  will  discharge  a  less  quantity  of  liquid  from  openings  of  equal 
caliber. 

Superadded,  then,  to  the  dire^^t  action  of  the  heart,  physiologists  now^  rei>- 
ognize,  as  a  cause  influencing  the  flow  of  blood  in  the  arteries,  the  resiliency  of 
the  vessels,  esiTecially  of  those  of  large  size,  thi^  force  being  derived  originally 
from  the  heart-  Thus  it  will  be  seen  that  the  arteries  are  constantly  kept 
distended  with  blood  by  the  heart ;  and  by  virtue  of  their  elasticity  and  the 
progressive  increase  in  the  captu^ity  of  this  system  as  they  branch,  the  power* 
ful  contractions  of  the  central  organ  serve  only  t^i  keep  up  an  equable  current 
in  the  capillaries.  The  small  vessels,  by  the  action  of  their  contractile  walK 
regulate  the  loc-al  circulations. 

Locmnotion  of  ihe  Arteries  and  Produetian  of  ike  Pulm. — ^With  each 
contraction  of  the  heart,  the  arteries  are  increased  in  length  and  many  of 
them  undergo  a  considenible  Icjcomotion.  This  may  be  readily  observeii  in 
vessels  which  are  tortuous  in  their  course,  and  is  frequently  very  marked  in 
the  tempoi'ul  artery  in  old  por;4(jns.  The  elongation  may  also  be  observed  by 
watching  attentively  the  point  where  an  artery  bifurcates,  as  at  the  division 
of  the  common  carotid.  It  is  simply  the  mechanical  effect  of  sudden  disten* 
tion,  which,  while  it  increases  the  caliber  of  the  vessel,  causes  an  elongation 
even  more  marked. 

The  finger  placed  over  an  exposed  artery  or  one  which  lies  near  the  sur- 
face experiences  a  sensation  at  every  beat  of  the  heart  as  though  the  vessel 
were  striking  agsdnst  it.  This  has  long  been  observed  and  is  called  the  pulse. 
Ordinarily  it  is  appreciated  when  tlie  current  of  blood  is  subjected  to  a  cer- 
tain degrt»e  of  obstruction,  as  in  the  radial,  which  can  readily  be  c*ompressed 
against  the  bone.  In  an  artery  imbedded  in  soft  parts  which  yield  to  press- 
ure, the  actual  dilatation  of  the  vessel  being  very  slight,  pulsation  is  felt  with 
difficulty,  if  at  all.  When  obstruction  of  an  artery  is  complete^  as  after  t>ing 
a  vessel,  the  pulsation  above  the  pfjint  of  ligature  is  very  marked  and  can  be 
readily  appre^'iated  by  the  eye.  The  explanation  of  this  exiiggeration  of  the 
movement  is  the  following :  Normnlly,  the  bloo^l  passes  freely  through  the 
arteries  and  produces,  in  the  smaller  vessels,  very  little  movement  or  dilata- 
tion ;  when,  however,  the  current  is  obstructed,  as  by  ligation  or  even  com- 
pression with  the  finger,  the  force  of  the  heart  is  not  sent  through  the  vessel 
to  the  jieriphery  but  is  arrested  and  therefore  becomes  more  marked  and 
easily  appre<-iated*  In  vessels  which  have  become  undilatable  and  incom* 
pressible  from  calcare4>us  de|>oaits,  the  pulse  can  not  be  felt.  The  cliaracter 
of  the  pulse  indicates,  to  a  certain  extent,  the  condition  of  the  heart  and 
vessels. 

Under  ordinary  conditions,  the  pulse  may  be  felt  in  all  arteries  that  are 
exposed  to  investigation ;  and  as  it  is  due  to  the  movement  of  the  blood  in 
the  ve^els,  the  prime  cause  of  its  production  is  the  contraction  of  the  left 
ventricle.     The  impulse  given  to  the  blood  by  the  heart,  however,  is  not  felt 
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in  an  the  vessels  at  the  same  in.^tant.  Marey  rcgisti^red  simultaneously  the 
impulse  of  the  heart,  the  pulse  of  the  aorta  and  the  pulse  of  the  femoral 
artery,  and  ascertained  that  tlie  contraction  of  the  yentricle  is  anterior,  in 
pinnt  of  time,  to  the  pulsation  of  the  aorta,  and  that  the  pulsation  of  the 
aorta  precedes  the  pnlse  in  the  femoral*  This  only  eontlrmed  the  views  of 
other  physiologists,  particularly  Weber,  who  described  this  progressive  retar- 
dation of  the  pulse,  estimating  the  ditference  between  the  ventricular  systole 
and  the  pulsation  of  the  artery  in  the  foot  at  one-seventh  of  a  second. 

It  is  e\ident  from  what  is  known  of  the  variationi?  which  occur  in  the 
force  of  the  heart's  action,  the  quantity  of  blood  in  the  vesstOs,  and  from  the 
changes  which  may  take  place  in  the  caliber  of  the  arteries,  that  the  charac- 
tei-s  of  the  pulse  must  he  subject  to  great  variations.  Many  of  these  may  be 
appreciatixi  simply  by  the  sense  of  touch.  Writers  treat  of  the  soft  and  com- 
pressible pulse,  tlie  hard  pulse,  the  wiry  pulse,  the  tln*eady  pulse  etc,  as  indi- 
calirjg  varirnis  conditions  of  tin-  circulatory  system.  The  character  of  the 
pidse.  Jiside  from  its  fi*equency,  has  always  been  regarded  as  of  great  impor- 
timce  in  disease. 

F(/nn  of  the  Ptthe. — It  is  evident  that  few  of  the  chameters  of  a  pulsa- 
tion, occupying  as  it  does  but  one-seventieth  part  of  a  minute,  can  be 
ascertained  by  the  sense  of  touch  alone.  This  fact  Inis  been  appreciated  by 
physiologists,  and  within  the  last  few  years,  instruments  for  registering  the 
pulse  have  been  constructed,  with  the  view  of  analyzing  the  dilatation  and 
movements  of  the  vessels.  The  idea  of  such  an  instrument  was  probably 
suggested  by  the  following  simple  observation :  When  the  legs  are  crossed, 


Fio.  1ti,—Sphifffmograph  o/Marfy. 

IfT^  '     '       '         "'      '         I  ni,  fto  UiAt  tht»  «priD|ar  under  the  scivvi- V  is  dfrfK'lly  nv<»r 

ill-  tilise  are  trfLD»ntitte(l  txi  thf  ictug  and  ligrht  vv«KMiWn  1«»vit 

I.t  Ji  fa*  moved  at  tt  kiiown  rat*»  by  tht*  diK'k'Wui'k  fi.    Tlit^ 

si>|i»r,->Mi~.  IS  >^o  i(ij|MST4  •!  riiai  lf)^'  tii>  ivf^riir'ntji  of  the  TesBel  are  aoeuratoly  amplified  and  ragtsiered 
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with  one  knee  over  the  other,  the  beating  of  the  popliteal  artery  will 
produce  marked  movements  of  the  foot  If  a  lever  provide<i  with  a  mark- 
iug*fj4ant  in  contact  with  a  slip  of  paper  moving  at  a  definite  mte  could  be 
ap]»lied  to  an  artery,  the  point  of  the  lever  would  register  the  movements  of 
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the  vessel  and  its  changes  in  caliber.    The  first  physiologist  who  put  this  in 
practice  was  Vierordt,   who  constructed  quite  a  complex  instrument,  so 
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Flo,  S5. — Sphygmograph  of  Marey  applied  to  the  arm. 

arranged  that  the  impulse  from  an  accessible  artery,  like  the  radiaK  was 
conveyed  to  a  lever,  which  marked  the  movement  upon  a  revolving  cylin- 
der of  paper.  This  instrument  was  called  a  sphygmograph.  The  traces 
made  by  it  were  perfectly  regular  and  simply  marked  the  extremes  of  dilata- 
tion —  exaggenited,  of 
course,  by  the  length  of 
the  lever — and  the  num- 
ber of  pulsations  in  a  giv- 
en time.  The  latter  c«ui 
be  easily  estimated  by 
more  simple  means;  and 
as  the  former  did  not  con- 
vey any  very  definite  physiological  idea,  the  apparatus  was  regaixled  rather 
as  a  curiosity  than  an  instrument  for  accurate  research. 

The  principle  on  whieb  the  instrument  of  Vierordt  was  constructed  was 
correct;  and  it  remained  only  to  devise  one  wbich  would  be  easy  of  ap- 
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Fio.  47.— IVncf  of  Mann/' 
PorUoDS  of  four  trsoes  takeo  In  dlffereiit  coodltioiis  of  Hie  pulseL 

plication  and  produce  a  trace  representing  the  shades  of  dilatation  and 
contnK'tion  of  the  vessels,  in  order  to  lead  to  important  practical  result*. 
These  conditions  are  realized  in  the  sphygmographs  now  in  use,  which  differ 
from  each  other  mainly  in  the  convenience  with  which  they  are  applied, 
the  principle  of  all  being  substantially  that  of  the  sphvgmograph  of  Marey, 
which  is  shown  in  Figs,  '24  mid  25.  The  modern  sphvgnuigraphs  simply 
amplify  the  changes  in  the  caliber  of  the  artery  incident  to  the  pulse;  and 
although  their  application  is,  perhaps,  not  so  easy  as  to  make  these  instni- 
menta  genemlly  useful  in  the  pnvetice  of  medicine,  in  the  hands  of  Marey 
and  other  physiologists,  they  have  led  to  a  definite  krtowledge  of  the 
physiological  characters  of  the  pulse  and  its  modificatioiiB  in  certain  diseases, 
information  which  could  hardly  be  arrived  at  by  other  means  of  investigation. 
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In  short,  their  mechanism  is  so  accurate,  that  when  skillfully  used,  they  give 
on  paper  the  actual  "form  of  the  pulse."  The  modern  instruments, 
applied  to  the  radial  artery,  give  traces  very  different  from  those  obtained 
by  Vierordt,  which  were  simply  series  of  regular  elevations  and  depressions. 
A  comparison  of  these  with  the  traces  obtained  by  Vierordt  gives  an  idea  of 
the  defects  which  have  been  remedied  by  Marey ;  for  it  is  evident  that  the 
dilatation  and  contraction  of  the  arteries  can  not  be  so  regular  and  simple 
as  would  be  inferred  merely  from  the  trace  made  by  the  instrument  of 
Vierordt- 

Analyzing  the  traces  taken  by  Marey,  it  is  seen  that  there  is  a  dilatation 
following  the  systole  of  the  heart,  marked  by  an  elevation  of  the  lever, 
more  or  less  sudden,  as  indicated  by  the  angle  of  the  trace,  and  of  greater 
or  less  amplitude.  The  dilatation  having  arrived  at  its  maximum,  is 
followed  by  reaction,  which  may  be  slow  and  regular,  or  may  be,  and 
generally  is,  interrupted  by  a  second  and  slighter  upward  movement  of  the 
lever.  This  second  impulse  varies  very  much  in  amplitude.  In  some  rare 
instances,  it  is  nearly  as  marked  as  the  first  and  may  be  appreciated  by  the 
finger,  giving  the  sensation  of  a  double  pulse  following  each  contraction  of 
the  heart  This  is  called  the  dicrotic  pulse.  As  a  rule,  the  first  dilatation  of 
the  vessel  is  sudden  and  is  indicated  by  an  almost  vertical  line.  This  is 
followed  by  a  comparatively  slow  reaction,  indicated  by  a  gradual  descent  of 
the  trace,  which  is  not,  however,  absolutely  regular,  but  is  marked  by  a  slight 
elevation  indicating  a  second  impulse.  The  amplitude  of  the  trace,  or  the 
distance  between  the  highest  and  the  lowest  points  marked  by  the  lever, 
depends  upon  the  degree  of  constant  tension  of  the  vessels.  Marey  has 
found  that  the  amplitude  is  in  an  inverse  ratio  to  the  tension ;  which  is  very 
easily  understood,  for  when  the  arteries  are  but  little  distended,  the  force  of 
the  heart  must  be  more  marked  in  its  effects  than  when  the  pressure  of 
blood  is  very  great.  Any  condition  which  facilitates  the  flow  of  blood 
from  the  arteries  into  the  capillaries  will,  of  course,  relieve  the  tension  of 
the  arterial  system,  lessen  the  obstacle  to  the  force  of  the  heart,  and  increase 
the  amplitude  of  the  pulsation,  and  ince  versd.  In  support  of  this  view, 
Marey  has  found  that  cold  applied  to  the  surface  of  the  body,  contracting,  as 
it  does,  the  smallest  arteries,  increases  the  arterial  tension  and  diminishes  the 
amplitude  of  the  pulsation,  while  a  moderate  elevation  of  temperature  pro- 
duces an  opposite  effect. 

In  nearly  all  the  traces  given  by  Marey,  the  descent  of  the  lever  indicates 
more  or  less  oscillation  of  the  mass  of  blood.  The  physical  properties  of  the 
larger  arteries  render  this  inevitable.  As  they  yield  to  the  distending 
influence  of  the  heart,  reaction  occurs  after  this  force  is  taken  off,  and  if  the 
distention  be  very  great,  gives  a  second  impulse  to  the  blood.  This  is  quite 
marked,  unless  the  tension  of  the  arterial  system  be  so  great  as  to  offer  too 
much  resistance.  One  of  the  most  favorable  conditions  for  the  manifesta- 
tion of  dicrotism  is  diminished  tension,  which  is  always  found  coexisting 
with  a  very  marked  exhibition  of  this  phenomenon. 

Marey  accurately  determined  and  registered  these  various  phenomena,  by 
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observations  on  the  arteries  of  the  human  subject  and  the  lower  animals ;  ami 
by  meaiKs  of  a  *'  Hchenrn^'^  representing  tlie  arterial  system  by  ela^^tic  tubes 
and  tlie  left  ventricle  by  an  elastic  bug  provided  with  valves  and  acting  as  a 
syringe,  he  established  the  conditions  of  tension  etc.,  necessary  to  their  pro- 
duction. In  this  srhetnit,  the  i-egistering  a]>paratU8,  simpler  in  comtruction 
than  tlxe  spljygniogmph,  eould  be  ap]ilied  to  the  tubes  with  more  accuracy 
and  eai*e.  lie  demonstrated  by  exj>eriment^  with  tins  system  of  tubes,  that 
the  amjditude  of  the  pulsations,  tlie  force  of  the  centrai  organ  being  the  same^ 
is  greatest  when  the  tubes  are  moderately  distended,  or  when  the  tension  of 
Huid  is  low,  ;iad  riee  vfrsd.  Ho  ileoiunst rated,  also,  that  a  luw  t4,*usioii 
favors  dicrotism.  In  this  latter  observatioiL,  he  diminished  the  tension  by 
enlarging  the  orifices  by  w^hich  the  fluid  was  discharged  from  the  tube^ 
imitating  the  dilatation  of  the  small  vessels,  by  whii'h  the  tension  is  di- 
minished in  the  arterial  system.  He  also  demonstrateii  that  an  important 
and  essential  element  in  the  protluction  of  dicrotism  is  the  tendency  to 
oscillation  of  the  fluid  in  the  vessels  during  t!ie  intervals  between  the  con- 
tmctioiis  of  the  hearL  Tliis  can  only  occur  in  a  fluid  whi'.di  has  a  cer- 
tain weight  and  acquires  a  velocity  from  the  impulse;  for  when  air  wsis 
introduced  into  the  apparatus,  dicrotism  could  not  be  produced  under  any 
conditions,  as  the  fluid  did  not  possess  weight  enoiigli  to  oscillate  betWL^*n 
the  impulses.  Water  produced  a  well  marked  dicrotic  impulse  under  favor* 
able  conditions;  and  with  mercury,  the  oscillations  made  two,  three  or 
more  distinct  impulses.  By  these  ex]}eriments,  he  proved  that  the  blood 
oscillates  in  the  vessels,  if  this  movement  be  not  suppressed  by  too  great 
pressure  or  tension.  This  oscillation  gives  the  successive  rebounds  that  are 
marked  in  the  descending  line  of  the  pulse,  and  is  capable,  in  some  rare 
instunces  when  the  arterial  tension  is  very  slight,  of  producing  a  second 
reliound  of  suthcient  force  to  be  appreciated  by  the  linger. 

Without  treating  of  the  variations  in  the  character  of  tlie  pulse  in 
disease,  due  to  the  action  of  tlie  muscular  coat  of  the  arteries,  it  will  be  use- 
ful to  consider  some  of  tlie  external  modifying  influences  which  come 
within  the  range  of  physiology.  The  smallest  vessels  and  those  of  medium 
size  possess  to  an  eminent  degree  what  is  called  tonicity,  or  the  projierty 
of  maintaining  a  certain  continued  degrt^e  of  contraction.  This  contraction 
is  antagonistic  to  the  distending  force  of  the  blood,  as  is  shown  by  opening 
a  i>ortion  of  an  artery  included  between  two  ligatures  in  a  living  animaU 
when  the  contents  will  be  forcibly  discharged  and  the  caliber  of  that 
portion  of  the  vessel  be  very  much  diminished.  Too  great  distention  of  the 
vessels  by  the  pressuix^  of  blood  seems  to  be  preventeil  by  this  constant  action 
of  the  muscular  coat;  and  thus  the  conditions  are  maintained  which  give 
to  the  pulse  tlie  characters  just  described. 

By  excessive  and  coutinue<l  heat,  the  muscular  tissue  of  the  arteries  may 
be  dilated  so  as  to  offer  less  resistance  to  the  distending  force  of  the  heart 
Under  the^e  conditions,  the  pulse,  as  felt  by  the  finger,  will  be  found  to  be 
larger  and  softer  than  n formal.  Cold,  either  general  or  local,  has  an  o^iposite 
effect;  the  arteries  become  contracted,  and  the  pulse  assumes  a  hainler  and 
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more  wiry  character.  As  a  rule,  prolonged  contraction  of  the  arteries  is  fol- 
lowed by  relaxation,  as  is  seen  in  the  full  pulse  and  glow  of  the  surface  which 
accompany  reaction  after  exposure  to  cold.  It  has  been  found,  also,  that 
there  is  a  considerable  difference  in  the  caliber  of  the  arteries  at  different 
periods  of  the  day.  The  diameter  of  the  radial  has  been  found  very  much 
greater  in  the  evening  than  in  the  morning,  producing,  naturally,  a  variation 
in  the  character  of  the  pulse. 

Pressure  of  Blood  in  the  Arteries. 

The  reaction  of  the  elastic  walls  of  the  arteries  during  the  intervals  of 
the  heart's  action  gives  rise  to  a  certain  degree  of  pressure,  by  which  the 
blood  is  continually  forced  toward  the  capillaries.  The  discharge  of  blood 
into  the  capillaries  has  a  constant  tendency  to  diminish  this  pressure ;  but 
the  contractions  of  the  left  ventricle,  by  forcing  repeated  charges  of  blood 
into  the  arteries,  have  a  compensating  action.  By  the  equilibrium  between 
these  two  agencies,  a  certain  tension  is  maintained  in  the  arteries,  which  is 
called  the  arterial  pressure. 

The  first  experiments  with  regard  to  the  extent  of  the  arterial  pressure 
were  made  by  Hales,  an  English  physiologist,  more  than  a  hundred  years 
ago.  This  observer,  adapting  a  long  glass  tube  to  the  artery  of  a  living  ani- 
mal, ascertained  the  height  of  the  column  of  blood  which  could  be  sustained 
by  the  arterial  pressure.  In  some  experiments  on  the  carotid  of  the  horse, 
the  blood  mounted  to  the  height  of  eight  to  ten  feet  (243  to  304  centi- 
metres). 

If  a  large  artery,  like  the  carotid,  be  exposed  in  a  living  animal,  and  a 
metallic  point,  connected  with  a  vertical  tube  of  smaller  caliber  and  seven  or 
eight  feet  (213  or  243  centimetres)  long  by  a  bit  of  elastic  tubing,  be  secured 
in  the  vessel,  the  blood  will  rise  to  the  height  of  about  six  feet  (183  centi- 
metres) and  remain  at  this  point  almost  stationary,  indicating,  by  a  slight 
pulsatile  movement,  the  action  of  the  heart.  On  carefully  watching  the  level 
in  the  tube,  in  addition  to  the  rapid  oscillation  coincident  with  the  pulse, 
another  oscillation  will  be  observed,  which  is  less  frequent  and  which  corre- 
sponds with  the  movements  of  respiration.  The  pressure,  as  indicated  by  an 
elevation  of  the  fluid,  is  slightly  increased  during  expiration  and  diminished 
during  inspiration.  In  such  experiments,  it  is  necessary  to  fill  part  cf  the 
tube,  or  whatever  apparatus  be  used,  with  a  solution  of  sodium  carbonate,  in 
order  to  prevent  coagulation  of  the  blood  as  it  passes  out  of  the  vessels. 

The  experiment  with  the  long  tube  gives,  perhaps,  the  best  general  idea 
of  the  arterial  pressure,  which  will  be  found  to  vary  between  five  and  a  half 
and  six  feet  of  blood  (170  and  183  centimetres),  or  a  few  inches  more  of 
water.  The  oscillations  produced  by  the  contractir/ns  of  the  heart  are  not 
very  marked,  on  account  of  the  great  friction  in  so  long  a  tube ;  but  this  is 
favorable  to  the  study  of  the  constant  pressure.  It  has  been  found  that  the 
^timates  above  given  do  not  vary  very  much  in  animals  of  different  sizes. 
Bernard,  found  the  pressure  in  the  carotid  of  a  horse  but  little  more  than  in 
the  dog  or  rabbit.     In  the  larger  animals,  it  is  the  force  of  the  heart  which 
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is  increased,  aud  not,  to  any  considerable  extent,  the  constant  presgnre  in  the 
yessels* 

The  experiments  of  Hales  were  made  with  a  ^iew  of  calculating  the  force 

of  the  lieart,  and  were  not  directed  particularly  to  the  modifications  and 
variations  of  the  artc^rial  pri>^sure.  It  i^  only  since  the  experiments 
performed  by  Poiseuille  with  the  h inroad y nam o meter,  in  1828,  that 
physiologista  have  had  any  reliable  data  on  tlds  latter  point.  Poi- 
seuille^s  instrument  for  measurinf^  the  force  of  the  blood  is  a  simple, 
graduated  U-tube,  half  tilled  with  mercury,  with  one  arm  bent  at  a 
right  angle,  so  that  it  can  easily  be  eonne<:'ted  with  the  artery*  The 
pressure  of  tlie  blood  is  indicated  by  a  depression  in  the  level  of  the 
mercury  on  one  side  and  a  corres}>onding  elevation  on  the  other. 
This  instrument  is  generally  considered  as  possessing  great  advan- 
tages over  the  long  glass  tube;  but  for  estimating  simply  the  arterial 
pressure,  it  is  much  less  useful,  as  it  is  more  sensitive  to  the  impulse 
of  the  heart.  For  ttie  study  of  the  cardiac  pressure,  it  has  the  dis- 
advantage, in  the  first  place,  of  considerable  friction,  and  again,  the 
weight  of  the  column  of  mercury  produces  an  extent  of  oscillation 

by  its  mere  impetus,  greater   than   that 
^  ^  which  would  actually  represent  the  alter- 

nation of  systole  and  diastole  of  the  heart. 
An  im|iortant  improvement  in  the 
luematlynamometer  was  made  by  Magen- 
die.  This  apparatus,  the  cardionieter,  in 
which  Bernard  made  some  important  motl- 
ilications,  is  the  one  now  generally  used. 
It  consists  of  a  small  but  thick  glass  bot- 
tle, witli  a  fine,  graduated  glass  tube  about 
twelve  inches  (30*5  centimeti*e^)  in  length, 
communicating  with  it,  either  through  the 
stopper  or  by  an  orifice  in  the  side.  The 
st^jpper  is  pierced  by  a  bent  tube  which  is 
to  be  connected  with  the  blood-vessel. 
The  bottle  is  filled  with  mercury  so  that  it 
will  rise  in  the  tube  to  a  jxunt  which  is 
marked  zero.  It  is  evident  that  the  press- 
ure on  the  mercury  in  the  bottle  will  be  indit^ated  by  an  elevation  in  the 
graduated  tul>e;  and,  moreover,  from  the  fineness  of  the  column  in  the 
tube,  some  iA  the  inconveniences  which  are  due  to  the  weight  of  mercury 
in  the  htemadynamometer  are  avoided,  and  there  is,  also,  less  friction. 
This  instrument  is  appropriately  called  the  cardionieter,  as  it  indicates  most 
accurately,  by  the  extreme  elevation  of  the  mercury,  the  force  of  the  heart ; 
but  it  is  not  as  perfect  in  its  indications  of  the  mean  arterial  pressure,  for  in 
the  abrupt  descent  of  the  mercury  during  the  diastolic  of  the  heart,  the  im- 
petus causes  the  level  to  fall  below  the  real  sttmdard  of  the  constant  pressure. 
Marey  has  corrected  this  difficulty  in  the  "compensating"  instrument,  which 
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JUaytiulit,  a-n  madijied  by  Bt^rnnrd. 
A  iU^otij^  Rlaw*  bottle  is  perforated  at  each 
side  aud  dUini  wRIi  ad  Iron  tube,  with 
au  opeiiiujir,  T,  by  which  the  mercury 
etit«r*.  One  end  of  the  iron  tube  ut 
closed,  and  the  tither  Ls  heut  upward 
aud  connected  with  the  graudateii  f^laysi 
tube  T',  which  haw  a   caliber  of  ^^  to 

Jf  of  an  hjch  r-J  l  to  3  :i  mm.  >,  The  bottle 
»  filled  with  mereury  m,  until  it  rises 
t^  n'  in  the  tube,  which  in  marketl  jcero. 
The  cork  i«  perff>rftted  hj  the  tube  f, 
which  i&  ixujuected  by  a  rubber  tube  e 
with  the  point  C»  which  U  hitt^xluowl 
into  the  veeseL 
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is  constructefi  on  the  following  principle:  Instead  of  a  simple  gUiss  tube 
which  cominunicAtes  with  the  mercury  in  the  bottle,  m  in  Magendie's 
cardioiueter,  there  are  two  tube«, 
on*-*  of  which  is  like*  the  one 
aInuMiy  described  and  represent>s 
08«*illatic»as  produced  by  the 
ho4irU  while  the  other  is  larger, 
»nfl  luis,  ttt  the  lower  part,  a 
constriction  of  its  caliber,  which 
is  her^  reduced  to  capillary  fine- 
0689.  The  latter  tube  is  de* 
;sgiied  to  give  the  mean  arterial 
nre;  the  canstricted  portion 
fering  such  an  obistacle  to  the 
rbe  of  the  mercury  tliat  the  in- 
lerinitteut  action  of  the  heart  is 
not  felt,  the  mercury  rising  slow- 
ly to  a  certain  level,  which  is 
constant  and  varies  only  with 
the  constant  pressure  in  the  ves- 
sel. 

Physiologists  have  only  an 
approximative  idea  of  the  arte- 
rial pi'Cisure  in  the  human  8ub- 
JtH.»t,  derived  from  experimonts 
on  tlie  Inferior  animals.  It  Irns 
already  been  stat-ed  to  be  ecjuiil 
to  about  six  feet  (ls;i  centime- 
tres) of  water  or  six  inches  (150 
mm,)  of  mercury. 

Pre^fiure  in  Different  Arteries. — The  experiments  of  Hales,  Poiseuille, 
Bernai'd  and  others,  seem  to  show  that  the  constant  arterial  pressure  does 
not  vary  much  in  arteries  of  different  sizes.  These  physiologists  experi- 
ment-ed  |>articularly  on  the  carotid  and  crural,  and  found  the  pressure  in 
these  two  vessels  about  the  same.  From  their  experiments  they  concluded 
that  the  force  is  equal  in  all  parts  of  the  arterial  system.  The  experiments 
of  Volkmann,  however,  have  shown  that  this  conclusion  is  not  correct  With 
the  registering  apparatus  of  Ludwig,  he  took  the  pressure  in  tlie  carotid 
and  the  metatarsitl  arteries  and  always  founxi  a  considerable  dilTcrence  in 
favor  of  the  former.  In  an  experiment  on  a  dog,  he  found  the  pressure 
equal  to  about  seven  inches  (lT*i  mm.)  in  the  carotid-^  and  6*(j  inches  (1^)5 
mm.)  in  the  metatarsal  In  an  experiment  on  a  calf,  the  pressure  was  4'G4 
mches  (IIC  mm.)  in  the  carotid,  and  3*50  inches  (89  ram.)  in  the  metur 
tar^ ;  and  in  a  mbbit,  3-^)4  inches  (HI  mm.)  in  the  carotid,  and  3'44  inchea 
(86  mm.)  in  the  cm  ml.  These  experiments  show  that  tlie  pressure  is  notalv 
aolutelj  the  same  in  all  pju-ts  of  the  arterial  system,  that  it  is  greatest  in  the 
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arteries  nearest  the  heart,  and  that  it  gradually  diminishes  toward  the  cjapil- 
laries.  The  flitTereiiee  J3  very  slight,  almost  inappreciable,  except  in  vesaels 
of  very  gmall  size ;  but  hei*e  the  pressure  h  directly  intlueneed  by  the  dis- 
charge of  blood  into  the  capillaries.  The  cause  of  this  diminution  of  press- 
ure in  the  smallest  vessels  h  the  proximity  of  the  great  outlet  of  the  arteries, 
the  eapillary  system  ;  for,  m  will  be  seen  farther  on.  the  tlow  into  the  eapilbi- 
ries  has  a  constant  tendency  Uy  diminish  the  pressure  in  the  arteries. 

hifliient'e  of  Respiration,— it  is  easy  to  see  in  studying  the  arterial  press- 
ure, that  there  is  a  marked  increase  with  expiration  and  a  diminution  with 
inspiration.  Iti  tninquil  respiration  the  influence  upon  tfie  tlow  of  bl«XKl  is 
due  simply  to  the  mechanical  action  of  the  thorax.  With  every  iuspi ration 
the  air-cells  are  enlarged,  as  well  ai?  the  hi oo<l- vessels  of  the  kings,  the  air 
rushes  iu  through  the  trachea  and  the  movement  of  the  blood  in  tlie  veina 
near  the  chest  is  accelerated.  At  the  same  time  the  blood  in  the  arteries  is 
somewhat  retarded  in  its  flow  from  the  thomx,  or  at  least  doe«  not  feel  the 
expulsiive  iufluence  which  follows  with  the  act  of  expiration.  The  arterial 
pressure  at  that  time  is  at  its  ndntmum.  With  the  expiratory  act  the  air  is  ex- 
pelled by  compression  of  the  lungs,  the  flow  of  blood  into  the  thorax  by  the 
veins  is  retanleil  to  a  certain  extent,  while  the  flow  of  blood  into  tlie  arteries 
is  favored.  This  is  strikingly  exbil»ited  iu  the  augmented  force,  with  expi- 
ration, in  the  jet  from  a  divided  artery.  Under  these  conditions  the  ar- 
terial pressure  is  at  its  maximum.  In  perfectly  tranquil  respiration,  the 
changes  due  to  inspiration  and  expiration  are  slight,  presenting  a  diflference 
of  not  more  than  half  an  inch  or  an  inch  (l'2-7  or  25-4  mm.)  in  the  cardi- 
ometer.  When  the  respinitory  movements  are  exaggerated,  the  oscillations 
are  very  much  more  marked. 

Interruption  of  respiration  is  followcil  by  a  very  great  increase  in  the  ar- 
terial pressure.  This  is  due,  not  to  causes  within  the  chest,  but  to  obstruction 
to  the  circulation  in  the  capillaries.  With  an  interruption  of  the  respiratory 
movements,  the  iion -aerated  IJood  passes  into  tlie  arteries  but  can  not  flow 
readily  through  the  capillaries,  and  as  a  consecpience,  the  arteries  are  abnor- 
mally distended  and  the  pressure  is  greatly  increased.  If  respiration  be  per- 
manently arrested,  the  arterial  pressure  becomes,  after  a  time,  dimiidshed  t)o- 
low  the  normal  standard,  and  is  finally  abolished  on  account  of  the  stoppage 
of  the  action  of  the  heart.  If  respimtion  be  resumed  before  the  action  of 
the  heart  has  become  ari'estefl,  the  pressure  soon  returns  t^j  its  normal 
standard. 

Inflnence  nf  Mu»€uhir  AcHon  dc, — Mu.scuhir  effort  considerably  incr 
the  arterial  pressure.  This  is  due  to  two  causes.  In  the  first  place^ 
chest  is  generally  compressed,  and  this  favors  the  flow  of  blood  into  the  great 
vessels.  In  the  seconcl  place,  muscidar  exertion  produces  a  certain  degi^ee  of 
obstruction  to  the  discharge  of  blooil  from  the  arteries  into  the  capillaries. 
Experiments  upon  the  inferior  animids  show  a  great  increase  in  pressure  in 
the  struggles  which  occur  during  severe  operations.  It  has  been  shown  that 
stimulation  of  the  sympathetic  in  the  neck  and  of  certain  of  the  cerebro-s]M- 
nal  nerves  inci'eases  the  arterial  pressure,  probably  from  an  influence  on  the 
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muscular  coats  of  some  of  the  arteries,  causing  them  to  contract  and  thereby 
diminishing  the  total  capacity  of  the  arterial  system. 

Effects  of  Hemorrhage  etc. — Diminution  in  the  quantity  of  blood  has  a 
remarkable  effect  upon  the  arterial  pressure.  If,  in  connecting  the  instru- 
ment with  the  arteries,  even  one  or  two  jets  of  blood  be  allowed  to  escape,  the 
pressure  will  be  found  diminished  perhaps  one-half  or  even  more.  It  is 
hardly  necessary  to  discuss  the  mechanism  of  the  effect  of  the  loss  of  blood 
on  the  tension  of  the  vessels,  but  it  is  remarkable  how  soon  the  pressure  in 
the  arteries  regains  its  normal  standard  after  it  has  been  lowered  by  haemor- 
rhage. As  the  pressure  depends  largely  upon  the  quantity  of  blood,  as  soon 
as  the  vessels  absorb  the  serosities  in  sufficient  quantity  to  repair  the  loss, 
the  pressure  is  increased.  This  takes  place  in  a  very  short  time,  if  the  loss 
of  blood  be  not  too  great. 

Experiments  on  the  arterial  pressure,  with  the  cardiometer,  have  verified 
the  fact  stated  in  treating  of  the  form  of  the  pulse ;  namely,  that  the  pressure 
in  the  vessels  bears  an  inverse  ratio  to  the  distention  produced  by  the  con- 
tractions of  the  heart.  In  the  cardiometer,  the  mean  height  of  the  mercury 
indicates  the  constant,  or  arterial  pressure ;  and  the  oscillations,  the  disten- 
tion produced  by  the  heart.  It  is  found  that  when  the  pressure  is  great,  the 
extent  of  oscillation  is  small,  and  vice  versd.  It  will  be  remembered  that 
the  researches  of  Marey  demonstrated  that  an  increase  of  the  arterial 
pressure  diminishes  the  amplitude  of  the  pulsations,  as  indicated  by  the 
sphygmograph,  and  that  the  amplitude  is  very  great  when  the  pressure  is 
slight.  It  is  also  true,  as  a  general  rule,  that  the  force  of  the  heart,  as  in- 
dicated by  the  cardiometer,  bears  an  inverse  ratio  to  the  frequency  of  its  pul- 
sations. 

Depressor  Nerve  of  the  Circulation. — Cyoh  and  Ludwig  have  described 
a  nerve  arising  in  the  rabbit,  by  two  roots,  one  from  the  main  trunk  of  the 
pneumogastric  and  the  other  from  the  superior  laryngeal  nerve,  which  joins 
the  sympathetic  filaments  in  the  chest  and  passes  to  the  heart.  In  man  the 
depressor  nerve  is  not  isolated,  but  its  fibres  are  contained  in  the  sheath  of 
the  pneumogastric.  This  nerve  has  a  reflex  action,  as  was  shown  by  the  ex- 
periments of  Cyon,  its  Faradization  reducing  the  arterial  pressure  by  one- 
third  or  one-half.  This  action  is  known  to  be  reflex,  for  when  the  nerve  is 
divided,  stimulation  of  the  central  end  affects  the  arterial  pressure,  while  no 
such  result  follows  stimulation  of  the  peripheral  extremity ;  and  the  effect  is 
manifested  when  the  pneumogastrics  have  been  divided  and  no  direct  ner- 
vous influence  is  exerted  over  the  heart.  It  is  thought  that  the  reduction  in 
the  arterial  pressure  following  stimulation  of  the  so-called  depressor  nerves 
is  due  mainly  to  the  action  of  the  splanchnic  nerves,  by  which  the  abdominal 
vessels  become  largely  dilated.  If  the  abdomen  be  opened  and  one  or  more 
of  the  splanchnic  nerves  be  divided,  the  arterial  pressure  is  immediately 
diminished,  and  the  pressure  is  restored  if  the  divided  ends  of  the  nerves 
be  stimulated.  If,  after  division  of  the  splanchnic  nerves  and  the  conse- 
quent diminution  of  the  arterial  pressure,  the  depressor  nerves  be  stimulated, 
the  pressure  still  undergoes  some  additional  diminution,  but  this  is  much  less 
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than  the  diminution  which  follows  stimulation  of  the  depressor  nerves  with- 
without  section  of  the  splam-hnics, 

Rapiditif  of  (he  Cnrrvut  of  Bhod  in  (ha  Arlerim^ — The  qnestion  of  the 
rapidity  of  the  arterial  circulation  has  long  engaged  the  attention  of  physiol- 
ogists; hut  the  experiments  of  Volkmann,  with  his  hiemadrometer,  and  of 
Yierordt,  with  a  |>eculiar  inBtrumeut  which  he  devised  for  the  purpot«c,  did 
not  lead  to  results  that  were  entirely  reliable.  The  apparatus  devLsed  by 
ChauvcaiL,  however,  is  mueli  more  satisfactory.  Thi^*  will  give,  by  calcula- 
tion, the  actual  rapidity  tjf  the  circulation,  and  it  also  indicates  the  variations 
in  velocity  which  ijccnr  at  differt*nt  periods  of  the  heart's  action. 

The  iustrumeut  to  he  applietl  to  the  carotid  of  tlie  horse  consists  of  a  thin 

bniss  tube,  about  an  inch  and  a  half 
(38"  1  ram.)  in  length  and  of  the  di- 
ameter of  the  artery  (about  three- 
eighths  of  an  inch,  or  9'5  mm-), 
which  is  provided  with  an  oblong, 
longitudinal  openings  or  window, 
near  the  middle^  about  two  lines 
(4*2  mm.)  long  and  one  line  (2^1 
mm.)  wide*  A  piece  of  thin,  vul- 
canized rubber  is  wound  around 
the  tube  and  firmly  tied  so  as  to 
cover  tliis  opening*  Through  a 
transver^se  slit  in  the  rubber,  is  in- 
troduced a  very  light,  metallic  nee- 
dle, an  inch  and  a  half  (38-1  mm.) 
in  length  and  flattened  at  its  lower 
part.  This  is  made  to  project  about 
half-way  into  tli©  caliber  of  the 
tube.  A  flat,  semicircular  piece  of 
metal,  divider!  into  aTi  arbitrary 
scale,  is  attached  to  the  tube,  t-o  indicate  the  deviations  of  the  point  of  the 
needle. 

The  apparatus  is  introduced  into  the  carotid  of  a  horse^  by  making  a  slit  in 
the  vessel,  introducing  first  one  end  of  the  tube  directed  toward  the  heart, 
then  allowing  a  little  blood  to  enter  the  instrument,  so  fis  to  expel  the  air, 
and,  wlien  ftdl,  introducing  the  other  end,  securing  the  whole  by  ligatures 
above  and  below. 

When  the  circulation  is  arrested,  the  needle  should  l>e  vertical,  or  mark 
zero  on  the  scale.  When  tJie  flow  is  established,  a  deviation  of  the  needle 
occurs,  which  varies  in  extent  with  the  ra[ndity  of  the  current-  Having 
removed  all  pressure  from  the  vessel  so  as  to  allow  tlie  current  to  i-esume 
i\A  normal  character,  the  deviations  of  the  needle  are  carefully  noted,  as  they 
occur  with  the  systole  of  the  heart,  w^ith  the  diastcdc  etc.  After  withdrawing 
the  instrument,  it  is  applied  to  a  tube  of  the  size  of  the  artery,  in  which  a 
current  ot  water  is  made  to  pass  with  a  rapidity  which  will  produce  the  same 


FiQ,  3<i  —  ^7hi?uv  <rt<\  iiii^trument  fur  measuring  tht 
rtifti'tity  of  th^jioit'  o/btoijd'in  the  arterie*. 

Tli*»  insimnM  lit  vimved  in  fm^—a,  the  tul*e  to  bf*  fixed 
in  th*»  v#f!«r>|  ;  ft,  the  iliAl  which  marks  the  eict+'nt 
of  movement  of  the  tieeUte  d  ;  <",  a  luteral  tube  for 
the  attauhment  of  a  cardiometer.  if  desired. 
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deviations  as  occurred  when  the  instrument  was  connected  with  tlie  blood- 
vessel. The  rapidity  of  the  current  in  this  tube  may  be  easily  calculated  by 
receiving  the  fluid  in  a  graduated  vessel  and  noting  the  time  occupied  in 
discharging  a  given  quantity.  By  this  means  the  rapidity  of  the  current 
of  blood  is  ascertained.  This  instrument  is  made  on  the  same  principle  as 
the  one  constructed  by  Vierordt,  but  in  sensitiveness  and  accuracy  it  is 
much  superior. 

Rapidity  of  the  Current  in  the  Carotid. — It  has  been  found  that  three 
currents,  with  different  degrees  of  rapidity,  may  be  distinguished  in  the  ca- 
rotid: 

1.  At  each  ventricular  systole,  as  the  average  of  the  experiments  of  Chau- 
veau,  the  blood  moves  in  the  carotids  at  the  rate  of  about  20*4  inches  (510 
mm.)  per  second.  After  this,  the  rapidity  quickly  diminishes  and  the  needle 
returns  quite  or  nearly  to  zero,  which  would  indicate  complete  arrest. 

2.  Immediately  succeeding  the  ventricular  systole,  a  second  impulse  is 
given  to  the  blood,  which  is  synchronous  with  the  closure  of  the  semilunar 
valves,  the  blood  moving  at  the  rate  of  about  8*6  inches  (215  mm.)  per  sec- 
ond.    This  is  the  dicrotic  impulse. 

3.  After  the  dicrotic  impulse,  the  rapidity  of  the  current  gradually  dimin- 
ishes until  just  before  the  systole  of  the  heart,  when  the  needle  is  nearly  at 
zero.  The  average  rate,  after  the  dicrotic  impulse,  is  about  5*9  inches  (147'5 
mm.)  per  second. 

The  experiments  of  Chauveau  correspond  with  the  experiments  of  Marey 
on  the  form  of  the  pulse.  Marey  showed  that  there  is  a  marked  oscillation 
of  the  blood  in  the  vessels,  due  to  a  reaction  of  their  elastic  walls,  following 
the  first  violent  distention  by  the  heart ;  that  at  the  time  of  closure  of  the 
semilunar  valves,  the  arteries  present  a  second,  or  dicrotic  distention,  much 
less  than  the  first ;  and  following  this,  there  is  a  gradual  decline  in  the  disten- 
tion until  the  minimum  is  reached.  According  to  the  observations  of  Chau- 
veau, corresponding  to  the  first  dilatation  of  the  vessels,  the  blood  moves  with 
great  rapidity ;  following  this,  the  current  suddenly  becomes  nearly  arrested ; 
this  is  followed  by  a  second  acceleration  in  the  current,  less  than  the  first ; 
and  following  this,  there  is  a  gnidual  decline  in  the  rapidity,  to  the  time  of 
the  next  pulsation. 

Rapidity  in  Different  Parts  of  the  Arterial  System, — From  the  fact  that 
the  arterial  system  progressively  increases  in  capacity,  there  should  be  found 
a  corresponding  diminution  in  the  rapidity  of  the  flow  of  blood.  There  are, 
however,  many  conditions,  aside  from  simple  increase  in  the  capacity  of 
the  vessels,  which  modify  the  blood-current  and  render  inexact  any  calcula- 
tions made  upon  purely  physical  principles.  There  are  the  tension  of  the 
blood,  the  conditions  of  contraction  or  relaxation  of  the  smallest  arteries,  etc. 
It  is  necessary,  therefore,  to  have  recourse  to  actual  experiments  to  arrive  at 
any  definite  results  on  this  point.  Yolkmann  found  a  great  difference  in  the 
rapidity  of  the  current  in  the  carotid  and  metatarsal  arteries,  the  averages 
being  about  10  inches  (204  mm.)  per  second  in  the  carotid,  and  about  2*2 
inches  (56  mm.)  in  the  metatarsal.  The  same  difference,  although  not  quite 
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BO  marked,  was  found  by  Chauveau,  between  the  carotid  and  the  faoial.  Tlje 
last-named  observer  also  noted  an  important  modifieurion  in  the  chanjicter  of 
the  current  in  the  smaller  vessels*  As  the  vessel?^  are  farther  and  farther  re- 
moved from  the  heart,  the  gystolie  impulse  becomes  rapidh  diminished,  bein^ 
reduced  in  one  experiment  about  two-thirds;  the  dicrotic  impulse  becomes 
feeble  or  mav  even  be  ab<.*lished ;  but  the  constant  flow  is  much  increased  in 
rapidity.  This  fact  coincides  with  the  idcius  Hlre4uly  advanced  with  regard  to 
the  gradual  converision,  by  reason  of  the  elasticity  of  the  vessels,  of  the  ini* 
pulse  of  the  heart  into  first,  a  remittent,  and  in  the  very  smallest  arteries,  a 
nearly  constant  current. 

The  rapidity  of  the  flow  in  any  artery  must  be  subject  to  constant  modifi- 
cations due  to  the  condition  of  the  arterioles  which  are  supplied  by  it.  When 
these  little  vessels  are  dilated,  the  artery  of  course  empties  itself  with  greater 
f^ility  and  the  rapidity  is  increiii?ed.  Thus  the  rapidity  bears  a  relation  to 
the  arterial  pressure ;  as  variations  in  the  pressure  depend  chiefly  on  causes 
which  facilitate  or  retani  the  flow  of  blood  into  the  capillaries.  A  gixKl  ex* 
ample  of  enlargement  ♦»!  the  capillaries  of  a  particular  part  is  in  mastication, 
when  the  salivary  glands  are  brought  iuto  activity  and  the  quantity  of  blood 
which  they  rcH?cive  U  greatly  increiisecL  Chauveau  found  a  great  increase  in 
the  mpidity  of  the  flow  in  the  carotid  of  a  horse  during  mastication.  It  must 
be  remembered  that  in  all  parts  of  the  arterial  system,  the  rapidity  of  the  cur- 
rent of  blood  is  constantly  liable  to  increase  from  tlilatation  of  the  small  ve^ 
sels  and  to  diminution  from  their  contmction. 

Circulation  of  the  Blood  ix  the  Capillaeies. 

Before  entering  upon  the  study  of  the  capillary  circulation,  it  should  be 
distinctly  stated  what  is  meant  by  capillary  vessels  as  distinguished  from  the 
smallest  arteries  and  veins.     From  a  strictly  physiological  point  of  view^  the 

capillaries  are  to  be  regarded  as 
beginning  at  the  situation  where 
the  blood  is  brought  near  enough 
to  the  tissues  to  enable  them  to 
Ay  i^^H  sc^parate  the   matters  necessary 

■^  ^^  for  tlicir   rcgencnition   and   to 

give  up  the  products  of  their 
physiological  wear ;  but  at  pres- 
ent it  is  impossible  to  assign 
any  limit  where  the  vessels  cea^^e 
to  be  simple  carriers  of  blood, 
V''^  HNS4  >^5iJ  and  it  is   not   known   to  what 

jmrt  of  the  vascular  svst^m  the 
processes  of  nutrition  are  exclu- 
sively eonfine^l.     The  divisions 
^    .     _     „  .        .   ,     .  ,  of  the  blood-vessels  must  be,  to 

The  boiiniiarietof  the  cells  <wmpnt-«ib«4iiicebetwr^ii  the   a  Certain  extent,  arbitrarily  dc- 

etuloibeHuuDi^blifceketiixi  MHhfiJlvpr  nitrate.   The  im-     ij^^j         rpi^,    ,„..c.+    ..:»«».l.u     ^^A 
d4?l  of  Uw  eodotbt^liuiH  lire  brought  out  by  Hlaining.         imea.        1  he    most    Simple,    anU 
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what  seems  to  be  the  most  physiological  view,  is  to  regard  as  capillaries  those 
vessels  which  have  but  a  single  coat ;  for  in  these,  the  blood  is  brought  in 
clofieflt  proximity  to  the  tissues.  Vessels  which  are  provided,  in  addition, 
with  a  muscular  or  with  muscular  and  fibrous  coats  are  to  be  regarded 
either  as  small  arteries  or  as  venous  radicles.  This  view  is  favored  by  the 
character  of  the  currents  of  blood  as  seen  in  microscopical  observation  of 
the  circulation  in  transparent  parts.  Here  an  impulse  is  observed  with 
each  contraction  of  the  heart,  until  the  vessels  have  but  one  coat  and  are 
so  narrow  as  to  allow  the  passage  of  but  a  single  line  of  blood-coi-puscles. 

Physiological  Anatomy  of  the  Capillaries, — If  the  arteries  be  followed 
out  to  their  minutest  ramifications,  they  will  be  found  progressively  dimin- 
ishing in  size  as  they  branch,  and  their  coats,  especially  the  muscular  coat, 
becoming  thinner  and  thinner,  until  at  last  they  present  an  internal,  struct- 
ureless coat  lined  by  endothelium  with  oval,  longitudinal  nuclei,  a  middle 
coat  formed  of  but  a  single  layer  of  circular  muscular  fibres,  and  an  external 
coat  composed  of  a  very  thin  layer  of  longitudinal  bundles  of  fibrous  tis- 
sue. These  vessels  are  j^  to  -^  of  an  inch  (62-5  to  125  /x)  in  diameter. 
They  become  smaller  as  they  branch,  and  undoubtedly  possess  the  property 
of  contractility,  which  is  particularly  marked  in  the  arterial  system.  Follow- 
ing the  course  of  the  vessels,  when  they  are  reduced  in  size  to  about  -^  of 
an  inch  (31  ft),  the  external,  fibrous  coat  is  lost,  and  the  vessel  then  presents 
only  the  internal  coat  and  a  single  layer  of  muscular  fibres.  The  vessels 
become  smaller  as  they  branch,  finally  lose  the  muscular  fibres,  and  have  then 
but  a  single  coat    These  last  will  be  regarded  as  the  true  capillary  vessels. 

It  was  formerly  thought  that  the  smallest  vessels,  which  are  described  as 
the  true  capillaries,  were  composed  of  a  single,  homogeneous  membrane, 
iriuT  ^^  W^  ^^  ^^  ^^^^  (1  ^^  1^  P)  t^hick,  with  nuclei  embedded  in  its 
substance,  but  not  provided  with  an  endothelial  lining;  but  it  has  been 
shown  that  the  membrane  is  homogeneous,  eliistic,  perhaps  contractile,  and, 
in  some  parts  at  least,  provided  with  fusiform  or  polygonal  endothelium  of  ex- 
cessive tenuity.  The  borders  of  the  endothelial  cells  may  be  seen  after  stain- 
ing the  vessels  with  silver  nitrate.  In  the  smallest  capillaries  the  cells  are 
narrow  and  elongated  or  fusiform ;  and  in  the  larger  vessels  they  are  more 
polygonal,  with  very  irregular  borders.  The  nuclei  in  the  walls  of  the  vessels 
belong  to  this  layer  of  endothelium.  By  the  same  process  of  staining  with 
silver  nitrate,  irregular,  non-nucleated  areas  are  frequently  brought  into  view ; 
and  it  has  been  supposed  by  some  that  these  indicate  the  presence  of 
8tomat«%  or  orifices  in  the  walls  of  the  vessels. 

The  diameter  of  the  capillaries  is  generally  as  small  as  that  of  the  blood- 
corpuscles,  or  it  may  be  smaller ;  so  that  these  bodies  always  move  in  a  single 
line  and  must  become  deformed  in  passing  through  the  smallest  vessels, 
recovering  their  normal  shape,  however,  when  they  pass  into  vessels  of  larger 
size-  The  capillaries  are  smallest  in  the  nervous  and  muscular  tissue,  retina 
and  patches  of  Peyer,  where  they  have  a  diameter  of  ^nAnr  ^^  ttjW  ^^  ^^ 
inch  (4*25  to  6*25  ft).  In  the  papillary  layer  of  the  skin  and  in  the  mucous 
membranes,  they  are  jj^  to  ^^^rr  ^^  ^^  i^^^^^  (6*25  to  10  ft)  in  diameter. 
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They  are  largest  in  the  gkmds  and  bones,  where  they  are  -nrVir  ^  iAt» 
of  an  inch  (8'3  to  l'^%*>  ^)  in  diunicter.  These  meaaiireinents  indicate  the 
size  of  the  vessels  and  not  tlieir  raliher.  Taking  out  tlie  thickneiis  of  their 
wall^  it  is  only  the  very  largest  of  them  that  will  allow  the  passage  of  i\ 
blood*disk  without  a  change  in  its  form.  The  average  length  of  the  capil- 
lary vei^seU  is  about  ^  of  an  inch  (<^5  nim.)> 


A'^^ 


i^i' 
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ffita  tff  tiui  urinarj/  htttddtfr  of  the  frog : 
United  StateA  Army  Mt^dleal  )lu8eiimK 


FlCK  8L — Smatl  artery  and  capillarie* /Tfjut  •htr  apuy 

wnagiUfi^ti  4IM  diameter*  ^f rom  a  phoUifri  it  the  United  StateA  Army  1 

Tills  preparatian  showa  tbeendotln'tium  of  ih^-  ^f  >,>•  ix.     It  is  Inject*^!  with  silv<?r  oitraU*,  staioed  with 
oarmiue  and  mounted  ld  Caiiodu  balsam. 


ITiilike  the  arteries,  which  grow  smaller  as  they  branch,  and  the  veina, 

which  become  lar«:or,  in  following  the  course  of  the  l»lood,  by  union  witli 
c^icli  other,  the  capillaries  form  a  true  plexus  of  vessels  of  nearly  unifonu 
^liameter,  branching  and  inosculating  in  ever}^  direction  and  distributing 
bUM>d  to  the  parts  m  their  physiological  neeessities  demand.  This  mode  of 
inoficuktion  in  peculiur  to  these  vesi^els,  and  the  plexus  is  rich  in  the  tissues, 
aa  a  general  rule,  in  proportion  to  the  activity  of  their  nutrition.  Althougli 
their  tirrarjgeuicnt  presents  cerUin  differences  in  ditTerent  organs,  the  capil- 
lary vessels  hiive  everywhere  the  same  general  cbaraetenstics,  the  most  promi- 
nent of  which  are  the  nearly  uniform  diameter  and  an  absence  of  any  definite 
direction.  The  net-work  thus  formed  is  very  rich  in  the  substance  of  the 
glands  and  in  the  organs  of  absoqition ;  but  the  vessels  are  distended  with 
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blood  only  during  the  physiological  activity  of  these  parts.  In  the  lungs  the 
meshes  are  particularly  close.  In  other  parts  the  vessels  are  not  so  abun- 
dant, presenting  great  variations  in  different  tissues.  In  the  muscles  and 
nerves,  in  which  nutrition  is  very  active,  the  supply  is  much  more  abundant 
than  in  other  parts,  like  fibro-serous  membranes,  tendons  etc.  In  none  of 
the  tissues  do  the  capillaries  penetrate  the  anatomical  elements  of  the  part, 
as  the  ultimate  muscular  or  nervous  fibres.  Some  tissues  receive  no  blood,  or 
at  least  they  contain  no  vessels  which  are  capable  of  carrying  red  blood,  and 
are  nourished  by  imbibition  of  the  nutrient  plasma  of  the  circulating  fluid. 
Examples  of  these,  which  are  called  extra  vascular  tissues,  are  cartilage,  nails 
and  hair. 

The  capacity  of  the  capillary  system  is  very  great.  It  is  necessary  only  to 
consider  the  great  vascularity  of  the  skin,  mucous  membranes  or  muscles,  to 
appreciate  this  fact.  In  injections  of  these  parts,  it  seems,  on  microscopical 
examination,  as  though  they  contained  nothing  but  capillaries ;  but  in  prepa- 
rations of  this  kind,  the  elastic  and  yielding  coats  of  the  capillaries  are 
distended  to  their  utmost  limit.  Under  some  conditions,  in  health,  they 
are  largely  distended  with  blood,  as  in  the  mucous  lining  of  the  alimentary 
canal  during  digestion,  the  whole  surface  presenting  a  vivid-red  color,  indi- 
cating the  great  richness  of  the  capillary  plexus.  Estimates  of  the  capacity 
of  the  capillary  system,  as  compared  with  the  arterial  system,  have  been 
made,  but  they  are  simply  approximative.  The  various  estimates  given  are 
founded  upon  calculations  from  microscopical  examinations  of  the  rapidity 
of  the  capillary  circulation  as  compared  with  the  circulation  in  the  arteries. 
In  this  way,  it 
has  been  estima- 
ted that  the  ca- 
pacity of  the 
capillary  system 
is  between  five 
hundred  and 
eight  hundred 
times  tlnit  of  the 
arterial  system. 
These  estimates, 
however,  must 
be  regarded  as 
mere  supposi- 
tions bjised  up- 
on no  very  ac- 
curate) data. 

Phenonipna  of  the  C(tpillar}i  Cirrvhfion. — Tlie  most  convenient  situation 
for  observation  of  the  capillary  circulation  is  tlie  tongue  or  the  web  of  the 
frog.  Here  may  be  studied,  not  only  the  movement  of  the  blood  in  the  true 
capillaries,  but  the  circulation  in  the  smallest  arteries  and  veins,  the  variations 
in  caliber  of  these  vessels,  especially  the  arterioles,  by  the  action  of  their 
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muscular  coat,  and,  indeed,  the  action  of  vessels  of  considerable  size.  This 
has  been  a  valuable  means  of  studying  the  circulation  in  the  capillaries  as 
contrasted  with  the  flow  in  t!ie  small  arterioi?  and  veins,  and  the  only  one, 
indeed,  which  could  give  any  definite  idea  t*f  the  action  of  the^  vessels. 

In  studying  the  circulation  under  the  microscope,  the  anatomical  di\ision 
of  the  blood  into  corpuscles  and  a  clear  plasma  is  observed-  This  is  peculiarly 
evident  in  cold-blood eii  animals,  the  coq>iiscles  being  com jmra lively  large  and 
floating  in  a  plsusma  which  forms  a  distinct  layer  next  the  walls  of  the  vessel. 

The   leucocytes,  which 


I 


K^^^' 


fQtr/ 


S^^' 


■^.^ 


are  much  fewer  than 
the  red  corpuscles,  are 
generally  found  in  the 
layer  of  plasma. 

In  vessels  of  consid- 
erable size  as  well  as  in 
some  capillaries,  the  cor- 
r^iS-^^rrWI       puscles,  occupying  the 
central    portion,   move 
T^j^g^  ^:^^^^fjr"      ^*1**  much  greAter  ra- 

pid ity  than  the  re^t  of 
the  blood,  leaving  a  lay- 
er of  clear  plasma  at 
the  sides,  wliich  is  near- 
ly niutionless.  This 
phenomenon  is  in  ol>e- 

Y\Ci.^^—CirruiaUnn  in  ihf' ^rrhf^f  ihr  frog''*  toot  {^tki^^rt  dlcnce      tO     a  Tlhvsical 

Tlie  bliiok  S]>it9,  »ane  of  them  f!tArshft|>t*<l,  ar^  citllec'tioii*  of  pjfi^  ,  i    * 

«.  a  v<-iiouf«  tnuik,  tvirii|»'>«r<J  of  thrt-i-  prindpal  brancbt^ (6,  6«  6),  JaW  regulating  the  pas- 

aod  eorvrvd  wilh  a  plexus  of  stnaJier  vt.'sselstc,  c).  #^   i>       •  i  i  i 

gage  of  liquids  through 
capillary  tubes  for  which  they  have  an  attraction,  snch  as  exists,  for  exam- 
ple, l>etween  the  blood  and  tlie  vessels.  In  tubes  reduced  to  a  diameter  ap- 
proximating that  of  the  capiUanes,  the  attractive  force  exertetl  by  their  walls 
u{n>n  a  liquid,  citusing  it  to  enter  the  tube  to  a  certain  distance,  becomes  an 
obstacle  to  the  passage  of  fluid  in  obedience  to  pressure.  Of  course,  as  the 
diameter  of  the  tube  is  reduced,  this  force  becomes  relatively  increased,  for 
a  larger  proportion  of  the  liquid  contents  is  brought  in  contact  with  it.  Iti 
the  smallest  arteries  and  veins,  and  still  more  in  the  capillaries,  the  capillary 
attraction  is  sufficient  to  produce  the  motionless  layer^  sometimes  called  the 
*'  still  layer,"  and  the  liquid  moves  only  in  tlie  central  jiortion.  The  plasma 
occupies  the  position  next  the  walls  of  the  vessels,  for  it  is  this  pirtiou  of  the 
blood  which  is  capable  of  "  wetting  "  the  tubes.  The  transparent  layer  was 
observed  by  Malpighi,  Hallcr  and  all  wlio  have  described  the  capillary  circu- 
lation. Poiseuille  recognized  its  true  relation  to  the  hlo<xl -cur rent  and  ex- 
plained the  phenomenon  of  the  still  layer  by  physical  laws,  which  luid  been 
prcriously  established  with  regard  to  the  flow  of  liquids  in  tubes  of  the  di- 
ameter of  one  twenty-fifth  to  one  one-eighth  of  an  iru'h  (1  to  \V'l  mm.),  but 
which  he  had  succeeded  in  applying  to  tubes  of  the  size  of  Llie  capillaiues. 
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A  red  corpuscle  acca^ionally  becomes  involved  in  the  stOI  lajer,  when  it 
ftiOTes  dowly,  turning  over  und  over.,  or  even  remains  stationary  for  a  time, 


■^^i-'TigiL" 
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a^.—Smfill  artrry  and  cninh'.H-irft  /mm   11,^  hmg  of  a  frofj:  maanifyfii  500  diamttert  (from  a 
pixotograph  taken  nt'the  Uuiled  t^iatea  Army  MwileA)  Muijeuiin* 

until  it  is  taken  up  again  and  carried  along  M^tli  the  eentral  currtmr.  A  few 
knuNx^vte:?  are  constantly  seen  in  this  layer*  They  move  along  sluwly  and 
apparently  liave  a  tendency  to  adhere  to  the  walls  of  the  vessel.  This  is  due 
to  the  adhesive  character  of  the  surface  of  the  white  corpuscles  as  compared 
ilh  the  red,  which  can  easily  be  observed  in  examining  u  drop  of  blood 
tween  gla**s  i^uHaces,  the  re<J  corpuscles  moving  about  freely,  while  the 
white  corpuiscles  have  a  tendency  to  adhere  to  the  glass. 

Great  dilTerencea  exist  in  the  character  of  the  flow  of  blood  in  the  thru*.^ 
varieties  of  vessels  which  are  under  observation.  In  the  arterioles,  which 
may  be  distingnished  from  the  capillaries  bv  their  si/.e  and  the  presence  of 
the  muscular  and  fibrous  coats,  the  movement  is  distinctly  remittent,  even  in 
their  most  minute  ramifications.  The  blood  moves  in  them  with  much 
ter  rajiidity  than  in  either  the  capillaries  or  veins.  They  become  smaller 
they  branch,  and  carry  tlie  blood  always  in  the  dLrectiou  of  the  capillaries. 
The  vein.^  which  are  relatively  larger  than  the  arteries,  carry  the  bbxKl 
Diorc*  slowly  and  in  a  continuous  stream  from  the  capillaries  toward  the 
heart.      In   both  tl)c  nrt^Ties  and  veins  the  current  is  frequently  so  rapid 
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that  the  form  of  the  eorpuscles  caii  not  be  distingaished.  Only  a  few  of 
the  white  corpuscles  occupy  the  still  layer,  the  othera  being  carried  on  in  the 
central  current. 

The  circulation  in  the  true  capillaries  is  gni  gejwrh.  Here  the  blood  b 
distributed  in  every  direction,  in  vesiiels  of  nearly  uniform  diameter.  The 
vessels  are  generally  so  small  tis  to  admit  but  a  siugle  row  of  corpuscles.  In 
a  j^ingle  vessel,  a  line  of  corpuscles  may  be  seen  moving  in  one  directic»n  at 
one  moment,  a  few  moments  after,  tiiking  a  directly  opposite  course.  When 
the  circulation  is  normal,  the  movement  in  the  capillaries  is  alwa}'s  quite 
slow  as  compared  with  the  movement  in  the  aiixjriolos,  and  is  continuous. 
Here,  at  last,  the  intermittent  impulse  of  the  heart  is  lost.  The  corpu  >  1*  - 
do  not  necessarily  circulate  in  all  the  rapillaries  that  are  in  the  field  of  s  >  ^^ 
Certain  vessels  may  not  receive  a  corjmsele  for  some  time,  but  afterward, 
one  or  tw^o  corpuscles  beeome  engaged  in  them  and  a  current  is  estab- 
lished. A  corpuscle  is  sometimes  seen  caught  at  the  angle  where  a  vcsijcl 
divides  into  two,  remaining  tixed  for  a  time^  distorted  and  bent  by  the  force 
of  the  current  It  soon  becomes  released,  and  as  it  enters  the  vessel,  it 
regains  \U  original  form.  In  some  of  the  vessels  of  smallc^^t  size,  the  cor- 
puscles are  sliglitly  de- 
*^^  formed  as  they  pats 
through.  The  scene  is 
changed  with  every  dif- 
ferent part  which  is  ex- 
amined. In  the  tongue, 
in  adtlition  to  the  arte- 
rioles and  venules  with 
the  rich  net-work  of  eai>- 
illarieiJ,  dark  -  Ixirdered 
nerve  -  fibres,  striated 
muscular  fibres,  and  epi- 
thelium can  be  distin- 
guished. In  the  lungTSi 
large,  polygonal  air-eel li* 
are  obser\ed,  boundini 
by  capillary  vessels,  in 
which  the  eorpuf^cles 
move  with  great  rapidi- 
ty, 1 1  has  Ijecn  observetl , 
also,  that  the  larger  veis- 
8el8  in  tlie  hiugs  are 
crowded  to  their  utmost 
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capacity  with  corpuscles,  leaving  no  still  layer  next  the  walls,  such  as  is  seen 
in  the  circulation  in  other  situations. 

Prmture  of  Blood  in  the  Capillaries.— There  is,  apparently,  no  way  of 
directly  estimating  the  pressure  of  blow!  iti  the  capillaries.  If,  however,  a 
gla^  plat^:*  be  placed  upon  a  part  in  which  the  capillary  circulation  is  active 
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and  be  weighted  until  the  subjacent  capillaries  are  emptied,  an  approximate 
idea  of  the  blood-pressure  in  the  vessels  may  be  obtained.  Experiments 
made  in  this  way,  by  Von  Kries,  show  that  the  pressure  in  the  capillaries  of 
the  hand  raised  above  the  head  is  equal  to  a  little  less  than  one  inch  (24  mm.) 
of  mercury ;  in  the  hand  hanging  down,  a  little  more  than  two  inches  (54 
mm.) ;  and  in  the  ear,  about  0*8  of  an  inch  (20  mm). 

Rapidity  of  the  Capillary  Circulation, — The  circulation  in  the  capillaries 
of  a  part  is  subject  to  such  great  variations  and  the  differences  in  different 
situations  are  so  considerable,  that  it  is  impossible  to  give  any  definite  rate 
which  will  represent  the  general  rapidity  of  the  capillary  circulation.  It  is 
for  this  reason  that  it  has  been  found  impracticable  to  estimate  accurately 
the  capacity  of  the  capillary  as  compared  with  the  arterial  system.  In  view 
of  the  great  uncertainty  in  the  methods  employed  in  the  estimation  of  the 
rapidity  of  the  flow  of  blood  in  the  capillaries,  it  seems  unnecessary  to  discuss 
this  question  fully.  Volkmann  calculated  the  rapidity  in  the  mesentery  of 
the  dog  and  found  it  to  be  about  one-thirtieth  of  an  inch  (0*85  mm.)  per 
second.  Vierordt  made  a  number  of  curious  observations  upon  himself,  by 
which  he  professed  to  be  able  to  estimate  the  rapidity  of  the  circulation  in 
the  little  vessels  of  the  eye ;  and  by  certain  calculations,  he  formed  an  esti- 
mate of  its  rapidity,  putting  it  at  one-fortieth  to  one-twenty-eighth  of  an 
inch  (0-63  and  0*9  mm.)  per  second,  which  estimate  may  be  provisionally 
adopted  as  the  probable  rate  in  the  human  subject. 

Relations  of  the  Capillary  Circulation  to  Respiration, — In  treating  of  the 
influence  of  respiration  upon  the  action  of  the  heart,  the  arterial  pressure, 
pulse  etc.,  it  has  already  been  stated  that  non-aerated  blood  can  not  circulate 
freely  in  the  capillaries.  Various  ideas  with  regard  to  the  effects  of  asphyxia 
upon  the  circulation  have  been  advanced,  which  will  be  again  discussed  in 
connection  with  the  physiology  of  respiration.  It  is  well  known  that  arrest 
of  respiration  produces  arrest  of  circulation. 

The  immediate  effects  of  asphyxia  upon  the  circulation  are  referable  to 
the  general  capillary  system.  In  a  series  of  experiments  made  in  1857,  the 
medulla  oblongata  was  broken  up,  and  the  web  of  the  foot  wjis  submitted  to 
microscopical  examination.  This  operation  does  not  interfere  with  the  cir- 
culation, which  may  be  observed  for  hours  without  difficulty.  The  cuta- 
neous surface  was  then  coated  with  collodion,  care  only  being  taken  to  avoid 
the  web  under  observation.  The  effect  on  the  circulation  was  immediate. 
It  instantly  became  less  rapid,  until,  at  the  expiration  of  twenty  minutes,  it 
had  entirely  ceased.  The  entire  coating  of  collodion  was  then  instantly  peeled 
off.  Quite  a  rapid  circulation  immediately  began,  but  it  soon  began  to  de- 
<*line  and  in  twenty  minutes  had  almost  ceased.  In  another  observation,  the 
coating  of  collodion  was  applied  witliout  destroying  the  medulla.  Tlie  cir- 
culation was  affected  in  the  same  manner  as  before  and  cetised  in  twenty- 
five  minutes  (Flint).  These  experiments,  Uiken  in  connection  with  observa- 
tions on  the  influence  of  jisphyxia  upon  the  arterial  pressure,  show  that  non- 
aerated  blood  can  not  circulate  freely  in  the  systemic  capillaries.  Xon- 
aeratcil  blood,  however,  can  be  forced  through  them  with  a  syringe,  and 
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even  in  asphjxia,  it  passes  slowly  into  the  veins.  If  air  be  admitted  to  i 
Inngs  before  the  heart  hai?  lost  its  Cfmtrac*tiljty,  the  oin^ulation  is  re-srtored. 
Xo  differences  in  the  capillary  circulation  have  been  noticed  accompanying 
the  ordinary  acts  of  inspimtion  and  expinition. 

Causes  of  the  CitpiUanj  CircuUition, — The  contractions  of  the  left  vent 
cle  are  evidently  capable  of  giving  an  impulse  t^  the  blood  in  the  smallc 
arterioles ;  for  a  marked  acceleration  of  the  current  accompanving  each  syi- 
tole  can  be  distingui^heti  in  all  but  the  true  capilLiries.  It  has  also  been 
shown  by  experiments  after  death,  that  bbwd  can  be  foi-ced  througli  the 
capillar}*  system  and  returned  by  the  veins  by  a  force  less  than  that  exerted 
by  the  left  ventricle.  This,  however,  can  not  rigidly  be  applied  to  the  nat- 
ural cireulation,  a.s  tlie  smallest  arteries  during  life  are  enflowe<l  ^lith  con- 
tractility, wliicli  is  capable  of  modifying  the  blo<xl-current.  Sharpey  ada^ited 
a  syringe,  with  a  kemadyuamometer  attached,  to  the  aorta  of  a  dog  just 
killed,  and  found  tliat  fresh  defibrinated  blotxl  could  be  made  to  pjiss  through 
the  double  capillary  systems  of  the  intestines  and  liver,  by  a  pressure  of  three 
and  a  hdf  inches  (89  mm.)  of  mercury*  It  spurted  out  at  the  vein  in  a  fnll 
jet  under  a  pre^uro  of  five  inches  (1*^7  mm*)-  In  this  obser\*ation,  the  aorta 
was  tied  just  above  the  renal  arteries  Tlie  same  pressure,  the  ligature  b+^ing 
removed,  forced  the  blood  through  the  capillaries  of  the  inferior  extremities. 

It  is  thus  seen  that  the  pressure  in  the  arteries  w^hich  forces  the  blood 
toward  the  capillaries  is  competent,  unless  o]iposed  by  contraction  of  the 
arterioles,  not  only  to  cause  the  blood  to  circulate  in  the  capillaries,  but  to 
return  it  to  the  heart  by  the  veins ;  and  the  only  questions  to  be  considered 
ere  first,  wh ether  there  be  any  reason  wdiy  the  force  of  tlie  heart  should  not 
operate  ou  the  bloixi  in  the  capillaries,  and  second,  whether  there  be  any 
force  in  these  vessels  which  is  superadded  to  the  action  of  the  heart.  The 
first  of  these  questions  is  answered  by  microscopical  observations  on  the  cir- 
culation, A  distinct  impulse,  following  each  ventricular  systole^  is  observed 
in  the  smallest  arteries;  the  blood  flows  from  them  directly  arid  freely  into 
the  capillaries;  and  there  is  no  ground  for  the  su]>positiou  that  the  force  m 
not  propagated  to  this  system  of  vessels*  There  is,  therefore,  a  force^  the 
action  of  the  heart,  which  is  capable  of  producing  the  cajnllury  circulation  f 
and  there  is  nothing  in  the  phenomena  of  the  circulation  in  these  vessels 
which  is  inconsistent  with  its  full  ojieration.  When  the  heart  ceases  its 
action,  movement  in  the  eapillarie^s  are  sometimes  doe  to  the  contnictions  of 
the  arteries,  an  action  which  has  alre4Miy  been  fully  described*  ]^Iovements 
which  have  been  observed  in  membranes  detached  from  the  bo<iy  were  un- 
doubtedly due  to  the  mere  emptying  of  the  divided  vessels  or  to  ^mple  gravi- 
tation. 

There  is  a  circulation  of  the  blood  in  the  area  vasculosa,  the  first  blood- 
vessels that  are  developed  before  the  heart  is  formed ;  but  there  are  no  defi- 
nite and  reliaiile  observations  which  show  that  there  is  any  regidar  movement 
of  the  blood,  which  can  l>e  likened  to  the  circulation  as  it  is  observed  after 
the  development  of  the  heart,  anterior  to  the  api>earance  of  a  contractile  cen- 
tral organ.     Another  example  of  what  is  supposed  to  l>e  circulation  without 
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the  intervention  of  the  heart  is  in  cases  of  acardiac  foetuses.  Monsters  with- 
out a  heart,  which  have  undergone  considerable  development  and  which  pre- 
sent systems  of  arteries,  capillaries  and  veins,  have  been  described.  All  of 
these,  however,  are  accompanied  by  a  twin,  in  which  the  development  of  the 
circulatory  system  is  quite  or  nearly  perfect. 

Influence  of  Temperature  on  the  Capillary  Circulation, — Within  moder- 
ate limits,  a  low  temperature,  produced  by  local  applications,  has  been  found 
to  diminish  the  quantity  of  blood  sent  to  the  capillaries  and  retard  the  circu- 
lation, while  a  high  temperature  increases  the  supply  of  blood  and  accelerates 
its  current.  Poiseuille  found  that  when  a  piece  of  ice  was  applied  to  the  web 
of  a  frog's  foot,  the  mesentery  of  a  small  warm-blooded  animal  or  to  any  part 
in  which  the  capillary  circulation  can  be  observed,  the  number  of  corpuscles 
circulating  in  the  arterioles  became  very  much  diminished, "  those  which  car- 
ried two  or  three  rows  of  corpuscles  giving  passage  to  but  a  single  row."  The 
circulation  in  the  capillaries  first  became  slower  and  then  entirely  ceased  in 
parts.  On  removing  the  ice,  in  a  very  few  minutes  the  circulation  regained 
its  former  characters.  When,  on  the  other  hand,  the  part  was  covered  with 
water  at  104®  Fahr.  (40°  C),  the  rapidity  of  the  current  in  the  capillaries  was 
so  much  increased  that  the  form  of  the  corpuscles  could  with  difficulty  be 
distinguished. 

Circulation  of  the  Blood  in  the  Veins. 

The  blood,  distributed  to  the  capillaries  of  all  the  tissues  and  organs  by 
the  arteries,  is  colected  from  these  parts  in  the  veins  and  carried  back  to  the 
heart.  In  studying  the  anatomy  of  the  capillaries  or  in  observing  the  passage 
of  the  blood  from  the  capillaries  to  larger  vessels  in  parts  of  the  living  organ- 
ism whicli  can  be  submitted  to  microscopical  examination,  it  is  seen  that 
the  capillaries,  vessels  of  nearly  uniform  diameter  and  anastomosing  in  every 
direction,  empty  into  a  system  of  vessels,  which,  by  union  with  others,  become 
larger  and  larger,  and  carry  the  blood  away  in  a  uniform  current.  These  are 
called  the  venules,  or  venous  radicles.  They  are  the  peripheral  radicles  of 
the  vessels  whieli  carry  the  blood  to  the  heart. 

The  venous  system  may  be  considered,  in  general  terms,  as  divided  into 
two  sets  of  vessels ;  one,  whicli  is  deep-seated  and  situated  in  proximity  to  the 
arteries,  and  the  other,  which  is  superficial  and  receives  the  greatest  part  of 
the  bloo<l  from  the  cutaneous  surface.  The  entire  capacity  of  these  vessels, 
as  compared  with  that  of  the  arteries,  is  very  great.  As  a  general  rule,  each 
vein,  when  fully  distended,  is  larger  than  its  adjacent  artery.  Many  arteries 
are  accompanied  by  two  veins,  as  the  arteries  of  the  extremities ;  while  cer- 
tain of  them,  like  the  brachial  or  spermatic,  have  more  than  two.  Added  to 
these,  are  the  superficial  veins  which  have  no  corresponding  arteries.  It  is 
true  that  some  arteries  have  no  corresponding  veins,  but  examples  of  this 
kind  are  not  sufficient  in  number  to  diminish,  in  any  marked  degree,  the 
great  preponderance  of  the  veins,  both  in  number  and  volume.  It  is  impos- 
sible to  give  an  accurate  estimate  of  the  extreme  capacity  of  the  veins  as 
compared  with  the  arteries,  but  it  must  be  much  greater.     Borelli  estimated 
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that  the  capacity  of  the  veins  was  to  the  capacity  of  the  arteries,  as  4  to  1 ; 
and  liaUer,  as  :^|  to  L    The  jnoportion  is  very  variable  in  different  parts 
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the  body.  In  some  sitimtirms  the  rapacity  of  the  veins  and  arterites  js  annul 
e<puil ;  while  in  otlierji,  as  in  tlie  pia  muter,  the  veins  will  contain,  when  fully 
distended,  .^ix  times  as  mnch  as  the  arteries. 

In  attempting  to  compare  the  qnanlity  of  blocMl  normally  eireuluting  in 
tlie  veins  with  that  contained  in  the  arteries,  suc!i  variations  are  found  at 
d liferent  timen  and  in  ditfcrent  parts,  both  in  tlie  quantity  of  Idood,  nipidity 
of  circulation,  pressure  etc.,  that  a  dctinitc  estimate  is  im[iossible.  It  would  l>e 
unprotltable  to  attempt  even  an  a])proximate  comimrison,  a.s  tlie  variations  in 
the  venous  cireulatiou  eonstitutc  one  of  its  most  important  physiological 
jxHruliarities,  wliich  must  be  fully  appreciated  in  order  to  form  a  just  idea  of 
the  ns68  of  the  veins.  The  arteries  are  always  full,  and  their  tension  m  siiW 
ject  to  comparatively  slitflit  variations.  Following  the  blood  into  the  cajdl- 
laries,  importaut  moditieations  in  the  circuhition  are  oliserved,  with  varying 
physiological  conditions  of  the  parts.  As  would  naturally  be  expected,  the 
condition  of  the  veins  varies  with  the  changes  in  the  eapillarics  from  which 
the  blootl  is  received*     In  addition  to  this,  there  are  independent  variations, 
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as  in  the  erectile  tissues,  in  the  veins  of  the  alimentary  canal  during  absorp- 
tion, in  veins  subject  to  pressure,  etc. 

Following  the  veins  in  their  course,  it  is  observed  that  anastomoses  with 
each  other  form  the  rule,  and  not  the  exception,  as  in  the  arteries.  There 
is  always  a  number  of  channels  by  which  the  blood  may  be  returned  from  a 
part ;  and  if  one  vessel  be  obstructed  from  any  cause,  the  current  is  simply 
diverted  into  another.  The  veins  do  not  present  a  true  anastomosing  plexus, 
such  as  exists  in  the  capillary  system,  but  simply  an  arrangement  by  which 
the  blood  can  readily  find  its  way  back  to  the  heart,  find  by  which  the  vessels 
may  accommodate  themselves  to  the  irequent  variations  in  the  quantity  of 
their  fluid  contents.  This,  with  the  peculiar  valvular  arrangement  which 
exists  in  all  but  the  veins  of  the  cavities,  provides  against  obstruction  to  the 
flow  of  blood  through  as  well  as  from  the  capillaries,  in  which  it  seems  essen- 
tial to  the  proper  nutrition  and  action  of  parts  that  the  quantity  and  course 
of  the  blood  should  be  regulated  exclusively  through  the  arterial  system. 

Collected  by  the  veins  from  all  parts  of  the  body,  the  blood  is  returned  to 
the  right  auricle,  from  the  head  and  upper  extremities  by  the  superior  vena 
cava,  from  the  trunk  and  lower  extremities,  by  the  inferior  vena  cava,  and 
from  the  substance  of  the  heart,  by  the  coronary  veins. 

Structure  and  Properties  of  the  Veins, — The  structure  of  the  veins  is 
more  complex  than  that  of  the  arteries.  Their  walls,  which  are  always  much 
thinner  than  the  walls  of  the  arteries,  may  be  divided  into  a  number  of  layei*8 ; 
but  for  convenience  of  physiological  description,  they  may  be  regarded  as 
presenting  three  distinct  coats.  These  have  properties  which  are  somewhat 
distinctive  for  each,  although  not  as  much  so  as  those  of  the  three  coats  of 
the  arteries. 

The  internal  coat  of  the  veins  is  a  continuation  of  the  single  coat  of  the 
capillaries  and  of  the  internal  coat  of  the  arteries.  It  is  a  simple,  homogene- 
ous membrane,  somewhat  thinner  than  in  the  arteries,  lined  by  a  delicate 
layer  of  polygonal  endothelium,  the  cells  of  which  are  shoi-ter  and  broader 
than  the  endothelial  cells  of  the  arteries. 

The  middle  coat  is  divided  by  some  anatomists  into  two  layers ;  an  in- 
ternal layer,  which  is  composed  chiefly  of  longitudinal  fibres,  and  an  external 
layer,  in  which  the  fibres  have  a  circular  direction.  These  two  layers  are 
intimately  adherent  and  are  quite  closely  attached  to  the  internal  coat.  The 
longitudinal  fibres  are  composed  of  connective-tissue  fibres  mingled  with  a 
large  number  of  the  smallest  variety  of  the  elastic  fibres.  This  layer  con- 
tains a  large  number  of  capillary  vessels  (vasa  vasorum).  The  circular  fibres 
are  composed  of  elastic  tissue,  some  of  the  fibres  of  the  same  variety  as  is 
found  in  the  longitudinal  layer,  some  of  medium  size,  and  some  in  the  form 
of  the  "  fenestrated  membnmo.'"  In  addition,  there  are  inelastic  fibres  inter- 
lacing in  every  direction  and  mingled  with  capillary  blood-vessels,  and  non- 
striated  muscular  fibres.  In  the  human  subject,  in  the  veins  of  the  central 
portion  of  the  nervous  system,  the  dura  mater,  the  pia  mater,  the  bones,  the 
retina,  the  vena  cava  descendens,  the  thoracic  portion  of  the  vena  cava 
ascendens,  the  external  and  internal  jugulars  and  the  subclavian  veins,  there 
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nre  no  muscular  fibres  in  the  middle  coat.  In  the  larger  veins,  such  i 
ab*iominal  vena  cuva,  the  iliac,  eroral,  popliteal  mesenteric  and  axillar}*  ^ 
there  are  both  longitudinal  and  circular  fibres*  In  the  smaller  veins,  the 
fibres  are  circular.  In  the  smalledt  veins,  the  middle  coat  is  composed  of 
tine  fibres  of  connective  tis^^ue  with  a  very  few  muscular  fibres. 

The  external  coat  of  the  veins  is  compo^seii  of  ordinary  fibrous  tissue,  like 
that  of  the  corresponding  coat  of  the  arteries.  In  the  largest  veins^  partica- 
larly  those  of  the  abdominal  cavity,  this  coat  contains  a  layer  of  longitudinal, 
non-striated  muscular  fibres.  In  the  veins  near  the  heart,  are  found  a  few 
striated  fibres,  which  are  continued  on  tfc  the  veins  from  the  auricles.  In  some 
of  the  inferior  animals,  tis  the  turtle,  these  fibres  arc  quite  thick,  and  piiW 
tion  of  the  veins  in  the  immediate  vicinity  of  the  heart  is  very  marked,  in 
nearly  all  veins,  the  external  coat  is  sevend  times  thicker  than  the  internal 
coat.  This  is  most  marked  in  the  larger  veins,  in  which  the  middle  coat, 
particularly  the  layer  of  muscular  fibres,  is  very  slightly  develoi>ed. 

The  venous  sinuses  and  the  veins  which  pass  through  bony  tissue  have 
only  the  internal  coat,  to  which  are  superadded^ a  few  longitudinal  fibres,  the 
whole  being  closely  attached  to  the  surrounding  parts.  As  examples,  may  be 
mentioned  the  sinuses  of  the  dura  mater  and  the  veins  of  the  large  bones  of 
the  skull.  In  the  fii-st  instance,  there  is  little  more  than  the  internal  coat  of 
the  vein  firmly  attached  to  the  surrounding  layers  of  the  dura  mater-  In 
the  second  instance,  tlie  same  thin  membrane  is  adherent  to  canals  forme*! 
by  a  layer  of  compact  bony  ti.^sue.  The  veins  are  much  more  closely  adher- 
ent to  the  surrounding  tissues  than  the  arteries,  particularly  when  they  pass 
between  layers  of  aponeurosis. 

The  peculiarities  in  the  anatomy  of  the  veins  indicate  considerable  dif- 
ferences in  tlieir  proj>erties  as  comjiaretl  with  tlie  arteries.  When  a  vein  is  cut 
across,  its  walls  fall  together,  if  not  8uj)ported  by  atlbesions  to  surrounding 
tissues,  so  that  it«  c^iliber  is  nearly  or  quite  oblitemted.  The  elastic  tissue, 
which  gives  to  the  larger  arteries  their  great  tluekness,  is  very  scanty  in  the 
veins,  and  the  thin  walls  collapse  when  not  sustained  by  liquid  in  the  intiTior 
of  the  vessels. 

Although  with  much  thinner  anrl  ai>parently  weaker  wallt?,  the  veins,  as  a 
rule,  will  resist  a  greater  pressure  than  the  arteries.  Wintringham  (lT4ci) 
showed  that  the  inferior  vena  cava  of  a  sheep,  just  above  the  opening  of 
the  renal  veins,  was  ruptured  by  a  pressure  of  one  hundred  and  seventy-six 
poun<ls  (71)'8  kilos,),  while  the  aorta,  at  a  corre8|K)nding  point,  yielded  to  a 
pressure  of  one  hundretl  and  fifty-eight  pounds  (71 '7  kilos)*  The  strength  of 
the  portiil  vein  was  even  greater,  supporting  a  pressui*e  of  nearly  five  atmos- 
plieres,  bearing  a  relation  to  the  vena  cava  of  six  to  five;  yet  these  vessels  had 
hardly  one-fifth  the  thickness  of  the  arteries  In  the  lower  extremities  in  the 
human  subject,  the  veins  are  much  thicker  and  stronger  than  in  other 
situations,  a  provision  against  the  increased  pressure  to  which  they  are  habtt^ 
ually  subjected  in  the  upright  posture.  Wintringham  noticed  a  singular 
exception  to  the  general  rule  just  given.  In  the  vessels  of  the  glands  and  of 
the  spleen,  the  strength  of  the  sirteries  was  much  greater  than  that  of  the 
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veins.  The  splenic  vein  gave  way  under  a  pressure  of  little  more  than  one 
atmosphere,  while  the  artery  supported  a  pressure  of  more  than  six  atmos- 
pheres. 

The  different  influences  to  which  the  venous  and  arterial  circulations  are 
subject  serve  to  indicate  the  physiological  importance  of  the  great  difference 
in  the  strength  of  the  two  varieties  of  vessels.  It  is  true  that  in  the  arteries 
the  constant  pressure  is  greater  than  in  the  veins ;  but  it  is  nearly  the  same 
throughout  the  arterial  system,  and  the  great  extent  of  the  outlet  at  the 
periphery  provides  against  any  very  great  increase  in  pressure,  so  long  as  the 
blood  is  in  a  condition  which  enables  it  to  pass  into  the  capillaries.  The  mus- 
cular fibres  of  the  left  ventricle  have  but  a  limited  power,  and  when  the  pressure 
in  the  arteries  is  suflBcient,  as  it  sometimes  is  in  asphyxia,  to  close  the  aoi-tic 
valves  so  firmly  that  the  force  of  the  ventricle  will  not  open  them,  it  can  not  be 
increased.  At  the  same  time,  the  pressure  is  being  gradually  relieved  by  the 
capillaries,  through  which  the  blood  slowly  filters  even  when  completely  un- 
aerated.  With  the  veins  it  is  different.  The  blood  has  a  comparatively 
restricted  outlet  at  the  heart  and  is  received  by  the  capillaries  from  all  parts 
of  the  system.  The  vessels  are  provided  with  valves,  which  render  a  general 
backward  action  impossible.  Thus,  restricted  portions  of  the  venous  system, 
from  pressure  in  the  vessels,  increase  of  fluid  from  absorption,  accumulation 
by  force  of  gravity  and  other  causes,  may  be  subjected  to  great  and  sudden 
variations  in  pressure.  The  great  strength  of  these  vessels  enables  them 
ordinarily  to  suffei  these  variations  without  injury ;  although  varicose  veins 
in  various  parts  present  examples  of  the  effects  of  repeated  and  continued 
distention. 

The  veins  possess  a  considerable  degree  of  elasticity,  although  this  prop- 
erty is  not  so  marked  as  it  is  in  the  arteries.  If  a  portion  of  a  vein  distended 
with  blood  be  included  between  two  ligatures  and  a  small  opening  be  made  in 
the  vessel,  the  blood  will  be  ejected  with  some  force,  and  the  vessel  becomes 
much  reduced  in  caliber. 

It  has  been  shown  by  direct  experiment  that  the  veins  are  endowed  with 
the  peculiar  contractility  chanicteristic  of  the  action  of  the  non-striated  muscu- 
lar fibres.  On  the  application  of  electric  or  mechanical  stimulation,  they  con- 
tract slowly  and  gradually,  the  contraction  being  followed  by  a  correspond- 
ingly gradual  relaxation.  There  is  never  any  rhythmical  or  peristaltic 
movement  in  the  veins,  sufficient  to  assist  the  circulation.  The  only  regular 
movements  which  occur  are  seen  in  the  vessels  in  immediate  proximity  to  the 
right  auricle,  which  are  provided  with  a  few  fibres  similar  to  those  which  ex- 
ist in  the  walls  of  the  heart. 

Nerves  from  the  vaso-motor  system  have  been  demonstrated  in  the  walls 
of  the  larger  veins  but  have  not  been  followed  out  to  the  smaller  ramifica- 
tions of  the  vessels. 

Valves  of  the  Veins. — In  all  parts  of  the  venous  system,  except,  in  general 
terms,  in  the  abdominal,  thoracic  and  cerebral  cavities,  there  exist  little  mem- 
branous, semilunar  folds,  resembling  the  aortic  and  pulmonic  valves  of  the 
heart.     When  the  valves  are  closed,  their  convexities  look  toward  the  peripli- 
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erj-  In  the  gi'eat  majoritr  of  instances,  the  valves  exist  in  pairs,  but  thev 
are  occasionally,  although  very  rart^ly  in  the  human  suhject,  fonnJ  in  groups 
of  three.  They  are  seldom  if  ever  found  in  veins  of  a  less  diauieier  than  one 
line  (2*1  mm.).  The  valves  are  formed  in  part  of  the  lining  membrane  of 
the  veins,  with  fine  fibres  of  cunnective  tissue,  elastic  fibres  and  non-striated 
muscular  fihi*es.  There  exists,  also,  a  fibrous  ring  following  the  line  uf 
attachment  of  the  valvular  curtains  to  the  vein,  which  renders  the  vessel 
much  stronger  and  less  dilatntile  heiT  than  in  the  intervals  between  the 
valves.  The  valves  are  most  abundant  in  the  veins  of  the  lower  extremities. 
They  are  generally  situated  just  behnv  the  point  where  a  small  vein  empt 
into  one  of  larger  size,  so  that  the  blcMjd  as  it  enters  finds  an  immediaC 
obstacle  to  passage  in  the  wrong  direction.  The  situation  of  the  %*alve»  may 
be  readily  observe*!  in  any  of  the  superficial  veins.  If  the  How  of  blood  be 
obstructed,  little  knot^  will  be  formed  in  the  congested  vessels,  which  indicate 
the  position  and  action  of  the  valves.  AVhen  the  vein  is  thus  congested  and 
knotted,  if  the  finger  be  pressed  along  the  vessel  in  the  direction  of  the  blood- 
current,  a  porticjn  situated  between  two  Vidves  may  be  entptied  of  blood ;  but 
it  is  impossible  to  empty  any  portion  of  the  vessel  by  pressing  the  blood  in 
the  opposite  direction  (Harvey).  Oti  slitting  open  a  vein,  it  is  easy  to  o!>- 
serve  the  shape,  attachment  and  extreme  delicacy  of  structure  of  the  valves. 
When  the  vessel  is  empty  or  when  fluifl  moves  towaH  the  heart,  the  valves 
are  closely  applied  to  the  walls ;  but  if  liquid  or  air  be  forced  in  the  opj>o8itc 
direction,  they  ]>roje(*t  into  its  caliber,  and  by  the  ap]ilication  of  their  five 
edges  to  each  other,  efTcctually  prevent  any  backward  current.  When  closed 
the  application  of  their  free  edges  form  a  line  wliieh  runs  across  the  vesseL 
It  is  found  that  in  successive  sets  of  valves,  these  lines  are  at  right  angles  to 
each  other,  so  that  if,  in  one  set,  tliis  line  have  a  direction  from  before  back- 
ward, in  the  sets  above  and  below,  the  lines  run  from  side  to  side  (Fabricius). 
There  are  certain  exceptions  to  the  general  proposition  that  the  veins  of 
the  great  cavities  are  not  provided  with  valves.  Valves  are  found  in  the 
p<:>rtal  system  of  some  of  the  inferior  animals,  as  the  horse.  They  do  not 
exist,  however,  in  this  situation  in  the  human  sidjject,  (Generally,  in  following 
out  the  brauelies  of  the  inferior  vena  cava,  no  valves  are  found  until  tlie  cniral 
vein  is  reached ;  but  occasionally  there  is  a  double  valve  at  the  origin  of  the 
external  iliac.  In  some  of  the  inferior  animals,  there  exists  constantly  a 
single  valvular  fold  in  the  vena  cava  at  the  openings  of  the  hepatic,  and  one 
at  the  opening  of  the  renal  vein.  This  is  not  constant  in  the  human  subject. 
Valves  are  found  ii»  tlie  spermatic,  but  not  in  the  ovarian  veins.  A  single 
valvular  fold  has  l>een  described  at  the  opening  of  the  right  spermatic  into 
the  vena  cava.  There  are  two  valves  in  the  azygos  vein  near  its  oj>ening  into 
the  superior  vena  cava.  There  is  a  single  valve  at  the  orifice  of  the  coronary 
vein.  There  are  no  valves  at  the  openings  of  the  hnichio-cephalic  into  the 
superior  vena  cava ;  but  there  is  a  strong,  double  valve  at  the  point  where 
the  internal  jugular  opens  into  tlie  briK^hio-cephalic,  Between  this  point 
and  the  capillaries  of  the  brain,  the  vessels  have  no  valves,  except  in  very 
rare  instances^  when  one  or  two  are  found  in  the  course  of  the  jugular. 
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In  addition  to  the  double,  or  more  rarely  triple  valves  which  have  just 
been  described,  there  is  another  variety,  found  in  certain  parts,  at  the  point 
where  a  tributary  vein  opens  into  a  main  trunk.  This  consists  of  a  single 
fold,  which  is  attached  to  the  smaller  vessel  but  projects  into  the  larger.  Its 
action  is  to  prevent  regurgitation,  by  the  same  mechanism  as  that  by  which 
the  ileo-c»cal  valve  prevents  the  passage  of  matters  from  the  large  into  the 
small  intestine. 

The  veins  are  adapted  to  the  return  of  blood  to  the  heart  in  a  compara- 
tively slow  and  unequal  current.  Distention  of  certain  portions  is  provided 
for ;  and  the  vessels  are  so  protected  with  valves,  that  whatever  influences  the 
current  must  favor  its  flow  in  the  direction  of  the  heart. 

Course  of  the  Blood  in  the  Veins. — The  experiments  of  Hales  and  Sharpey, 
shovring  that  defibrinated  blood  can  be  made  to  pass  from  the  arteries  into 
the  capillaries  and  out  at  the  veins  by  a  pressure  less  than  that  which  exists 
in  the  arterial  system,  and  the  observations  of  Magendie  upon  the  circulation 
in  the  leg  of  a  living  dog,  showing  that  ligation  of  the  artery  arrests  the  flow 
in  the  vein,  have  established  the  fact  that  the  force  exerted  by  the  left  ven- 
tricle is  sufficient  to  account  for  the  venous  circulation.  The  heart  must  be 
regarded  as  the  prime  cause  of  the  movement  of  blood  in  the  veins.  Re- 
garding this  as  definitely  ascertained,  there  remain  to  consider,  in  the  study 
of  the  course  of  the  blood  in  the  veins,  the  character  of  the  current,  the  influ- 
ence of  the  vessels  themselves,  the  question  of  the  existence  of  forces  which 
may  assist  the  vis  a  tergo  from  the  heart,  and  conditions  which  may  interfere 
with  the  flow  of  blood. 

As  a  rule,  in  the  normal  circulation,  the  flow  of  blood  in  the  veins  is  con- 
tinuous and  uniform.  The  intermittent  impulse  of  the  heart,  which  pro- 
gressively diminishes  toward  the  periphery  but  is  still  felt  even  in  the  small- 
est arteries,  is  lost  in  the  capillaries.  Here,  for  the  first  time,  the  blood 
moves  in  a  constant  current ;  and  as  the  pressure  in  the  arteries  is  continu- 
ally supplying  fresh  blood,  that  which  has  circulated  in  the  capillaries  is 
forced  into  the  venous  radicles  in  a  steady  stream.  As  the  supply  to  the 
capillaries  of  different  parts  is  regulated  by  the  action  of  the  small  arteries, 
and  as  this  supply  is  subject  to  great  variations,  there  must  necessarily  be 
corresponding  variations  in  the  current  in  the  veins  and  in  the  quantity  of 
blood  which  these  vessels  receive.  Consequently,  the  venous  circulation  is 
subject  to  very  great  variations  due  to  irregularity  in  the  supply  of  blood, 
aside  from  any  action  of  the  vessels  themselves  or  any  external  disturbing 
influences. 

It  often  happens  that  a  vein  becomes  obstructed  from  some  cause  which  is 
entirely  physiological,  such  as  the  action  of  muscles.  The  great  number  of 
veins,  as  compared  with  the  arteries,  and  their  free  communications  with  each 
other,  provide  that  the  current,  under  these  conditions,  is  simply  diverted, 
passing  to  the  heart  by  another  channel.  When  any  part  of  the  venous  sys- 
tem is  distended,  the  vessels  react  on  the  blood  and  exert  a  certain  influence 
on  the  current,  always  pressing  it  toward  the  heart,  for  tlie  valves  oppose  a 
flow  in  the  opposite  direction. 
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The  intermittent  action  of  the  heart,  which  pervades  tJie  whole  arterial 
system,  is  generally  absorbed,  as  it  were,  in  the  passage  of  the  blood  tliroogh 
the  capillaries ;  but  when  the  arterioles  of  any  part  are  yery  much  relaxed, 
the  cardiac  impulse  may  extend  to  the  veins.  When  the  glands  are  pouring 
out  their  secretions,  the  quantity  of  bkuxl  which  they  receive  m  \Qrx  much 
increased-  It  is  then  ftirniihed  to  supply  material  for  the  swirotion,  and  not 
exclusively  for  nutrition.  If  the  vein  be  opened  at  stich  a  time,  it  ia  found 
that  the  blood  has  not  lost  its  arterial  character,  that  the  quantity  which 
escapes  is  increased,  and  that  the  flow  is  in  an  intermittent  jet,  as  from  a  divided 
artery  (Bernard).  This  U  due  to  the  relaxed  condition  of  the  arteriolog  of 
the  part,  and  the  phenomenon  thus  observed  coDstitutes  the  true  venous 
pnlse.  What  thus  occurs  in  a  restricted  portion  of  the  circulatory  system 
may  take  place  in  all  the  veins,  though  in  a  less  marked  degree,  Paysieians 
have  frequently  noticed,  after  the  blood  has  been  flowing  for  some  time  in 
the  operation  of  venesection,  that  the  color  changes  from  black  to  red  and 
the  stream  becomes  intermittent,  often  leading  the  operator  to  feur  that  he 
has  pricked  the  artery.  In  all  probability  this  is  due  to  the  relaxation  of 
the  arterioles  as  one  of  the  effetrts  of  abstraction  of  blood,  producing  the 
same  condition  that  has  been  noted  in  some  of  the  glands  during  their 
activity. 

Presmtre  cf  Blood  in  the  Veins. — The  pressure  in  the  veins  is  alwan 
much  less  than  in  the  arteries.  It  is  very  variable  in  different  parts  of  the 
venous  s\^tem  and  in  the  same  part  at  different  times.  As  a  rule,  it  is  in 
an  inverse  ratio  to  the  arterial  pressure.  Whatever  favors  the  passage  of  bloQ(3 
from  the  arteries  into  the  capillaries  has  a  tendency  to  diminish  the  arterial 
pressure,  and  as  it  increases  the  quantity  of  blood  which  passes  into  the  veins, 
it  must  increase  the  venous  pressure.  The  great  capacity  of  the  venous  sys- 
tem, its  frequent  anastomoses  and  the  presence  of  valves  which  may  shut  off  a 
portion  from  the  rest,  are  conditions  which  involve  considerable  variations 
in  pressure  in  different  vessels.  It  ha^  been  ascertained  that  as  a  mle^  the 
pressure  is  greatest  at  the  periphery  and  progressively  diminishes  in  the  direc* 
tion  of  the  heart.  In  an  observation  on  tlie  calf,  Volkmann  found  that  with 
a  pressure  of  about  C*5  inches  (105-1  mm.)  of  mercury  in  the  carotid,  the 
pressure  in  the  metatarsal  vein  was  1*1  inch  (US  mm.),  and  but  0-30  (M'l  mm.) 
in  the  jugular.  Analogous  residts  were  obtained  in  the  more  recent  experi- 
ments by  Jacobson,  Muscular  effort  has  a  mtirked  influence  on  the  force  of 
the  circulation  in  certain  veins  and  produces  an  elevation  in  the  pressurep 
As  the  reduced  pressure  in  the  veins  is  due  in  a  measure  to  the  great  rela- 
tive capacity  of  the  venous  system  and  the  free  communications  between  the 
vessels,  it  would  seem  that  if  it  were  {^K>ssible  to  reduce  the  cajmcity  of  the 
veins  in  a  part  and  force  all  the  blood  to  pass  to  the  heart  by  a  single  vessel 
corresponding  to  the  arter}%  the  pressure  in  this  vessel  would  be  greatly 
increased.  Poiseuille  has  shown  this  to  be  the  fact  by  the  experiment  of 
tv'ing  all  the  veins  coming  from  a  part,  except  one  which  had  the  vol- 
ume of  the  artery  by  which  the  blood  was  supplied,  forcing  all  the  blood 
to  return  by  this  single  channel.     This  being  done,  he  found  the  press* 
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nre  in  the  vein  yery  much  increased,  becoming  nearly  equal  to  that  in  the 
artery. 

Rapidity  of  the  Venous  Circulation. — It  is  impossible  to  fix  upon  any 
definite  rate  as  representing  the  rapidity  of  the  current  of  blood  in  the  veins. 
It  will  be  seen  that  various  conditions  are  capable  of  increasing  very  con- 
aiderably  the  rapidity  of  the  fiow  in  certain  veins,  and  that  under  certain 
conditions,  the  current  in  some  parts  of  the  venous  system  is  very  much  re- 
tarded.  Undoubtedly,  the  general  movement  of  blood  in  the  veins  is  very 
much  slower  than  in  the  arteries,  from  the  fact  that  the  quantity  of  blood  is 
greater.  If  it  be  assumed  that  the  quantity  of  blood  in  the  veins  is  double 
that  contained  in  the  arteries,  the  general  average  of  the  current  would  be 
diminished  one-half.  Near  the  heart,  however,  the  flow  becomes  more  uni- 
form and  progressively  increases  in  rapidity. 

As  the  effect  of  the  heart's  action  upon  the  venous  circulation  is  subject 
to  so  many  modifying  influences  through  the  small  arteries  and  capillaries, 
and  as  there  are  other  forces  influencing  the  current,  which  are  by  no  means 
uniform  in  their  action,  estimates  of  the  general  rapidity  of  the  venous  cir- 
culation or  of  the  variations  in  different  vessels  must  necessarily  be  very 
indefinite. 

Causes  of  the  Venous  Circulation. 

In  the  veins  the  blood  is  farthest  removed  from  the  influence  of  the  con- 
tractions of  the  left  ventricle ;  and  although  these  are  felt,  there  are  many 
other  causes  which  combine  to  carry  on  the  venous  circulation,  and  many 
influences  by  which  it  is  retarded  or  obstructed. 

The  great  and  uniform  force  which  operates  on  the  circulation  in  these 
vessels  is  the  vis  a  tergo.  Reference  has  been  made  to  the  entire  adequacy 
of  the  arterial  pressure,  propagated  through  the  capillaries,  to  account  for 
the  movement  of  blood  in  the  veins,  provided  there  be  no  great  obstacles 
to  tlie  current.  The  other  forces  which  concur  to  produce  movement  of 
blood  in  the  veins  are  the  following  : 

1.  Muscular  action,  by  which  many  of  the  veins  are  at  times  compressed, 
thus  forcing  the  blood  toward  the  heart,  regurgitation  being  prevented  by 
the  action  of  the  valves. 

2.  A  suction  force  exerted  by  the  action  of  the  thorax  in  respiration, 
operating,  however,  only  on  the  veins  in  the  immediate  neighborhood  of  the 
chest. 

3.  A  possible  influence  from  contraction  of  the  coats  of  the  vessels 
themselves.  This  is  marked  in  the  veins  near  the  heart,  in  some  of  the  in- 
ferior animals. 

4.  The  force  of  gravity,  which  operates  only  on  vessels  which  carry  blood 
from  above  downward  to  the  heart,  and  a  slight  suction  force  which  may  be 
exerted  upon  the  blood  in  a  small  vein  as  it  passes  into  a  larger  vessel  in 
which  the  current  is  more  rapid. 

The  obstacles  to  the  venous  circulation  are :  pressure  sufficient  to  oblit- 
erate the  caliber  of  a  vessel,  when,  from  the  free  communications  with  other 
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vessels^  the  curretit  is  dmplj  diverted  into  another  channel ;  expiratory 

efforts;  the  contractionB  of  the  right  side  of  the  heart;  and  the  force  of 
gravity,  which  operates,  in  the  erect  posture,  on  the  current  in  all  excepting 
the  veins  of  the  head,  neck  and  parts  of  the  trunk  above  the  heart. 

Influence  of  Muscidar  ContrartioH, — That  the  action  of  muscles  has  c«m- 
siderable  inlluence  on  the  current  of  blood  in  the  veins  gituated  between 
them  and  in  their  substance,  has  long  been  recognized ;  and  this  action  is  so 
marked,  that  the  parts  of  the  venous  system  which  are  situated  in  the  sub- 
stance of  muscles  have  been  compared  by  Chaseaignac  to  a  sponge  full  of 
liquid,  vigorously  pressed  by  the  hand.  It  must  alwap  be  remembered^  how- 
ever, that  although  the  muscles  are  capable  of  acting  on  the  blood  contained 
in  veins  in  their  substance  with  grejit  vigor,  the  heart  u  fully  competent  to 
caiTy  on  the  venous  circulation  without  their  aid ;  a  fact  which  is  exemplify 
in  the  venous  circulation  in  paralyzed  parts. 

It  has  been  shown  by  actual  observations  with  the  hasmadynamometer,  tb»t 
muscular  action  is  capable  of  increasing  the  pressure  in  certain  veins,  Ber* 
nard  found  that  the  pressure  in  the  jugular  of  a  horse,  in  repose,  was  I'i 
inch  (31 '8  mm.) ;  but  the  action  of  the  mugcles  in  raising  the  head  increa^ 
it  to  a  little  more  than  live  inches  (1'27  mm.),  or  nearly  four  times.  Such  ob- 
servations show  at  once  the  great  variations  in  the  current  and  the  impor- 
tant influence  of  muscular  contraction  on  the  venous  circulation. 

In  order  that  contractions  of  muscles  shall  assist  the  venous  circulation, 
two  conditions  are  necessary  : 

1.  The  contraction  must  be  intermittent.  This  is  always  the  case  in  the 
voluntary  muscles.  It  is  a  view  entertained  by  many  physiologists  that  each 
muscular  fibre  relaxes  immediately  after  its  contraction,  which  is  instantane- 
ous, and  that  a  certiiin  period  of  repose  is  necessary  before  it  can  contract 
again.  However  this  may  be,  it  is  well  known  that  all  active  muscular  con- 
traction, as  distinguished  from  the  efforts  necessary  to  maintain  the  body  in 
certain  ordinary  positions,  is  intermittent  and  not  very  prolonged-  Thus 
the  veins,  which  are  partly  emptied  by  the  compression,  are  filled  again 
during  the  repose  of  the  muscle. 

2.  There  should  be  no  possibility  of  a  retrograde  movement  of  tho  blood. 
This  condition  is  fulfilled  by  the  action  of  the  valves.  xVnatomical  researches 
have  shown,  also,  that  these  valves  are  most  abundant  in  veins  situated  in  the 
substance  of  or  between  the  muscles,  and  they  do  not  exist  in  the  veins  of 
the  ea\'ities,  which  are  not  subject  to  the  same  kind  of  compression. 

Force  qf  A»piratien  from  the  Thorax. — During  the  act  of  inspiration,  the 
enlargement  of  the  thorax,  by  depression  of  the  diaphragm  and  elevation  of 
the  ribs,  affects  the  movements  of  fluids  in  all  the  tubc5  in  its  vicinity.  The 
air  enters  by  the  trachea  and  expands  the  limgs  so  that  they  follow  the  move- 
ments of  the  thoracic  walls.  The  flow  of  blood  into  the  great  arteries  is 
somewhat  retarded,  as  is  indicated  by  a  diminution  in  the  arterial  pre^ure; 
and  finally,  the  blood  in  the  great  veine  pi^es  to  the  heart  with  greater 
facility  and  in  increased  quantity.  This  Lost-mentioned  phenomenon  can  be 
readily  observed,  when  the  veins  are  prominent,  in  profound  or  violent  inspi- 
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ration.  The  veins  at  the  lower  part  of  the  neck  are  then  seen  to  empty 
themselyes  of  blood  daring  inspiration,  and  they  become  distended  during 
expiration,  prbdncing  a  sort  of  pulsation  which  is  synchronous  with  respira- 
tion. This  can  always  be  observed  after  exposure  of  the  jugular  in  the  lower 
part  of  the  neck  in  an  inferior  animal.  Direct  observations  on  the  jugulars 
show  conclusively  that  the  influence  of  inspiration  can  not  be  felt  much 
beyond  these  vessels.  They  are  seen  to  collapse  with  each  inspiratory  act,  a 
condition  which  limits  this  influence  to  the  veins  near  the  heart.  The  flac- 
cidity  of  the  walls  of  the  veins  will  not  permit  the  extended  action  of  any 
suction  force.  In  the  circulation  the  veins  are  moderately  distended  with 
blood  by  the  vis  a  tergo^  and,  to  a  certain  extent,  they  are  supported  by  con- 
nections with  surrounding  tissues,  so  that  the  force  of  aspiration  is  felt  far- 
ther than  in  experiments  on  vessels  removed  from  the  body.  The  blood, 
as  it  approaches  the  thorax,  impelled  by  other  forces,  is  considerably  accel- 
erated in  its  flow ;  but  it  is  evident  that  beyond  a  certain  point,  and  that 
point  very  near  the  chest,  ordinary  aspiration  has  no  influence,  and  violent 
efforts  rather  retard  than  favor  the  venous  current. 

In  the  liver  the  influence  of  inspiration  becomes  a  very  important  ele- 
ment in  the  mechanism  of  the  circulation.  This  organ  presents  a  vascular 
arrangement  which  is  exceptional.  The  blood,  distributed  by  the  arteries  in 
a  capillary  plexus  in  the  mucous  membrane  of  the  alimentary  canal  and  in 
the  spleen,  instead,  of  being  returned  directly  to  the  heart  by  the  veins,  is 
collected  into  the  portal  vein,  carried  to  the  liver,  and  is  there  distributed  in 
a  second  set  of  capillary  vessels.  It  is  then  collected  in  the  hepatic  veins  and 
carried  by  the  vena  cava  to  the  heart.  The  three  hepatic  veins  open  into  the 
inferior  vena  cava  near  the  point  where  it  passes  the  diaphragm,  where  the 
force  of  aspiration  from  the  thorax  would  materially  assist  the  current  of 
blood.  On  following  these  vessels  into  the  substance  of  the  liver,  it  is  found 
that  their  walls  are  so  firmly  adherent  to  the  tissue  of  the  organ,  that  when 
cut  across,  they  remain  patulous ;  and  it  is  evident  that  they  must  remain 
open  under  all  conditions.  The  thorax  can  therefore  exert  a  powerful  influ- 
ence upon  the  hepatic  circulation ;  for  it  is  only  the  flaceidity  of  the  walls  of 
the  vessels  which  prevents  this  influence  from  operating  throughout  the 
entire  venous  system.  Although  this  must  be  a  very  important  element  in 
the  production  of  the  circulation  in  the  liver,  the  fact  that  the  blood  circu- 
lates in  this  organ  in  the  fcetus  before  any  movements  of  the  thorax  take 
place  shows  that  it  is  not  essential. 

A  farther  proof,  if  any  were  needed,  of  the  suction  force  of  inspiration  is 
found  in  an  accident  which  is  not  infrequent  in  surgical  operations  on  the 
lower  part  of  the  neck.  When  the  veins  in  this  situation  are  kept  open  by  a 
tumor  or  by  induration  of  the  surrounding  tissues,  an  inspiratory  effort  has 
occasionally  been  followed  by  the  entrance  of  air  into  the  vessels,  an  acci- 
dent which  is  likely  to  lead  to  the  gravest  results.  This  occurs  only  when  a 
divided  vein  is  kept  patulous ;  and  the  accident  proves  both  the  influence  of 
inspiration  on  liquids  in  the  veins  near  the  chest  and  its  restriction  to  the 
vessels  in  this  particular  situation  by  the  flaceidity  of  their  walls. 
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The  cause  of  death  from  air  in  the  veins  is  purely  mechanical.  The  air, 
finding  its  way  to  the  right  ventricle,  is  mixed  with  the  blood  in  the  form  of 
minute  bubbles  and  is  carried  into  the  pulmonary  artery.  Once  in  this  ves- 
sel, it  is  impossible  for  it  to  pass  through  the  capillaries  of  the  lungs,  and 
death  by  suffocation  is  the  result,  if  the  quantity  of  air  be  large.  It  is 
because  no  blood  can  pass  through  the  lungs,  that  the  left  cavities  of  the 
heart  are  usually  found  empty. 

Air  injected  into  the  arteries  produces  no  such  serious  effects  as  air  in  the 
veins.  It  is  arrested  in  the  capillaries  of  certain  parts  and  in  the  coarse  of 
a  short  time  is  absorbed. 

Aside  from  the  pressure  exerted  by  the  contraction  of  muscles  and  the 
force  of  aspiration  from  the  thorax,  the  influences  which  assist  the  venous 
circulation  are  very  slight.  There  is  a  slight  contraction  in  the  ven®  cav» 
in  the  immediate  proximity  of  the  heart,  which  is  much  more  extended  in 
many  of  the  lower  vertebrate  animals  and  may  be  mentioned  as  having  an 
influence — very  insignificant  it  is  true— on  the  flow  of  blood  from  the  great 
veins. 

In  the  veins  which  pass  from  above  downward,  the  force  of  gravity  favors 
the  flow  of  blood.  This  is  seen  by  the  turgescence  of  the  veins  of  the  neck 
and  face  when  the  head  is  kept  for  a  short  time  below  the  level  of  the  heart 
If  the  arm  be  elevated  above  the  head,  the  veins  of  the  back  of  the  hand  will 
be  much  reduced  in  size,  from  the  greater  facility  with  which  the  blood 
passes  to  the  heart,  while  they  are  distended  when  the  hand  is  allowed  to 
hang  by  the  side  and  the  blood  has  to  rise  against  the  force  of  gravity. 

Some  physiologists  are  of  the  opinion  that  the  right  ventricle  exerts  an 
active  suction  force  during  its  diastole ;  but  experiments  on  animals  do  not 
fully  sustain  this  view,  and  if  such  a  force  be  exerted,  its  effect  upon  the  cir- 
culation, even  in  the  veins  near  the  heart,  must  be  very  slight.  In  the  great 
irregularity  in  the  rapidity  of  the  circulation  in  different  veins,  it  must  fre- 
quently happen  that  a  vessel  empties  its  blood  into  another  of  larger  size, 
in  which  the  current  is  more  rapid.  In  such  an  instance,  as  a  physical  neces- 
sity, the  more  rapid  current  in  the  large  vein  exerts  a  certain  suction  force 
on  the  fluid  in  the  smaller  vessel. 

Uses  of  the  Valves  of  the  Veins. 

It  is  evident  that  the  principal  use  of  the  valves  of  the  veins  is  to  present 
an  obstacle  to  the  reflux  of  blood  toward  tlie  capillaries ;  and  it  remains  only 
to  study  the  conditions  under  wliich  they  are  brought  into  action. 

There  are  two  distinct  conditions  under  which  tlie  valves  of  the  veins  may 
be  closed.  One  of  them  is  the  arrest  of  circulation,  from  any  cause,  in  veins 
in  wliich  the  blood  has  to  rise  against  the  force  of  gravity ;  and  the  other, 
compression  of  veins,  from  any  cause — generally  from  muscular  contraction — 
which  tends  to  force  the  blood  from  the  vessels  compressed,  into  others,  when 
the  valves  otTer  an  obstruction  to  a  flow  toward  the  caj^illaries  and  necessitate 
a  current  in  the  direction  of  the  heart.  In  the  first  of  these  conditions,  the 
valves  are  antagonistic  to  the  force  of  gravity,  and  when  the  caliber  of  any 
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vessel  is  temporarily  obliterated,  they  aid  in  directing  the  current  into  anas- 
tomosing vessels.  It  is  but  rarely,  however,  that  they  act  thus  in  opposition 
to  the  force  of  gravity ;  and  it  is  only  when  many  of  the  veins  of  a  part  are 
simultaneously  compressed  that  they  aid  in  diverting  the  current  When  a 
single  vein  is  obstructed,  it  is  not  probable  that  the  valves  are  necessary  to 
divert  the  current  into  other  vessels,  for  this  would  take  place  in  obedience  to 
the  vis  a  tergo  ;  but  when  many  veins  are  obstructed  in  a  dependent  part  and 
the  avenues  to  the  heart  become  insufficient,  the  valves  divide  the  columns  of 
blood,  so  that  the  pressure  is  equally  distributed  throughout  the  extent  of  the 
vessels.  This  is,  however,  but  an  occasional  action  of  the  valves ;  and  it  is 
evident  that  their  influence  is  only  to  prevent  the  weight  of  the  entire  col- 
umn of  blood,  in  vessels  thus  obstructed,  from  operating  on  the  smallest 
veins  and  Ae  capillaries.  It  can  not  make  the  work  of  the  heart,  when 
the  blood  is  again  put  in  motion,  any  less  than  if  the  column  were  undi- 
vided, as  this  organ  must  have  sufficient  power  to  open  successively  each  set 
of  valves. 

It  is  in  connection  with  the  intermittent  compression  of  the  veins  that  the 
valves  have  their  principal  and  almost  constant  use.  Their  situation  alone 
would  lead  to  this  supposition.  They  are  found  in  greatest  numbers  through- 
out the  muscular  system,  having  been  demonstrated  in  vessels  one  line  (2*1 
mm.)  in  diameter.  They  are  also  found  in  the  upper  parts  of  the  body, 
where  they  certainly  do  not  operate  against  the  force  of  gravity ;  while  they 
do  not  exist  in  the  cavities,  where  the  venous  trunks  are  not  subject  to  com- 
pression. It  has  already  been  made  sufficiently  evident  that  the  action  of 
muscles  seconds  most  powerfully  the  contractions  of  the  heart.  The  vis  a 
tergo  from  the  heart  is,  doubtless,  generally  sufficient  to  turn  this  influence  of 
muscular  compression  from  tlie  capillary  system,  and  the  valves  of  the  veins 
are  open ;  but  they  stand  ready,  nevertheless,  to  oppose  regurgitation. 

In  the  action  of  muscles,  the  skin  is  frequently  stretched  over  the  part, 
and  the  cutaneous  veins  are  somewhat  compressed.  This  may  be  seen  in  the 
hand,  by  letting  it  hang  by  the  side  until  the  veins  become  somewhat  swollen, 
and  then  contracting  the  muscles,  when  the  skin  will  become  tense  and  the 
veins  are  very  much  less  prominent.  Here  the  valves  have  an  important  ac- 
tion. The  compression  of  the  veins  is  much  greater  in  the  substance  of  and 
between  the  muscles  than  in  the  skin ;  but  the  blood  is  forced  from  the  mus- 
cles into  the  skin,  and  the  valves  act  to  prevent  it  from  taking  a  retrograde 
course. 

A  full  consideration  of  the  venous  anastomoses  belongs  to  descriptive 
anatomy.  It  is  sufficient  to  state,  in  this  connection,  that  they  are  very 
abundant  and  provide  for  a  return  of  the  blood  to  the  heart  by  a  number  of 
channels.  The  azygos  vein,  the  veins  of  the  spinal  canal  and  veins  in  the 
walls  of  the  abdomen  and  thorax  coniief't  the  inferior  with  the  superior  vena 
cava.  Even  the  portal  vein  has  been  shown  to  have  its  communications  with 
the  general  venous  system.  Thus,  in  all  parts  of  the  organism,  temporary 
compression  of  a  vein  merely  diverts  the  current  into  some  other  vessel,  and 
permanent  obliteration  of  a  vein  produces  enlargement  of  communicating 
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branches,  which  soon  become  sufficient  to  meet  all  the  requirements  of  1 
circulation. 


CON^DITIOXS   WHICH    IMPEDE  THE  VeNOUS   CiRCULATIOX. 

Influence  of  Ejrpiration.—The  influence  of  expiration  on  the  circulation" 
in  the  veins  near  the  thorax  is  directly  opposed  to  that  of  inspiration.  As 
the  act  of  inspiration  has  a  tendency  to  draw  the  blood  from  these  vessels 
into  the  chest,  the  act  of  expiration  assists  in  forcing  the  blood  out  from  the 
reimelfi  of  the  thorax  and  opposes  a  flow  in  the  opposite  direction.  The  effect 
of  prolonged  and  violent  expiratory  efiForts  is  quite  marked,  these  being  fol- 
lowed by  congestion  of  the  veins  of  the  face  and  neck  and  a  sense  of  ftillneas 
in  the  head,  which  may  become  very  distre^ing*  The  opposition  to  the 
venous  current  generally  extends  only  to  vessels  in  the  immediate  vicinity  of 
the  thorax,  or  it  may  be  stated  in  general  terms,  to  those  veins  in  wliich 
the  flow  of  blood  is  assisted  by  the  movements  of  inspiration;  but  while  the 
inspiratory  influence  is  absolutely  eonfineii  to  a  very  restricted  circuit  of  ves- 
sels, the  obstiTictive  infloence  of  very  violent  and  prolonged  expinition  may 
be  extended  very  much  farther,  as  is  seen  when  the  vessels  of  the  neck,  face 
and  conjunctiva  become  congested  in  prolonged  vocal  effort^  l>l owing  etc. 
The  mechanism  of  this  is  not  a  mere  reflux  from  the  large  trunks  of  the 
thoracic  ca\ity.  Were  this  the  case^  it  would  he  necessiiry  to  assume  an  insuf- 
ficiency of  certain  valves,  which  df>es  not  exist  In  extreme  cong^»stion,  reflux 
of  blood  may  take  place  to  a  certain  extent  in  the  external  jugular,  for  this 
vessel  has  but  two  valves,  wliich  are  not  competent  to  prevent  regurgitation. 
The  chief  cause  of  congestion,  however,  is  due,  not  to  regurgitation,  but  to 
accumulation  from  the  periphery  and  an  obstruction  to  the  flow  of  blood  into 
the  great  vessels. 

It  is  in  the  internal  jngiilar  that  the  influence  of  expiration  is  most 
important,  both  on  account  of  its  great  size  in  the  human  subject,  as  com- 
pared with  the  other  ve&sels,  and  the  importance  and  delica<\v  of  the  parts 
from  which  it  collects  the  blood.  At  the  opening  of  tliis  vessel  into  the 
innominate  vein,  is  a  jmir  of  strong  and  perfect  valves,  which  effectually  close 
the  orifice  when  there  is  a  tendency  t*:>  regurgitation.  When  the  act  of  expi- 
ration arrests  the  onward  flow  in  the  veins  ne^ir  the  thomx,  these  valves  are 
closed  and  effectually  protect  the  brain  from  congestion  by  regurgitation. 
The  blood  accumulates  behind  the  valves,  but  the  free  communicution  of  the 
internal  jugular  with  the  other  veins  of  the  neck  relieves  the  brain  from  con- 
gestion, unless  the  effort  be  extraordinarily  violent  and  prolonged. 

The  above  remarks  with  regard  to  the  influence  of  expiration  are  appli- 
cable to  voc^l  efforts,  violent  couglung  or  sneezing,  or  any  unusual  muscular 
efforts,  such  as  straining,  in  which  the  glottis  is  closed. 

Refjurgitant  Venaus  Puhe.^ln  the  inferior  animab,  such  as  the  dog,  if  the 
external  jugular  be  exposed,  a  distention  of  the  vessel  is  seen  to  accompany 
each  expiratory  act.  This  is  sometimes  observed  in  the  human  subject  when 
respiration  is  exaggerated,  and  has  been  called  improperly  the  venous  pulse. 
There  is  no  stdflcient  obstacle  to  the  regurgitation  of  blood  from  the  thorax 
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into  the  external  jugular,  and  distinct  pulsations,  synchronous  with  the  move- 
ments of  respiration,  may  be  produced  in  this  way. 

It  is  evident  that  there  are  various  other  conditions  which  may  impede 
the  venous  circulation.  Accidental  compression  may  temporarily  arrest  the 
flow  in  any  particular  vein.  When  the  whole  volume  of  blood  is  materially 
increased,  as  after  a  full  meal  with  copious  ingestion  of  liquids,  the  addition^ 
quantity  of  blood  accumulates  chiefly  in  the  venous  system  and  proportion- 
ally diminishes  the  rapidity  of  the  venous  circulation. 

The  force  of  gravity  also  has  an  important  influence.  It  is  much  more 
difl&cult  for  the  blood  to  pass  from  below  upward  to  the  heart  than  to  flow 
downward  from  the  head  and  neck.  The  action  of  this  is  seen  if  comparison 
be  made  between  the  circulation  in  the  arm  elevated  above  the  head  and 
hanging  by  the  side.  In  the  one  case  the  veins  are  readily  emptied  and  con- 
tain but  little  blood,  and  in  the  other  the  circulation  is  more  difficult  and 
the  vessels  are  moderately  distended.  The  walls  of  the  veins  are  thickest 
and  the  valves  are  most  abundant  in  parts  of  the  body  which  are  habitually 
dependent.  The  influence  of  gravity  is  exemplified  in  the  production  of 
varicose  veins  in  the  lower  extremities.  This  disease  is  frequently  produced 
by  occupations  which  require  constant  standing ;  but  the  exercise  of  walking, 
aiding  the  venous  circulation,  as  it  does,  by  the  muscular  effort,  has  no  such 
tendency. 

Circulation  in  the  Cranial  Cavity, — In  the  encephalic  cavity  there  are 
certain  peculiarities  in  the  anatomy  of  some  of  the  vessels,  with  exceptional 
conditions  of  the  blood  as  regards  atmospheric  pressure,  wliich  have  been 
regarded  as  capable  of  essentially  modif}dng  the  circulation.  In  tlie  adult 
the  cranium  is  a  closed,  air-tight  box,  containing  the  incompressible  cerebral 
substance,  blood,  lymph  and  the  cephalo-rachidian  fluid ;  and  the  blood  is 
here  under  conditions  widely  different  from  those  presented  in  other  parts  of 
the  system.  The  venous  passages  in  the  brain,  which  correspond  to  the  great 
veins  of  other  parts,  are  in  the  form  of  sinuses  between  the  folds  of  the  dura 
mater  and  are  but  slightly  dilatable.  In  the  perfectly  consolidated  adult  head 
the  blood  is  not  subjected  to  atmospheric  pressure,  as  in  other  parts,  and  the 
semisolids  and  liquids  which  make  up  the  encephalic  mass  can  not  increase 
in  size  in  congestion  and  diminish  in  anjemia.  Notwithstiinding  these  con- 
ditions, the  fact  remains,  that  examinations  of  the  vessels  of  the  brain  after 
death  show  great  differences  in  the  quantity  of  blood  which  they  contain. 
The  question  then  arises  as  to  what  is  displaced  to  make  room  for  the  blood 
in  congestion,  and  what  supplies  the  place  of  the  blood  in  anaemia.  An  ana- 
tomical peculiarity  which  has  not  yet  been  considered  offers  an  explanation  of 
these  phenomena.  Between  the  pia  mater  and  the  arachnoid  of  the  brain  and 
spinal  cord  there  exists  a  liquid,  the  ce{)halo-rachidian  fluid,  wliich  is  capable 
of  passing  from  the  surface  of  the  brain  to  the  spinal  canal  and  communicates 
with  the  fluid  in  the  ventricles  (Magendie).  The  communication  between  the 
cranial  canty  and  the  spinal  canal  is  very  free.     It  is  easy  to  see  one  of  the 
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physiologicjil  uses  of  this  liquid.  When  the  preasure  of  blood  in  the  arteries 
going  to  the  brain  is  increased  or  when  there  is  an  obstacle  to  its  return  bv 
the  veins,  more  or  less  congestion  takes  place,  and  the  blood  forces  the  liqui^ 
from  the  cranial  into  the  spinal  cavity.  The  reverse  takes  place  when 
supply  of  bliHxl  to  the  bmin  is  diminished.  The  physiological  action  of 
highly  organized  and  vascular  parts  seems  to  require  certain  variations  in  tht- 
supply  of  blood ;  and  there  is  no  good  reason  to  suppo^  that  the  brain^  in  \U 
varied  conditions  of  activity'  and  rej>ose,  is  an  exception  to  this  general  rule* 

Physiologists,  even  before  the  time  of  Ilaller,  had  noticed  alternate  move- 
ments of  expansion  and  contraction  in  the  brain,  connected  with  the  acts  af 
respiration.  This  is  observed  in  eliildren  before  the  fontanels  are  cIosikI.  and 
in  the  adult  when  the  brain  is  exposed  by  an  injury  or  a  surgicjd  operatiou. 
The  movements  are  an  expansion  with  the  act  of  respiration,  which^  in  vio- 
lent efforts,  is  sometimes  so  considerable  as  to  produce  cerebnU  hernia^  and 
coutmction  with  inspiration.  With  the  act  of  expiration  the  iiow  of  blfM>d  in 
the  arteries  is  favored  and  the  current  in  the  veins  is  retai^ded.  If  tlie  effort 
be  violent,  the  valve  at  the  opening  of  the  internal  jugular  may  be  do^ML 
This  act  would  produce  an  expan^^ion  of  the  brain,  not  from  reflux  by  the 
veins,  but  from  the  fact  that  the  flow  into  the  chest  is  impeded,  and  the 
blood,  while  passing  in  more  freely  by  the  arteries,  is  momentarily  confined 
With  inspiration  the  flow  into  the  thorax  is  materially  aided,  and  the  brain 
is  in  Si>mc  degree  relieved  of  this  cxptiiuiing  force. 

Circulaiion  in  Erectile  TisHues, — In  the  organs  of  generation  of  boi 
sexes,  there  exists  a  tissue  which  is  subject  to  increase  in  volume  and  rigidi^ 
when  in  a  condition  of  what  is  cnlled  erection.    The  parts  in  which  the  ere 
ile  tissue  exists  are,  in  the  male,  the  corpora  cavernosa  of  the  jwuis,  the  cfl 
pus  spongiosum  and  the  glans  penis  \  and  in  the  female,  the  corpora  caver- 
nosa of  the  clitoris,  the  gland  of  the  clitoris  and  the  bulb  of  the  vestibule. 

The  vascuhir  arrangement  in  erectile  organs,  of  whicli  tlie  penis  may  be 
t^ken  as  the  type,  is  peculiar  and  is  not  found  in  any  other  part  of  the  circu- 
latory system^  Taking  the  penis  a^  an  example,  the  arteries,  which  have  an 
unusually  thick,  muscular  coat,  after  they  hiive  ent^jred  the  organ,  do  not 
simply  branch  ami  divi<le  dichotomously,  as  in  most  other  parts,  but  send  off 
large  numbers  of  arborescent  branches,  which  immediately  become  tortuous 
and  are  distributed  in  the  cavernous  and  spong]^'  bodies  in  anastomosing  ves- 
sels, witli  but  a  single,  thin,  lioniogeneous  coat,  like  the  true  capillarieft. 
These  vessels  are  larger,  even,  tlian  the  arterioles  wliich  supply  them  with 
blood,  some  having  a  diameter  of  ^j-  to  ^  of  an  inch  (1  to  1-5  mm.). 
The  cavernous  bodies  have  an  external  investment  of  strong,  lilirous  tissue 
of  considerable  elasticity,  which  sends  bands,  or  tmbecula*,  iuUi  the  inte- 
rior, by  which  it  is  divided  up  into  cells.  The  trabecule  are  composed  of 
flbrouB  tissiio  mixed  wiXh  a  large  number  of  non-striated  muscular  fibre& 
These  cells  lodge  the  blood-vessels,  which  ramify  in  the  tortuous  manner 
already  indicated  and  finally  terminate  in  the  veins.  The  anatomy  of  tlie 
c^qiora  spongiosa  is  essentially  the  same,  the  only  difference  being  that  the 
fibrous  envelope  and  the  tmbeculse  ai'e  more  delicate  and  the  cells  are  smaller. 
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Without  going  fully  into  the  mechanism  of  erection,  it  may  be  stated  in 
general  terms  that  during  sexual  excitement,  or  when  erection  occurs  from 
any  cause,  the  thick,  muscular  walls  of  the  arteries  of  supply  relax  and  allow 
the  arterial  pressure  to  distend  the  capacious  vessels  lodged  in  the  cells  of  the 
cayemous  and  spongy  bodies.  This  produces  the  characteristic  change  in  the 
volume  and  position  of  the  organ.  It  is  evident  that  erection  depends  upon 
the  peculiar  arrangement  of  the  blood-vessels,  and  is  not  simply  a  congestion, 
such  as  could  occur  in  any  vascular  part  During  erection  there  is  not  a 
stasis  of  blood ;  but  if  it  continue  for  any  length  of  time,  the  quantity  which 
passes  out  of  the  part  by  the  veins  must  be  equal  to  that  which  passes  in  by 
the  arteries. 

Derivative  Circulation, — In  some  parts  of  the  circulatory  system,  there 
exists  a  direct  communication  between  the  arteries  and  the  veins,  so  that  all 
the  blood  does  not  necessarily  pass  through  the  minute  vessels  which  have 
been  described  as  true  capillaries.  This  peculiarity,  which  had  been  noted 
by  Todd  and  Bowman,  Paget  and  others,  has  been  studied  by  Sucquet  By 
using  a  black,  solidifiable  injection,  he  found  that  there  were  certain  parts  of 
the  upper  and  lower  extremities  and  the  head  which  became  colored  by  the 
injection,  while  other  parts  were  not  penetrated.  PoHowing  the  vessels  by 
dissection,  he  showed  that  in  the  upper  extremity,  the  skin  of  the  fingers  and 
part  of  the  palm  of  the  hand,  and  the  skin  over  the  olecranon  are  provided 
with  vessels  of  considerable  size,  which  allowed  the  fluid  injected  by  the  axil- 
lary artery  to  pass  directly  into  some  of  the  veins,  while  in  other  parts  the 
veins  were  entirely  empty.  Extending  his  researches  to  the  lower  extremity, 
he  found  analogous  communications  between  the  vessels  in  the  knee,  toes 
and  parts  of  the  sole  of  the  foot.  He  also  found  communications  in  the 
nose,  cheeks,  lips,  forehead  and  ends  of  the  ears,  parts  which  are  particularly 
liable  to  changes  in  color  from  congestion  of  vessels.  These  observations 
have  been  in  the  main  confirmed  by  the  more  recent  researches  of  Hoyer.  It 
is  evident  that  under  certain  conditions  a  larger  quantity  of  blood  than 
usual  may  pass  through  these  parts,  without  necessarily  penetrating  the  true 
capillaries  and  thus  exerting  a  modifying  influence  upon  nutrition. 

Pulmonary  Circulation, — The  vascular  system  of  the  lungs  merits  the 
name,  which  is  frequently  applied  to  it,  of  the  lesser  circulation.  The  right 
side  of  the  heart  acts  simultaneously  with  the  loft,  but  is  entirely  distinct 
from  it,  and  its  muscular  walls  are  very  much  less  powerful.  The  pulmonary 
artery  has  thinner  and  more  distensible  coats  thjm  the  aorta  and  distributes 
its  blood  to  a  single  system  of  capillaries,  situated  very  near  the  heart.  In 
the  substance  of  the  lungs,  the  pulmonary  artery  is  broken  up  into  capilla- 
ries, most  of  them  just  large  enough  to  allow  the  passage  of  the  blood-cor- 
puscles in  a  single  row.  These  vessels  are  provided  with  a  single  coat  and 
form  a  very  close  net-work  surrounding  the  air-cells.  From  the  capillaries 
the  blood  is  collected  by  the  pulmonary  veins  and  conveyed  to  the  left  auri- 
cle. There  is  no  great  disparity  between  the  arteries  and  veins  of  the  pul- 
monary system  as  regards  capacity.  The  pulmonary  veins  in  the  human 
subject  are  not  provided  with  valves. 


104 


CIRCULATION  OF  THE  BLOOD  IN  THE  VESSELS. 


The  bloocl  in  its  passage  thi'oiigli  the  lungs  does  not  meet  with  the  resist- 
ance which  is  presented  in  the  systemic  circulation  ;  and  the  anatomy  of  the 
pulmonary  vessels  and  of  the  right  side  of  the  heart  shows  that  the  blood 
mufit  circulate  in  the  lungs  with  comparative  facility.  The  power  of  the 
right  ventricle  is  evidently  less  than  half  that  of  the  left,  and  the  pulmonary 
artery  will  sustain  a  much  less  pressure  than  the  aorta. 

The  two  sides  of  tlie  heart  act  simultaneously ;  and  at  the  same  time  thi 
the  blood  is  sent  by  the  left  ventricle  to  the  system  it  is  sent  by  the  rig, 
ventricle  to  the  lungs.    The  pressure  of  blood  in  the  pulmonary  artery,  mej 
ured  by  connecting  a  cardiometer  with  a  tnx^ar  introduced  into  the  pi 
monary  artery  of  a  living  horse  t!j  rough  one  of  the  intercostal  spaces,! 
been  found  to  be  about  oiie-tlurd  as  great  as  the  pressure  in  the  ao 
which  corresponds  pretty  nearly  with  an  estimate  of  the  comparative  pow( 
of  the  two  ventricles,  judging  from  the  thickness  of  their  muscular   wal 
(Chauveau  and  Faivre)* 

On  microscopical  examination  of  the  circulation  in  the  lower  animals,  as 
the  frog,  the  movement  of  blood  in  the  capillaries  of  the  lungs  does  not  pR»- 
sent  any  diflferences  from  the  capillary  circulation  in  other  parts,  except  that 
the  vessels  seem  more  crowded  T^ith  corpuscles  and  there  is  no  *' still  layer**"' 
next  their  walls, 

Circulaimn  in  the  Walls  of  the  Heart, — The  circulation  in  the  walls  of 
the  heart  does  not  present  any  impurtaut  peculiarities.  It  has  been  shown 
that  the  pressure  of  blood  in  the  coronary  arteries  in  the  dog,  during  the 
ventricular  systole,  is  sufficient  to  supply  the  arterioles  in  the  substance  of 
the  heart  with  blood  precisely  as  it  is  supplied  to  the  general  arterial  system. 
In  a  number  of  experiments,  in  which  simultaneous  traces  of  the  pulse-beats 
were  obtained,  it  has  been  found  that  the  coronary  and  carotid  pidses  were 
prat^tically  s\mehronou8  (Martin). 

Pasmijv  of  the  Blood- Corpuscks  through  the  Walls  of  the  Vessels  (Dh 
desii<),—ln  the  frog  it  has  been  observed  that  the  leucocytes  sometimes 
through  the  walls  of  tlie  blood-vessels,  either  by  means  of  small  orifici 
(stromaUi)  or  by  a  kind  of  filtration  through  the  substance  which  unites 
borders  of  the  endothelial  cells.  This  phenomenon  Wiis  described  by  Waller, 
in  1841,  but  luis  attracted  much  attention  since  the  more  recent  researc 
of  Cohnheim*  In  this  procest^  it  b  observed  that  the  leucocytes,  which 
adhere  to  the  vascular  walk,  send  out  little  projections  which  penetrate 
membrane,  so  that  a  point  appears  on  tlie  outside  of  the  vessel.  This  poi 
becomes  larger  and  larger,  until  the  entire  mass  of  the  corpuscle  has  passed 
through.  The  cor|mscles  then  migrate  a  certain  distance  by  means  of  the 
movements  known  as  ammboid,  whieh  luive  already  been  described.  It  was 
supposed  by  Oohnheim  that  this  was  one  of  the  early  phenomena  of  inflam- 
mation, the  migrating  coqiuscles  afterward  multij>l\1ng  by  division,  consti- 
tuting the  so-called  pus-corpuscles.  F<jllowiug  stiisis  of  blwxl  in  the  small 
vessels,  the  red  corpuscles,  it  is  sufiposed,  pass  out  in  the  same  way.  It  is 
not  certain  that  diapedesis,  even  of  leticoeytcs,  is  a  normal  process  or  that  H 
takes  place  in  the  human  subject.     According  to  Ilering,  the  red  corpuscles 
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Fio.  9R.— Small  blood-vesael  of  the  mesentery  of  the 
frog,  ahowing  diapedeHa  of  leucocytes  (Landois;. 

w,  w,  walls  of  the  Teasel ;  a,  a,  still  layer ;  r,  r,  red 
blood-corpusclee ;  u  l,  leucocjrtes  in  contact  with 
the  wall,  c,  c,  in  diiDTerent  stages  of  diapedeais : 
r,  F,  leucocytes  that  have  passed  out  of  the  Tessel. 


pass  through  the  walls  of  the  vessels,  only  when  the  pressure  is  sufficient 

to   produce    transudation    of    the 

blood-plasma. 

Rapidity  of  the  Circulation. 

Several  questions  of  considerable 
physiological  importance  arise  in 
connection  vrith  the  general  rapidity 
of  the  circulation : 

1.  What  length  of  time  is  occu- 
pied in  the  passage  of  the  blood 
through  both  the  lesser  and  the 
greater  circulations? 

2.  What  is  the  time  required  for 
the  passage  of  the  entire  mass  of 
blood  through  the  heart? 

3.  What  influence  has  the  num- 
ber of  pulsations  of  the  heart  on  the  general  rapidity  of  the  circulation? 

The  first  of  these  questions  is  the  one  which  has  been  most  satisfactorily 
answered  by  experiments  on  living  animals.  In  1827,  Hering  made  the 
experiment  of  injecting  into  the  jugular  vein  of  a  living  animal  a  solution 
of  potassium  ferrocyanide,  noting  the  time  which  elapsed  before  it  could  be 
detected  in  the  blood  of  the  vein  of  the  opposite  side.  This  gave  the  first 
correct  idea  of  the  rapidity  of  the  circulation.  He  drew  the  blood  at  inter- 
vals of  five  seconds  after  beginning  the  injection,  and  thus,  by  repeated  ob- 
servations, ascertained  pretty  nearly  the  rapidity  of  a  circuit  of  blood  in  the 
animals  upon  which  he  experimented.  Vierordt  (1858)  collected  the  blood 
as  it  flowed,  in  little  vessels  fixed  on  a  disk  revolving  at  a  known  rate,  which 
gave  more  exactness  to  the  observations.  The  results  obtained  by  these  two 
observers  were  nearly  identical. 

The  only  objection  which  could  be  made  to  these  experiments  is  that  a 
saline  solution,  introduced  into  the  circulation,  would  have  a  tendency  to 
diffuse  itself  throughout  the  whole  mass  of  blood,  it  might  be,  with  consider- 
able rapidity.  This  certainly  is  an  element  which  should  be  taken  into  ac- 
count ;  but  from  the  definite  data  wliich  have  been  obtained  concerning  the 
rapidity  of  the  arterial  circulation  and  the  inferences  which  are  unavoidable 
with  regard  to  the  rapidity  of  the  venous  circulation,  it  would  seem  that  the 
saline  solution  must  be  carried  on  by  the  mere  rapidity  of  the  arterial  fiow  to 
the  capillaries,  which  are  very  short,  taken  up  from  tliem,  and  carried  on  by 
the  veins,  and  thus  through  tlie  entire  circuit,  before  it  has  had  time  to  diffuse 
itself  to  any  considerable  extent.  It  is  not  apparent  how  this  objection  can 
be  overcome,  for  a  substance  must  be  used  which  will  mix  with  the  blood ; 
otherwise  it  could  not  pass  through  the  capillaries. 

There  seems  no  reason  why,  with  the  above  restrictions,  the  results  obtained 
by  Hering  should  not  be  accepted  and  their  application  be  made  to  the  human 
subject. 
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Hering  found  that  the  rapidity  of  the  circuktioii  in  different  ammak 
had  an  iiiverso  ratio  to  their  size  and  a  direct  ratio  to  the  rapidity  of  th 
action  of  the  heart 

The  following  are  the  mean  results  in  certain  of  the  domestic  anima 
taking  the  course  from  J!igiilar  to  juguhir,  when  the  blood  passes  through  the 
lungs  and  through  the  capillaries  of  the  face  and  head : 

In  the  Horse,  the  circulation  is  iiceompHshed  in  2TS  seconds. 

Goat,  "  **  12*8      " 

Rabbit,  "  "  6-9      *' 

Applying  these  results  to  tlie  hunmn  subject  aod  taking  into  accoutff 
size  of  the  body  and  the  rapidity  of  tlie  heart's  action,  the  dumtioii  of  the 
circuit  from  one  jugular  to  the  other  may  be  estimated  at  21-4  seconds,  and 
the  general  average  through  the  entire  system,  at  23  seconds.  This  estimate 
is  simply  approxiuiate ;  but  the  results  in  the  inferior  animals  may  be  receiTcd 
as  very  nearly  accurate. 

Estimates  of  the  time  required  for  the  passage  of  the  whole  mass  of  blood 
through  the  begirt  are  even  less  detinite  than  the  eetiniate  of  the  general 
rapidity  of  tlie  circulation.  To  arrive  at  any  Batisfactory  i-esult,  it  is  neccs* 
sary  to  know  the  entire  quantity  of  blood  in  the  body  and  the  exa^-t  quantity 
which  pas^s  through  the  heart  at  each  pulsation.  If  the  whole  mass  of  blood 
be  divided  by  the  quautity  discharged  from  the  heart  with  each  ventricular 
systole,  the  result  gives  the  number  of  pidsations  required  for  tlie  passage  of 
the  whole  mass  of  blooti  through  the  heart ;  and  knowing  the  miDjber  of  beats 
per  minute,  the  length  of  time  tlius  occupied  is  ascertained.  The  objection 
to  this  kind  of  estimate  is  the  inaccuracy  of  the  data  respecting  the  quautity 
of  blood  in  the  system  as  well  as  the  quantity  which  ptisses  through  the  heart 
with  each  pulsation.  Nevertheless,  an  estimate  can  be  made,  which,  if  it  he 
not  entirely  accurate?,  can  not  be  very  far  from  the  truth* 

The  entire  quantity  of  blood,  according  to  estimates  which  seem  to  be 
based  on  the  most  reliable  data,  is  about  one-t4L?nth  the  weight  of  the  body,  or 
fourteen  pounds  ((i*35  kiJoa.),  in  a  man  weighing  one  hundred  and  forty 
pounds  (63'5  kilos*).  The  quantity  discharged  at  each  ventricular  systole  is 
estimated  by  Valentin  at  live  ounces  (141*7  grammes),  and  by  Volkmann,  at 
six  ounces  (170- 1  grammes).  Assuming  that  at  each  systole,  the  left  venti'iele 
discharges  all  its  blood,  except  perlui}»s  a  few  dro))S,  and  that  this  quantity  in 
an  ordinar\*-sized  man  is  five  ounces  (141-7  grammes),  it  would  requii-e  forty- 
five  pulsations  for  the  passage  through  the  heart  of  the  entire  mass  of  blooch 
Assuming  the  pidsations  to  be  seventy-two  per  minute,  this  would  occupy 
thirty-seven  and  a  half  seconds. 

The  relation  of  the  rapidity  of  the  circulation  to  the  frequency  of  the 
heart's  action  is  a  question  w^hieh  was  not  neglected  in  the  exj>eriments  of 
Hering.  It  is  evident  that  if  the  charge  of  blood  sent  into  the  arteries  be  the 
same,  or  nearly  the  same,  under  all  conditions,  any  increase  in  the  number  of 
pulsations  of  the  heart  w^onld  produce  a  corres|i4:»ndiiig  at»celeration  of  the 
general  current  of  blood.     Tliis  is  a  proposition,  however,  which  can  not  be 
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taken  for  granted ;  and  there  are  many  facts  which  favor  a  contrary  opinion. 
It  may  be  stated  as  a  general  rule,  that  when  the  acts  of  the  heart  increase  in 
frequency  they  diminish  in  force ;  and  this  renders  it  probable  that  the  ven- 
tricle is  most  completely  distended  and  emptied  when  its  action  is  moderately 
slow.  When,  however,  the  pulse  is  very  much  accelerated,  the  increased 
number  of  pulsations  of  the  heart  might  be  sufficient  to  overbalance  the 
diminished  force  of  each  act  and  would  thus  actually  increase  the  rapidity  of 
the  circulation.  In  observations  made  on  horses,  by  increasing  the  frequency 
of  the  pulse,  on  the  one  hand,  physiologically,  by  exercise,  and  on  the  other 
hand,  pathologically,  by  producing  inflammatory  action,  it  is  shown  that  when 
the  pulse  is  accelerated  in  inflammation,  the  value  of  the  contractions  of  the 
heart,  as  represented  by  the  quantity  of  blood  discharged,  bears  an  inverse 
ratio  to  their  number  and  is  so  much  diminished  as  absolutely  to  produce  a 
current  of  less  rapidity  than  normal.  In  the  physiological  increase  in  the 
rate  of  the  pulse  by  exercise,  there  was  a  considerable  increase  in  the  actual 
rapidity  of  the  circulation  (Uering). 

With  regard  to  the  relations  between  the  rapidity  of  the  heart's  action 
and  the  general  rapidity  of  the  circulation,  the  following  conclusions  may  be 
given  as  the  results  of  experimental  inquiry : 

1.  In  physiological  increase  in  the  number  of  beats  of  the  heart,  as  the 
result  of  exercise,  for  example,  the  general  circulation  is  somewhat  increased 
in  rapidity,  though  not  in  proportion  to  the  increase  in  the  rapidity  of  the 
pulse. 

2.  In  pathological  increase  in  the  rapidity  of  the  heart's  action,  as  in 
febrile  movement,  the  rapidity  of  the  general  circulation  is  generally  dimin- 
ished, it  may  be,  to  a  very  great  extent. 

.  3.  Whenever  the  number  of  beats  of  the  heart  is  considerably  increased 
from  any  cause,  the  quantity  of  blood  discliarged  at  each  ventricular  systole 
is  very  much  diminished,  either  from  lack  of  complete  distention  or  from 
imperfect  emptying  of  the  cavities. 

Phenomena  in  the  Circulatory  System  after  Death, — Nearly  every  autopsy 
shows  that  after  death,  the  blood  does  not  remain  equally  distributed  in  the 
arteries,  capillaries  and  veins.  Influenced  by  gravitation,  it  accumulates  in 
and  discolors  the  most  dependent  parts  of  the  body.  The  arteries  are  always 
found  empty,  and  all  the  blood  in  the  body  accumulates  in  the  venous  system 
and  capillaries ;  a  fact  which  was  observed  by  the  ancients  and  gave  rise  to 
the  belief  that  the  arteries  were  air-bearing  tubes.  This  is  readily  explained 
by  the  post-mortem  contraction  of  the  muscular  coat  of  the  arteries.  If  the 
artery  and  vein  of  a  limb  be  exposed  in  a  living  animal  and  all  the  other  ves- 
sels be  tied,  compression  of  the  artery  does  not  immediately  arrest  the  current 
in  the  vein,  but  the  blood  will  continue  to  flow  until  the  artery  is  entirely 
emptied  (Magendie).  The  artery,  when  relieved  from  the  distending  force 
of  the  heart,  reacts  on  its  contents  by  virtue  of  its  contractile  coat  and  com- 
pletely empties  itself  of  blood.  An  action  similar  to  this  takes  place  through- 
out the  arterial  system  after  death.  The  vessels  react  on  their  contents  and 
gradually  force  all  the  blood  into  and  through  the  capillaries,  which  are  very 
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short,  to  the  veins,  which  are  capacious,  distensible  and  but  slightly  con- 
tractile. This  begins  immediately  after  death  while  the  contractility  of  the 
mu&cular  coat  of  the  arteries  remains,  and  U  seconded  by  the  subsequent 
cadaveric  rigidity,  which  affects  all  the  involuntary  as  well  as  the  roluniarv 
muscular  fibrei*.  Once  in  the  venous  system,  tlie  blood  cannot  return  on 
aecount  of  the  valves.  Thus,  after  death,  the  blood  is  found  in  tlie  veins  and 
capillaries  of  dependent  parts  of  the  body. 


CHAPTER   IV. 

RESPIRATION— RESPIRATORY  MOVEMENTS. 

Qenor&l  corvfildeTBt ions— Physiological  snatomj  of  the  respirntnry  or^nn^— Hovemoits  of  rcwplrntion— Iniptif' 
ration— MuficU'H  of  ioMpiration— Ejcpiration— Mn^lcis  of  ex  pi  rut  Ion —Types  of  rwpimlion— Frtjqnencjf 
of  tba  rcBpiralory  movL^tueutjB— Relation m  of  inspiration  and  expiration  to  each  other— Rc«pirat<»ry 
ooands^-Capucity  of  the  tuni^  and  the  qimntJty  of  air  chmigrt^  in  the  revpiratory  acts—BeftidtuU  air 
— EeMTve  air — Tidal,  or  breathing  air— Com  pie  mental  air— Extreme  brcathit^^  capacity— Relationt  in 
Tolame  of  the  expired  to  the  ioeplred  air— Diffusion  of  air  iti  the  Iiingi. 

The  characters  of  the  blood  are  by  no  means  identical  in  the  three  great 
divisions  of  tlie  vascular  system  ;  but  physiologists  have  thus  far  been  able  to 
investigate  only  the  differeiiees  which  exist  between  arterial  and  venous  blood, 
for  the  capillaries  are  so  short,  communicating  directly  with  the  arteries  on 
the  one  side  and  the  veins  on  the  other,  that  it  is  impossible  to  obtain  a  speci- 
men of  true  capillary  blood.  In  the  capillaries,  however,  the  nutritive  tluid, 
ivhich  is  identical  in  all  parts  of  the  arterial  system,  undergoes  changes  which 
render  it  unfit  for  nutrition.  Thus  modified  it  is  known  as  venous  blood; 
and  the  only  otlice  of  tlie  veins  is  to  carry  it  hack  to  the  right  side  of  the 
heart,  to  Ije  sent  to  the  lungs,  where  it  loses  the  vitiating  substances  it  has  col- 
lected in  the  tissues,  takes  in  a  fresh  supply  of  oxygen  and  goes  to  the  left, 
or  systemic  heart,  again  prepared  for  nutrition*  As  the  processes  of  nutrition 
vary  in  ditfereut  parts  of  the  organism,  tliere  are  of  necessity  corresponding 
variations  in  the  composition  of  the  blood  in  different  veins. 

The  important  substances  that  are  given  off  by  the  lungs  are  exhaled 
from  the  blood ;  and  the  gas  which  disappears  from  the  air  is  absorbed  by 
the  blood,  mainly  by  the  red  corpuscles. 

A  proper  supply  of  oxygen  is  indispensable  to  nutrition  and  even  to  the 
comparatively  mechanical  process  of  circulation;  but  it  is  no  less  necessary 
to  the  nutritive  processes  that  carbon  dioxide,  which  the  blood  acquires  in 
the  tissues,  should  be  removed. 

Respiration  may  l^e  defined  strictly  as  the  process  by  which  the  various 
tissues  and  organs  receive  and  appropriate  oxygen. 

Aa  it  is  almost  exclusively  through  the  blood  that  the  tissues  and  organs 
are  supplied  with  oxygen,  and  as  the  blood  receives  and  exhales  most  of  the 
carbon  dioxide,  the  respiratory  process  in  the  lungs  may  be  said  to  consiist 
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chiefly  in  the  change  of  venous  into  arterial  blood ;  but  experiments  have 
demonstrated  that  the  tissues  themselves,  detached  from  the  body  and  placed 
in  an  atmosphere  of  oxygen,  will  absorb  this  gas  and  exhale  carbon  diox- 
ide. Under  these  conditions  they  certainly  respire ;  and  it  is  evident,  there- 
fore, that  in  this  process,  the  intervention  of  the  blood  is  not  an  absolute 
necessity. 

The  tide  of  air  in  the  lungs  does  not  strictly  constitute  respiration. 
These  organs  merely  serve  to  facilitate  the  introduction  of  oxygen  into  the 
blood  and  the  exhalation  of  carbon  dioxide.  If  the  system  be  drained  of 
blood  or  if  the  blood  be  rendered  incapable  of  interchanging  its  gases  with 
the  air,  respiration  ceases,  and  all  the  phenomena  of  asphyxia  are  presented, 
although  air  be  introduced  into  the  lungs  with  perfect  regularity.  It  must 
be  remembered  that  the  essential  processes  of  respiration  take  place  in  all 
the  tissues  and  organs  of  the  system  and  not  in  the  lungs.  Respimtion  is  a 
process  similar  to  what  are  known  as  the  processes  of  nutrition ;  and  although 
it  is  much  more  active  and  uniform  than  are  the  ordinary  nutritive  changes, 
it  is  inseparably  connected  with  and  strictly  a  part  of  the  general  process. 
As  in  the  nutrition  of  the  tissues  the  nitrogenized  constituents  of  the  blood, 
united  with  inorganic  substances,  are  transformed  into  the  tissue  itself, 
finally  changed  into  excrementitious  products,  such  as  the  urinary  mat- 
ters, and  discharged  from  the  body,  so  the  oxygen  of  the  blood  is  appro- 
priated, and  carbon  dioxide,  which  is  an  excrementitious  substance,  is  pro- 
duced, whenever  tissues  are  worn  out  and  regenerated.  There  is  a  necessary 
and  inseparable  connection  between  all  these  processes ;  and  they  must  be 
considered,  not  as  distinct  in  themselves,  but  as  different  parts  of  the  general 
function  of  nutrition. 

As  physiologists  are  unable  to  follow  out  all  the  intermediate  changes 
which  take  place  between  the  appropriation  of  nutritive  materials  from  the 
blood  and  the  production  of  effete,  or  excrementitious  substances,  it  is  impos- 
sible to  say  precisely  how  oxygen  is  used  by  the  tissues  and  how  carbon  dioxide 
is  produced.  It  is  known  only  that  more  or  less  oxygen  is  necessary  to  the 
nutrition  of  all  tissues,  in  all  animals,  high  or  low  in  the  scale,  and  that  the 
tissues  produce  a  certain  quantity  of  carbon  dioxide.  The  fact  that  oxygen 
is  consumed  with  much  greater  rapidity  than  any  other  nutritive  substance 
and  that  the  production  of  carbon  dioxide  is  correspondingly  active,  as  com- 
pared with  other  effete  products,  points  to  a  connection  between  the  absorp- 
tion of  the  one  and  the  production  of  the  other. 

The  essential  conditions  for  respiration  in  animals  which  have  a  circulat- 
ing nutritive  fluid  are  air  and  blood  separated  by  a  membrane  which  will 
allow  the  passage  of  gases.  The  effete  products  of  respiration  contained  in 
tlie  blood,  the  most  important  of  which  is  carbon  dioxide,  pass  out  and  vitiate 
the  air.  The  air  is  deprived  of  a  certain  portion  of  its  oxygen,  which  passes 
into  the  blood,  to  be  conveyed  to  the  tissues.  Thus  the  air  must  be  changed 
to  supply  fresh  oxygen  and  get  rid  of  the  carbon  dioxide.  The  rapidity  of 
this  change  is  in  proportion  to  the  nutritive  activity  of  the  animal  and  the 
rapidity  of  the  circulation  of  the  blood. 
9 
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Physiological  Ax  atomy  of  the  Respiratory  Organs. 

Passing  backward  from  the  mouth  to  the  pharynx,  two  openings  are 
observed ;  a  posterior  opening,  which  leads  to  the  oesophagus,  and  an  ante- 
rior oj^ening,  the  oj)ening  of  the  laniix,  which  is  the  beginning  of  the  pas- 
sages concerned  exclusively  in  respiration. 

Beginning  with  the  larynx,  it  is  seen  that  the  cartilages  of  which  it  is 
composed  tire  sufficiently  rigid  and  unyielding  t^i  rcs^ist  the  pressure  prodno^ta^ 
by  any  inspiratory  effort.  Across  its  superior  opening  are  the  vocal  chordfl^ 
which  are  four  in  numl>er  and  have  a  direction  from  before  backward.  The 
two  superior  are  called  the  false  vocal  chords,  l>ecause  they  are  not  concerned 
in  the  production  of  the  voice.  The  two  inferior  are  the  true  vocal  chords. 
They  are  ligamentous  bands  covered  by  folds  of  mucous  membrane,  which  is 
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quite  thick  on  the  superior  chords  and  very  thin  and  delicate  on  the  tml 
vocal  chords.     These  bands  are  attached  anteriorly  to  a  fixed  point  between 
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the  thyroid  cartilages,  and  posteriorly,  to  the  movable  arytenoid  cartilages. 
Air  is  admitted  to  the  trachea  through  an  opening  between  the  chords,  which 
is  called  the  rima  glottidis.  Little  muscles,  arising  from  the  thyroid  and  cri- 
coid and  attached  to  the  arytenoid  cartilages,  are  capable  of  separating  and 
approximating  the  points  to  which  the  vocal  chords  are  attached  posteriorly, 
so  as  to  open  and  close  the  rima  glottidis. 

If  the  glottis  be  exposed  in  a  living  animal,  certain  regular  movements  are 
presented,  which  are  synchronous  with  the  acts  of  respiration.  The  larynx 
is  slightly  opened  at  each  inspiration,  by  the  action  of  the  muscles  referred  to 
above,  so  that  the  air  has  a  free  entrance  to  the  trachea.  At  the  termination 
of  the  inspiratory  act  these  muscles  are  relaxed,  the  vocal  chords  fall  together 
by  their  own  elasticity,  and  in  expiration,  the  chink  of  the  glottis  returns  to 
the  condition  of  a  narrow  slit  The  expulsion  of  air  from  the  lungs  in  tran- 
quil respiration  is  a  passive  process  and  tends  in  itself  to  separate  the  vocal 
chords ;  but  inspiration,  which  is  active,  were  it  not  for  the  movements  of 
the  glottis,  would  have  a  tendency  to  draw  the  vocal  chords  together.  The 
muscles  which  are  concerned  in  producing  these  movements  ai-e  animated  by 
the  inferior  laryngeal  branches  of  the  pneumogastric  nerves.  The  respiratory 
movements  of  the  larynx  are  entirely  distinct  from  those  concerned  in  the 
prodnction  of  the  voice. 

Attached  to  the  anterior  portion  of  the  larynx,  is  the  epiglottis,  a  little, 
leaf -shaped  lamella  of  fibro-cartilage,  which,  during  ordinary  respiration,  pro- 
jects upward  and  lies  against  the  posterior  portion  of  the  tongue.  During 
the  act  of  deglutition,  respiration  is  momentarily  interrupted,  and  the  air- 
passages  are  protected  by  the  tongue,  which  presses  backward,  carrying  the 
epiglottis  before  it  and  completely  closing  the  opening  of  the  larviix.  Physi- 
ologists have  questioped  whether  the  epiglottis  be  necessary  to  tlie  complete 
protection  of  the  air-passages ;  and  it  has  frequently  been  removed  from  the 
lower  animals  without  apparently  interfering  with  the  proper  deglutition  of 
solids  or  liquids  (Magendie).  It  is  a  question,  however,  whether  the  results 
of  this  experiment  can  be  absolutely  ap})lied  to  the  human  subject.  In  a  case 
of  loss  of  the  entire  epiglottis,  which  was  observed  in  the  Bellevue  Hospital, 
the  patient  experienced  slight  difficulty  in  swallowing,  from  the  pavssage  of 
little  particles  into  the  larynx,  which  produced  cough.  This  case,  and  others 
of  a  similar  character  which  are  on  record,  show  that  tlie  presence  of  the 
epiglottis,  in  the  human  subject  at  least,  is  necessary  to  the  complete  protec- 
tion of  the  air-passages  in  deglutition. 

Passing  down  the  neck  from  the  larynx  toward  the  lungs,  is  the  trachea, 
which  is  four  to  four  and  a  half  inches  (10*10  to  11-43  centimetres)  in  length 
and  about  three-quarters  of  an  inch  (19*1  mm.)  in  diameter.  It  is  provided 
with  cartilaginous  rings,  sixteen  to  twenty  in  number,  which  partially  sur- 
round the  tube,  leaving  about  one-third  of  its  posterior  portion  occupied  by 
fibrous  tissue  mixed  with  a  certain  number  of  non-striated  muscular  fibres. 
Passing  into  the  chest,  the  trachea  divides  into  the  two  primitive  bronchia, 
the  right  being  shorter,  larger  and  more  horizontal  than  the  left.  These 
tubes,  provided,  like  the  trachea,  with  imperfect  cartilaginous  rings,  enter  the 
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Inngs,  divide  atitl  subdivide,  until  the  minute  ramifications  of  the  bronchial 
tree  oi>en  directly  into  the  air-cells.    After  penetrating  the  lungs,  the  carti- 
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lages  became  irregular  and  are  in  the  form  of  oblongs  angular  plates,  which 
are  so  disposed  a^  to  completely  encircle  tlie  tubes*  In  tubes  of  very  small 
size,  these  plates  are  fewer  than  in  tlie  larger  bronchia,  until,  in  tubes  of  a 
less  diameter  than  ^  of  an  inch  (0-5  mm.),  they  disappear. 

The  walls  of  the  trachea  and  bronchial  tubes  are  composed  of  two  distinct 
membranes ;  an  external  membrane,  between  the  layers  of  which  the  carti- 
lages are  situated,  and  a  lining,  mucous  membrane*  The  extermd  membrane 
is  composed  of  inchistic  and  elastic  fibrous  tissue*  Posteriorly,  in  the  space 
not  covered  by  cartilaginous  rings,  these  fibres  are  mixed  with  a  certain  num- 
ber of  non-striated  muscular  fibres,  which  exist  in  two  layers ;  a  thick,  internal 
layer,  in  which  the  fibres  are  transverse,  and  a  thinner,  longitudinal  layer, 
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which  is  externaL  The  eoll€?ction  of  mueciilar  fibres  in  the  posterior  part  of 
the  trachea  is  sometimes  called  the  trachealis  muscle.  Throughout  the 
bronchial  tubes, 
there  are  circular 
{as*-*ieuli  of  nun- 
strtutcHl  muscular 
fibres  lying  just 
benaatli  the  nm- 
oouB  membrane, 
with  a  number  of 
longitudinal  elas- 
tic fibres.  The 
clianicter  of  the 
bhinelnu  »bni})tly 
chun^^s  in  tubes 
less  than  ^  of  an 
inch  (0*5  mm.)  in 
diameter.  They 
then  lose  the  car- 
tilaginous ringSi 
and  the  external 
^d  the  mucous 
membranes  be- 
come so  closely 
united   tliut   they 

^    can  no  longi?r  Iks 

I    separated  by  tlis* 

^Hfection*     The  cir* 

^Hblar  muscular  fibres  contn  ts  the  air-cells*    The  mucous  mem- 

brane is  smooth,  csovered  by  ciliated  epithelium^  the  movementa  of  the  cilia 
being  always  from  within  outward,  and  it  is  provided  with  niueous  glatids. 
Tbc*ii*  glands  are  of  the  racemose  vaj'iety  and  in  thu  larynx  they  are  of  con- 
siderable size.  In  the  trachea  and  bronchia,  racemose  glands  exist  in  tlie 
membrane  on  the  posti?rior  surface  of  the  tubes;  but  anteriorly  are  small  fol- 
licles., terminating  in  a  single,  and  sometimes  a  double,  blind  extremity. 
These  follicles  are  lost  in  tubes  measuring  less  than  ^^  of  an  inch  (0*5  mm.) 
in  diameter. 

When  moderately  inflated,  the  lungs  have  the  appearance  of  irregular 
coni^  with  roundetl  apices,  and  concave  bases  resting  upon  the  diaphnigm, 
They  fill  that  part  of  the  cavity  of  the  thorax  whicli  is  not  occupied  by  the 
hc^irt  and  greut  vessels,  and  are  completely  separated  from  each  other  by  the 
medinstinunu  The  lungs  are  in  contact  with  the  tliomcic  walk,  each  lung 
being  coverctl  by  a  reflection  of  the  serous  membrane  wliieh  lines  the  cavity 
of  the  corresponding  side.  Thus  they  necessarily  follow  the  movements  of 
expansion  and  contraction  of  the  thorax.  Deep  fissures  divide  the  right  lung 
into  three  lobes  and  tlie  left  lung  into  two.    The  surface  of  the  lungs  is  di- 
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vided  into  irregularly  polygonal  spaces^  ^  of  an  incli  to  an  inch  (6-4  to  254 
mm.)  in  diameter,  wliich  mark  what  are  sometimea  called  the  pnlinonary 
lobulea ;  although  this  term  is  incorrect,  as  ea^h  of  these  divisions  includes 
quite  a  number  of  the  true  lobules. 

Following  out  the  bronchisil  tubes  from  the  diameter  of  -^  of  an  inch 
(0-5  mm,),  the  smallest,  which  are  j^  to  if^  of  an  inch  (0'21  to  OiJ3  mm.) 
in  diameter,  open  into  a  cuUeetion  uf  oblong  vesicles,  which  are  the  air- 
cells.  Each  collection  of  vesicles  constitutes  one  of  the  true  pulmonary 
lobules  and  is  ^  to  ^^  of  an  inch  (0*5  to  21  mm,)  in  diameter.  After 
entering  the  lobule,  the  tube  forms  a  tortuous  central  canals  sending  off 
bmnchcs  which  terminate  in  groups  of  eight  to  fifteen  pulmonary  cell 
The  cells  are  a  little  deeper  tlian  they  are  wide  and  have  each  a  rounde 

blind  extremity.  Some  are  smooth* 
but  many  are  marked  by  little  cir- 
cular constrictions,  or  rugae-  In 
the  healthy  lung  of  the  adnlt^  after 
death,  they  measure  yj-j^  to  ^j^  or 
^  of  an  inch  (0  125  to  0-21  or 
O'M  mm,)  in  diameter,  but  are 
capable  of  very  great  distention. 
The  smallest  cells  are  in  the  deep 
portions  of  the  lungs,  and  the 
largest  are  situated  near  the  sur- 
face. There  are  considerable  vari- 
ations in  the  size  of  the  cells  at 
different  periods  of  life.  The 
smallest  cells  are  found  in  young 
children,  and  they  progressively 
increase  in  size  with  age.  The 
walls  of  the  air-cells  contain  very 
abundant  small,  elastic  fibres, 
w*hicli  do  not  form  distinct  bun- 


FlO,  i:i,—Mould  tff  a  terminal  bmnw^kut  and  a  group  of 
aircrih  uunirKitelff  dittended  bjf  hijectiofi^  from 
iAeMuaian  subject  iBobiu). 


dies  for  each  air-cell,  but  anaslo^H 
mose   freely  with   each   other,  i^* 


that  the  same  fibres  belong  to  two 
or  more  cells.  This  structure  is 
peculiar  to  the  parenchyma  of  the  hings  and  gives  to  these  organs  their  great 
distensibilit}'  and  elasticity,  properties  which  play  an  important  part  in  ex- 
pelling the  air  from  the  chest,  as  a  consequence  simply  of  cessation  of  the 
action  of  the  inspiratory  muscles  Interwoven  with  these  elastic  fibrea,  is  the 
richest  plexus  of  capillary  blood-vessels  found  in  the  economy.  The  vesBela 
are  larger  than  the  capillaries  in  other  situations,  and  the  plexus  is  so  close 
that  the  spaces  between  them  are  narrower  than  the  ve^ssels  themselvea. 
When  distended,  the  blood-vessels  form  the  greatest  part  of  the  walls  of  the 
cells. 

Lining  the  air-cells,  are  very  thin  cells  of  flattened  epithelium,  Yhf^  ^ 
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B     iVirg  ^^  ^^  ^^^^  (10  to  12*5  /i),  in  diameter,  which  aro  applied  directly  to  the 
^Bpidls  of  the  blood-vessels*     The  epithelium  hei'e  does  not  seem  to  be  regiilar- 
^^^  de8f|uamated  as  in  other  sittmtians.     Examination  of  injected  sjiecimens 
r     shows  that  the  blood-vessels  are  so  gitnated  lietweeu  the  eells,  that  the  blomi 
in  the  greiUer  part  of  their  cireumferenee  \&  exposed  to  the  action  of  tlie  air. 
The  entire  majss  of  venous  blood  is  distributed  in  tlie  lungs  by  the  pul- 
monary artery.    Arterial  blood  is  conveyed  to  these  organs  by  the  bronchial 
arteries,  which  ramify  and  subdivide  on  the  bronchial  tubes  and  follow  their 
course  into  the  lungs,  for  the  nouri8]mient  of  these  parts.     It  is  possible  that 
the  tissue  of  the  lungs  may  receive  some  nourishment  from  the  blood  of 
the  pulmonary  artery ;  but  as  this  vessel  does  not  send  any  branches  to  the 
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bronchial  tubes,  the  bronchial  arteries  supply  the  matters  for  their  nutrition 
and  for  the  secretion  of  the  mucous  glands. 

The  foregoing  anatomical  sketch  shows  the  adaptation  of  the  trachea  and 
bronchiid  tubes  t^i  the  passage  of  the  air  by  inspinition  to  the  deep  portions 
of  the  lungs,  and  the  favorable  conditions  which  it  there  meets  with  for  an 
interchange  of  gaaes.  It  is  also  evident,  from  the  great  nnmlier  of  air-cells, 
that  the  respiratory  surface  must  be  very  large^  although  it  is  imi>08sible  to 
form  an  accurate  estimate  of  ita  extent 

Movements  of  Respiration. 

In  man  and  in  the  warm-blooded  animals  generally,  inspiration  takes 
place  as  a  consequence  of  enlargement  of  tlie  tlioracic  cavity  and  the  en- 
tTaoce  of  a  rjuantity  of  air  througli  the  respiratory  paissages,  con'esponding 
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portion  ( 

Ihe  ^>ft*ie  of  thr  thorax  :  fi«  ftret  rib ;  7,  v**^' 
ond  rib  :  8,  8,  la^t  fl^e  slcriial  rib» ;  9.  up- 
per three  fal**  rib* ;  10,  laat  two^  or  Hoat* 
lag  ribs  ;  11,  coet&l  carttlagea. 


to  the  increased  capacity  of  the  lungs.     In  the  mammalia,  the  chest  is  en- 
larged by  the  action  of  muscles ;  and  in  orflinary  respiration,  inspiration  is 

an  active  process,  while  ordinary  expi 
tiou  is  passive. 

A  glance  at  the  physiological  anato-" 
my  of  the  thorax  in  the  human  subject 
makes  it  evident  that  the  action  of  cer- 
tain muscles  will  considerably  increase  its 
capacity.  In  the  first  pltice,  the  dia- 
pliragm  mounts  up  into  its  cavity  in  the 
form  of  a  vaulted  ai'ch.  By  contraction 
of  its  tibres,  it  is  brought  nearer  a  plane, 
and  thus  the  vertical  diameter  of  the 
thorax  is  increased.  The  walls  of  the 
thorax  are  formed  by  the  dorsal  vertebne 
and  ribs  iwstcriorly,  by  the  upper  ten 
ribs  laterally,  and  by  the  sternum  and 
costal  cartilages  anteriorly.  The  direc- 
Fia.  u.-Thomjc,  ant*'ri(n-  tnVir  (Sappeyv  tiou  of  the  ribs,  their  mode  of  connection 
i.t.8.«ternum^4,^cirx^mf|^  With  tlic  ^tcmum  by  the  costal  cartilages, 

and  their  articulation  with  the  vertebral 
column,  are  such   that  by  their  move- 
ments* the  antero-posterior   and    trans- 
verse diameters  of  the  chest  may  be  considerably  modified. 

InfipiraiioH, — ^The  ribs  are  somewhat  twisted  upun  themselves  and  have 
general  direction  forward  and  downward.  The  first  rib  is  nearly  horixoui 
but  the  obliquity  of  the  ribs  progressively 
increases  from  the  upper  to  the  lower 
part  of  the  chest.  They  are  articulated 
with  the  bodies  of  the  vertebrae,  so  as  to 
allow  of  C4:>nsiderable  motion.  The  up- 
per seven  ribs  are  attached  by  the  costal 
cartilages  to  the  sternum,  these  cartilages 
running  upward  and  inward.  The  car- 
tilages of  tlie  eighth,  ninth  and  tenth 
ribs  are  joine<i  to  the  cartihige  of  the  sev- 
enth. The  eleventh  and  twelfth  are 
floating  ribs  and  are  attached  oiUy  to  the 
vertebriP. 

It  may  be  stated  in  general  terms  that 
inspiration  is  effected  by  descent  of  the 
diaphragm  and  elevation  of  the  ribs ;  and 
expiration^  by  elevation  of  tlie  diapliragm 
and  descent  of  the  ribs. 

Arising  severally  from  the  lower  bor- 
der of  each  rib  and  attached  to  the  up- 
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per  border  of  the  rib  below,  are  the  eleven  external  intercostal  muscles,  the 
fibres  of  which  have  an  oblique  direction  from  above  downward  and  forward. 
Attached  to  the  inner  borders  of  the  ribs,  are  the  internal  intercostals,  which 
have  a  direction  from  above  downward  and  backward,  nearly  at  right  angles 
to  the  fibres  of  the  external  intercostals.  There  are  also  certain  muscles 
attached  to  the  thorax  and  spine,  thorax  and  head,  upper  part  of  humerus, 
etc.,  which  are  capable  of  elevating  either  the  entire  chest  or  the  ribs.  These 
must  act  as  muscles  of  inspiration  when  the  attachments  to  the  thorax  be- 
come the  movable  points.  Some  of  them  are  called  into  action  during  ordi- 
nary respiration ;  others  act  as  auxiliaries  when  respiration  is  a  little  exag- 
gerated, as  after  exercise,  and.  are  called  ordinary  auxiliaries ;  while  others, 
which  ordinarily  have  different  uses,  act  only  when  respiration  is  difllcult, 
and  are  called  extraordinary  auxiliaries. 

The  following  are  the  principal  muscles  concerned  in  inspiration : 

MUSCLES  OF  INSPIRATION. 
Ordinary  Respiration, 

MTBCLX.  ATTACHMKNTS. 

Diaphragm Circumference  of  lower  border  of  thorax. 

Scalenus  aiiticus Transverse  processes  of  third,  fourth,  fifth  and 

sixth  cervical  vertebr»— tubercle  of  first  rib. 

Scalenus  medius Transverse  processes  of  lower  six  cervical  vertebne 

upper  surface  of  first  rib. 

Scalenus  posticus Transverse  processes  of  lower  two  or  three  cer- 
vical vertebrjB outer  surface  of  second  rib. 

External  intercostals Outer  borders  of  the  ribs. 

Sternal  portion  of  internal  intercostals.  .Borders  of  the  costal  cartilages. 

Twelve  levatores  costarum .Transverse  processes  of  dorsal  vertebrae ribs, 

between  the  tubercles  and  angles. 

Ordinary  Auxiliaries. 

Serratus  posticus  superior Ligamentum  nueh©,  spinous  processes  of  last  cer- 
vical and  upper  two  or  three  dorsal  vertebrw 

upper  borders  of  second,  third,  fourth  and  fifth 
ribs,  just  beyond  the  angles. 

Stemo-mastoideus UpjxT  [)art  of  sternum mastoid  process  of  tem- 
poral bone. 

Extraordinary  Auxiliaries. 

Levator  anguli  scapulie Transverse  processes  of  upper  three  or  four  cer- 
vical vertebne posterior  border,  of  superior 

angle  of  scapula. 

Trapezius  (superior  portion) Ligamentum  nuchap  and  seventh  cervical  verte- 
bra  upper  border  of  spine  of  scapula. 

Pectoralis  minor Coracoid  process  of  scapula anterior  surface 

and  upper  margins  of  third,  fourth  and  fifth 
ribs,  near  the  cartilages. 

Pectoralis  major  (inferior  portion) Bicipital  groove  of  humerus costal  cartilages 

and  lower  part  of  sternum. 

Serratus  magnus Inner  margin  of  posterior  border  of  scapula 

external  surface  and  upper  border  of  u[)per 
eight  ribs. 
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Action  of  tJie  Diaphragm. — The  descriptive  and  general  anatomy  of  the 
diaphragm  gives  a  pretty  correct  idea  of  its  nses  in  respiration.     It  arises 

from  the  border  of  the  lower  eironmfer- 
ence  of  the  thorax  and  mounts  into  the 
cavity  of  the  ehest,  forming  a  vaulted 
arch,  or  dome,  with  its  concavity  toward 
the  abdomen  and  its  convexity  toward 
the  lun^8.  In  the  central  portion,  there 
h  a  tenduu  of  considerable  size  and  shaj>ed 
something  like  the  club  on  a  playing- 
card,  with  middle,  right  and  left  leAflet^ 
The  rem  Hinder  of  the  organ  is  composed 
of  nidiatin^  fibres  of  striated  muscular 
tii^sue.  The  (esophagus,  aorta  and  infe- 
rior vena  cava  pa^  through  the  dia- 
phragm from  the  thoracic  to  the  abdom- 
inal cavity,  by  three  openings. 

The  opening  for  the  oBsophagus  is  sur- 
rounded by  muscular  fibres,  by  wdiich  it 
is  partially  closed  when  the  diaphragm 
contracts   in   inspiration,  as   the    fibres 


Pio.  47«— Jdion  of  the  diaphragm  in  itttpira^ 
tion  (Hemwiiti). 


Verlkal  sectloo  tbroujrb  the  i»ecnnd  rib  on  ttie 


3!?itt2^«S'»to™aS'dlMJJS!'  "^  simply  surronnd  the  tube  and  none 

attached  to  its  walls. 
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The  orifice  for  the  aorta  is  bounded  by  the  bone  and  aponearosis  posteri- 
orly, and  in  front,  by  a  fibrous  band  to  which  the  muscular  fibres  are  attached, 
so  that  their  contraction  has  a  tendency  rather  to  increase  than  to  diminish 
the  caliber  of  the  vessel. 

The  orifice  for  the  vena  cava  is  surrounded  entirely  by  tendinous  struct- 
ure, and  contraction  of  the  diaphragm,  although  it  might  render  the  form  of 
the  orifice  more  nearly  circular,  can  have  no  effect  upon  its  size. 

In  ordinary  respiration,  the  descent  of  the  diaphragm  and  its  approxima- 
tion to  a  plane  are  the  chief  phenomena  observed ;  but  as  there  is  some  re- 
sistance to  the  depression  of  the  central  tendon,  it  is  probable  that  there  is 
also  a  slight  elevation  of  the  inferior  ribs. 

The  phenomena  referable  to  the  abdomen  which  coincide  with  the  de- 
scent of  the  diaphragm  can  easily  be  observed  in  the  human  subject.  As  the 
diaphragm  is  depressed,  it  necessarily  pushes  the  viscera  before  it,  and  inspi- 
ration is  therefore  accompanied  by  protrusion  of  the  abdomen.  This  may 
be  rendered  very  marked  by  a  forced  or  deep  inspiration. 

The  effects  of  the  action  of  the  diaphragm  upon  the  size  of  its  orifices 
are  chiefiy  limited  to  the  oesophageal  opening.  The  anatomy  of  the  parts  is 
such  that  contraction  of  the  muscular  fibres  has  a  tendency  to  close  this 
orifice.  The  contraction  of  the  diaphragm  is  auxiliary  to  the  action  of  the 
muscular  walls  of  the  oesophagus  itself,  by  which  the  cardiac  opening  of  the 
stomach  is  regularly  closed  during  inspiration.  This  may  become  impor- 
tant when  the  stomach  is  much  distended ;  for  descent  of  the  diaphragm 
compresses  all  the  abdominal  organs  and  might  otherwise  cause  regurgitation 
of  food. 

The  contractions  of  the  diaphragm  are  animated  almost  exclusively,  if  not 
exclusively,  by  the  phrenic  nerve ;  a  nerve  which,  having  the  office  of  sup- 
plring  the  most  important  respiratory  muscle,  derives  its  filaments  from  a 
number  of  sources.  It  arises  from  the  third  and  fourth  cervical  nerves,  re- 
ceiving a  branch  from  the  fifth  and  sometimes  from  the  sixth.  It  then  passes 
through  the  chest,  penetrates  the  diaphragm,  and  is  distributed  to  its  under 
surface.  Stimulation  of  this  nerve  produces  convulsive  contractions  of  the 
diaphragm,  and  its  section  paralyzes  the  muscle  almost  completely. 

From  the  great  increase  in  the  capacity  of  the  chest  produced  by  the  ac- 
tion of  the  diaphragm  and  its  constant  and  universal  action  in  respiration,  it 
must  be  regarded  as  by  far  the  most  important  and  efficient  of  the  muscles 
of  inspiration. 

Hiccough,  sobbing,  laughing  and  crying  are  due  mainly  to  the  action  of 
the  diaphragm,  particularly  hiccough  and  sobbing,  which  are  produced  by 
spasmodic  conti-actions  of  this  muscle,  generally  not  under  the  control  of  the 
will. 

Action  of  the  Muscles  which  elevate  the  Ribs, — Scalene  Muscles. — Inordi- 
nary respiration,  the  ribs  and  the  entire  chest  are  elevated  by  the  combined 
action  of  a  number  of  muscles.  The  three  scalene  muscles  are  attached  to 
the  cer>'ical  vertebrae  and  the  first  and  second  ribs.  These  muscles,  which 
act  particularly  upon  the  first  rib,  must  elevate  with  it,  in  inspiration,  the 
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rest  of  the  thorax.  The  articulation  of  the  first  rib  with  the  rertebral  column 
is  very  movtible,  but  it  is  joined  to  the  sternum  by  a  very  short  cartilage, 
which  allows  of  very  little  movement,  so  that  [t&  elevation  necessjirily  carries 
with  it  the  sternum.  This  movoment  increases  h(jth  the  transverse  and  an- 
tero-posterior  diameters  of  thu  thorax,  on  account  of  the  mode  of  aj'ticulation 
and  direction  of  the  ribs,  which  are  somewhat  rotated  as  well  as  rendered 
more  horizontal. 

iHtervosittl  J/«*"*r//',«.^-Coneerning  the  mechanism  of  the  action  of  these 
muscles  there  is  eonsidorablL*  difference  of  opinion  among  jdiysiolo^ists;  bo 
mucli,  indft^U  that  the  question  is  still  left  in  some  uncertainty.  The  most 
extended  resuarches  on  this  point  ai*e  those  of  Beau  and  Maissiat  (1843),  and 
Sihson  (1H4()).  Thu  latter  seem  to  settle  the  c|uostion  of  the  mode  of  action 
of  the  intercostals  and  explain  satisfactorily  certain  points  which  even  now 
are  not  generally  appreciated.  Oniraus,  and  more  recently,  Laborde,  liave 
shown,  by  experiments  upon  deca]>itat<jd  criminals,  that  the  external  inter- 
c<>8tals  raise  and  the  internal  intercoatals  depress  tlie  ribs,  thus  confirming 
the  views  of  8ibson. 

In  the  dorsal  region,  the  spinal  column  forms  an  arch  with  ita  eonearity 
looking  toward  the  chest,  and  the  ribs  increase  in  length  progressively^  from 
above  downward,  to  the  deepest  ]«ortion  of  the  arch,  where  they  ai*e  longest, 
and  then  become  progressively  shorter.  "  During  inspiration  the  ribs  ap- 
proach to  or  recede  from  each  other  according  to  tlie  part  of  the  arch  with 
which  they  articulate ;  the  four  superior  ribs  approach  each  other  anteriorly 
and  recede  from  eacli  other  posteriorly ;  the  fourth  and  fifth  ribs,  and  the 
intermediate  set  (sixth,  seventh,  and  eighth),  move  further  ajnirt  to  a  mod- 
erate, the  diaphragmatic  set  (four  inferior),  to  a  great  extent.  The  \\\\\m 
edge  of  each  of  these  ribs  glides  towai*d  the  vertebra?  in  relation  to  the  lower 

edge  of  the  rib  above,  with  the  exception  of  the 
lowest  rib  which  is  stationary"  (Sibson).  These 
movenicnts  increase  the  antero-posterior  and  tmns- 
VLTSe  diameters  of  the  thonix.  As  the  ribs  arc  ele- 
vnted  and  become  more  nearly  horizontal,  they 
must  push  forward  the  lower  portion  f)f  the  ster- 
num. Their  contigu ration  and  mode  of  articula- 
tion with  the  vertebrje  are  such  that  they  C4in  not 
be  elevated  witlmut  imdergoing  a  considerable  ro- 
tation, by  which  the  concavity  looking  directly  to- 
ward the  lungs  is  increased,  and  with  it  tlie  lateral 
diameter  of  the  chest.  All  the  intercostal  spaces 
posteriorly  are  widened  in  inspiration. 

The  ribs  are  elevated  by  the  action  of  the  ex- 
ternal intercostals,  the  sternal  portion  of  the  inter* 
nal  intercostals  ajid  the  levatores  costarum.  The 
external  intercostals  are  situated  between  the  ribs  only,  and  are  wanting  in 
the  region  of  the  costal  cartilages.  As  the  vertebnd  extremities  of  the  ribs 
are  the  pivots  on  wliicli  these  levers  move,  and  as  the  sternal  extremities  are 
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moTable,  the  direction  of  the  fibres  of  the  intercostals  from  above  downward 
and  forward  renders  elevation  of  the  ribs  a  necessity  of  their  contraction,  if 
it  can  be  assumetl  that  the  first  rib  is  fixed  or  at  least  does  not  move  down- 
ward. The  scalene  muscles  elevate  the  first  rib  in  ordinary  inspiration ;  and 
in  deep  inspiration,  this  takes  place  to  such  an  extent  as  to  palpably  carry 
with  it  the  sternum  and  the  lower  ribs.  Theoretically,  then,  the  external  in- 
tercostals can  do  nothing  but  render  the  ribs  more  nearly  horizontal. 

If  the  external  intercostals  be  exposed  in  the  dog — in  which  the  costal 
type  of  respiration  is  very  marked — close  observation  can  hardly  fail  to  show 
that  these  muscles  enter  into  action  in  inspiration.  If  attention  be  directed 
to  the  sternal  portion  of  the  internal  intercostals,  situated  between  the  costal 
cartilages,  their  fibres  having  a  direction  from  above  downward  and  back- 
ward, it  is  equally  evident  that  they  enter  into  action  with  inspiration.  By 
artificially  infiating  the  lungs  after  death,  it  is  seen  that  when  the  lungs  are 
filled  with  air,  the  fibres  of  these  muscles  are  shortened  (Sibson).  In  inspira- 
tion the  ribs  are  all  separated  posteriorly ;  but  laterally  and  anteriorly,  some 
are  separated  (all  below  the  fourth),  and  some  are  approximated  (all  above 
the  fourth).  Thus  all  the  interspaces,  except  the  anterior  portion  of  the  up- 
per three,  are  widened  in  inspiration.  Sibson  has  shown  by  inflation  of  the 
chest,  that  although  the  ribs  are  separated  from  each  other,  the  attachments 
of  the  intercostals  are  approximated.  The  ribs,  from  an  oblique  position,  are 
rendered  nearly  horizontal ;  and  consequently  tlie  inferior  attachments  of  the 
intercostals  are  brought  nearer  the  spinal  column,  while  the  superior  attach- 
ments to  the  upper  borders  of  the  ribs  are  slightly  removed  from  it.  Thus 
these  muscles  are  shortened.  If,  by  separating  and  elevating  the  ribs,  the 
muscles  be  shortened,  it  follows  that  shortening  of  the  muscles  will  necessa- 
rily elevate  and  separate  the  ribs.  In  the  three  superior  interspaces,  the  con- 
stant direction  of  the  ribs  is  nearly  horizontal,  and  the  course  of  the  inter- 
costal fibres  is  not  so  oblique  as  in  those  situated  between  the  lower  ribs. 
These  spaces  are  narrowed  in  inspiration.  The  muscles  between  the  costal 
cartilages  have  a  direction  opposite  to  that  of  the  external  intercostals  and 
act  upon  the  ribs  from  the  sternum,  as  the  others  do  from  the  spinal  column. 
The  superior  interspace  is  narrowed,  and  the  others  are  widened  in  inspiration. 

Levatore^  Costarum. — The  action  of  these  muscles  can  not  be  mistaken. 
They  have  immovable  points  of  origin,  the  transverse  processes  of  twelve 
vertebrse  from  the  last  cervical  to  the  eleventh  dorsal,  and  spreading  out  like 
a  fan,  are  attached  to  the  upper  edges  of  the  ribs  between  the  tubercles  and 
the  angles.  In  inspiration  they  contract  and  assist  in  the  elevation  of  the 
ribs. 

Auxiliary  Muscles  of  Inspiration. — The  muscles  which  have  just  been 
considered  are  competent  to  increase  the  capacity  of  the  thorax  sufficiently  in 
ordinary  respiration ;  but  there  are  certiiin  muscles  attached  to  the  chest  and 
the  upper  part  of  the  spinal  column  or  the  upper  extremities,  which  may  act 
in  inspiration,  although  ordinarily  the  chest  is  the  fixed  point  and  they  move 
the  head,  neck  or  arms.  These  muscles  are  brought  into  action  when  the 
movements  of  respiration  are  exaggerated.     When  this  exaggeration  is  but 
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slight  and  is  physiological,  as  after  exercise,  certain  of  the  ordinary  auxilia- 
ries act  for  a  time,  until  the  tranquillity  of  the  movements  is  restored  ;  bat 
when  there  is  ol>struetion  in  the  respirat4]>ry  passages  or  when  respiration  is 
diffieult  from  any  cause^  threatening  suffocation,  all  the  muscles  which  can 
by  any  possibility  mise  the  clwsi  are  brought  into  action.  These  are  put  down 
in  the  table  under  the  head  of  extnuirdiuary  auxiliaries.  Most  of  these  mus- 
cles can  vohintarily  be  brought  into  play  to  raise  the  chest,  and  the  mechan- 
ism of  their  action  can  in  this  way  be  demoastrated. 

SejTafu.'i  Post f CUM  SHiwrioj'. — This  muscle,  by  i*eversing  its  ordinary 
action,  is  capable  of  inereiising  the  o^ipticity  of  the  thorax, 

Sierno-mft^foideits. — That  portion  of  the  muscle  which  is  attai'hed  to  t 
mastoid  process  of  the  temporal  In^ne  and  the  sternum,  when  the  heatl  is  fixed, 
is  capable  of  acting  as  a  niusi?le  of  inspiration.     It  does  not  act  in  ordinary 
respiration,  but  its  coutmctions  can  be  readily  obseiTcd  whenever  respiration 
is  hurried  or  exaggerated. 

The  following  muscles  as  a  rule  act  as  muscles  of  inspiration  only  when 
respiration  is  very  difficult  or  labored : 

Levator  AnguH  Scapfd(s  and  Superior  Portion  of  the  Trapezius, — Move- 
ments of  the  scapula  have  often  been  observed  in  labored  resijiration.  Its 
elevation  during  inspiration  is  elfected  chiefly  by  the  levator  angiili  seapulie 
and  the  up|>er  portion  of  the  traix^zius. 

PertoraUs  Minor  ftml  Infvrior  Purfion  of  the  Pevtoralis  Major. — ThedS^H 
muscles  act  together  to  raise  the  ribs  in  difficult  respiration.  The  pecU>rall|^B 
minor  is  tlie  more  efficient.  With  the  coracoid  process  as  the  fixed  point, 
this  muscle  is  capable  of  powerfully  assisting  in  the  elevation  of  the  ribs. 
That  portion  of  tixe  pectoral  is  major  which  is  attached  to  the  lower  part  of 
the  sternum  and  costal  cartilages  is  ca])al)Ie  of  acting  from  its  insertion  into 
the  bicipital  groove  of  tlie  humerus,  when  the  shoulders  are  tixed,  in  concert 
with  the  pectoral  is  minor. 

SerrafitM  Mtff/N ft m,— -Acting  from  the  scapubi  as  the  fixed  point,  this  mus- 
cle is  capable  of  assisting  the  pectorals  io  raising  the  ribs  and  becomes  a  pow- 
erful auxiliary  in  difficult  inspiration. 

The  uses  of  the  principal  inspirat^iry  muscles  liave  been  considered  with- 
out talking  up  those  which  have  an  iusiguiticant  or  undetermined  action.  In 
many  animals,  the  nares  are  considerably  distended  in  inspiration ;  and  in 
the  horse,  which  does  Tiot  respire  by  the  mouth,  these  movements  are  as  es- 
sential to  life  as  are  the  respiratory  movements  of  the  larynx.  In  man,  ae 
a  rule  tlie  uares  undergo  no  movements  unless  respiration  be  somewhat  ex 
aggerated.  In  very  difficult  respiration  the  mouth  is  o])ened  at  e^ich  inspi: 
tory  act. 

The  divii^ion  into  muscles  of  ordinary  inspiration,  ordinary  auxiliaries  and 
extmordinary  auxiliaries,  must  not  be  taken  as  absolute?.  In  the  male,  in 
ordinary  respimtion,  the  diaphragm,  intercostals  and  fevatores  costartmi  are 
the  principal  ins])iratory  mus4:*les,  and  the  action  of  the  scaleni,  with  the  con- 
sequent elevation  of  the  sternum,  is  commonly  very  slight  or  it  nuiy  be  want- 
ing.   In  the  female  the  movements  of  the  upper  parts  of  the  chest  are  more 
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marked,  and  the  soaleni,  the  serratus  ]X)sticus  superior,  and  sometimes  the 
stemo-mastoid,  are  brought  into  action  in  ordinary  respiration.  In  the 
different  types  of  respiration,  the  action  of  the  muscles  engaged  in  ordinary 
respiration  necessarily  presents  considerable  variations. 

Expiration. — ^The  air  is  expelled  from  the  lungs,  in  ordinary  expiration, 
by  a  simple  and  comparatively  passive  process.  The  lungs  contain  a  large 
number  of  elastic  fibres  surrounding  the  air-cells  and  the  smallest  ramifica- 
tions of  the  bronchial  tubes,  which  give  them  great  elasticity.  The  thoracic 
walls  are  also  very  elastic,  particularly  in  young  persons.  After  the  muscles 
which  increase  the  capacity  of  the  thorax  cease  their  action,  the  elasticity  of 
the  costal  cartilages  and  the  tonicity  of  the  muscles  which  have  been  put  on 
the  stretch  restore  the  chest  to  what  may  be  called  its  passive  dimensions. 
This  elasticity  is  likewise  capable  of  acting  as  an  inspiratory  force  when  the 
chest  has  been  compressed  in  any  way.  There  are  also  certain  muscles,  the 
action  of  which  is  to  draw  the  ribs  downward  and  which,  in  tranquil  respira- 
tion, are  antagonistic  to  those  which  elevate  the  ribs.  Aside  from  this,  many 
operations,  such  as  speaking,  blowing,  singing  etc.,  require  powerful,  pro- 
longed or  complicated  acts  of  expiration,  in  which  many  muscles  are  brought 
into  play. 

Expiration  may  be  considered  as  depending  upon  two  causes : 

1.  The  passive  influence  of  the  elasticity  of  the  lungs  and  thoracic  walls. 

2.  The  action  of  certain  muscles,  which  either  diminish  the  transverse 
and  antero-posterior  diameters  of  the  chest  by  depressing  the  ribs  and  ster- 
num, or  the  vertical  diameter,  by  pressing  up  the  abdominal  viscem  against 
the  diaphragm. 

Influence  of  the  Elasticity  of  the  Pulmonary  Structure  and  Walls  of  the 
Chest, — It  is  easy  to  understand  the  influence  of  the  elasticity  of  the  pul- 
monary structure  in  expiration.  From  the  collapse  of  the  lungs  when  open- 
ings are  made  in  the  cliest,  it  is  seen  that  even  after  the  most  complete  expi- 
ration, these  organs  have  a  tendency  to  expel  part  of  their  gaseous  contents, 
which  can  not  be  fully  satisfied  until  the  chest  is  opened.  They  remain  par- 
tially distended,  on  account  of  the  impossibility  of  collapse  of  the  thoracic 
walls  beyond  a  certain  point ;  and  by  virtue  of  their  elasticity,  they  exert  a 
suction  force  upon  the  diaphragm,  causing  it  to  form  a  vaulted  arch,  or  dome 
above  the  level  of  the  lower  circumference  of  the  chest.  When  the  lungs 
are  collapsed,  the  diaphragm  hangs  loosely  between  the  abdominal  and  tho- 
racic cavities.  In  inspiration  and  in  expiration,  then,  the  relations  between 
the  lungs  and  diaphragm  are  reversed.  In  inspiration,  the  descending  dia- 
phragm exerts  a  suction  force  on  the  lungs,  drawing  them  downward ;  in 
expiration,  the  elastic  lungs  exert  a  suction  force  upon  the  diaphragm,  draw- 
ing it  upward.  This  antagonism  is  one  of  the  causes  of  the  great  power  and 
importance  of  the  diaphragm  as  an  inspiratory  muscle. 

The  elasticity  of  the  lungs  operates  chiefly  upon  the  diaphragm  in  reduc- 
ing the  capacity  of  the  chest ;  for  the  walls  of  the  thorax,  by  reason  of  their 
own  elasticity,  have  a  reaction  which  succeeds  the  movements  produced  by 
the  inspiratory  muscles.     Although  this  is  the  main  action  of  the  lungs 
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themselves  in  expiration,  their  relations  to  the  wulls  of  the  thorax  are  impor- 
tant By  virtue  of  their  ehisticity,  they  assist  the  passive  collapse  of  the 
chest.  When  they  lose  this  proy)erty  to  any  considerable  extent,  aa  in  retic- 
ular emphysema,  they  offer  a  notable  resistance  to  the  contraction  of  the 
thorax;  so  much  indeed,  that  in  old  cases  of  this  disease  the  thoracic  move- 
ments are  restricted,  and  the  cliest  presents  a  characteristic  rounded  and  dis- 
tended appearance. 

Little  more  need  be  said  concerning  the  passive  movements  of  the  tho- 
racic walls.  When  the  action  of  the  inspiratory  muscle  ceases,  the  rib®  regain 
their  oblique  direction,  the  intercostal  spaces  are  narrowed,  and  the  sternum, 
if  it  have  been  elevated  and  drawn  forward,  falls  back  to  itjs  pkce,  simply  l»y 
virtue  of  the  elasticity  of  the  parts. 

Art  ion  of  Mnsdesf  in  Expiration, — The  following  are  the  principal  mus- 
cles concerned  in  expiration : 

MUSCLES  OF   EXPIRATION, 
Ordinary  Rejtpiration, 

XtrSCLS.  ATTACHVKI«TB. 

Osseous  portion  of  internal  intereostals.  .Inner  borders  of  the  ribs. 

Inf rm?c>iitnles Inuer  surfaces  of  Ihi^  ribs. 

Trtauguliu-is  steml. ...  , EnsiforQi  cartilage,  lower  borders  of  steraum^ 

lowtT  thiH^e  ur  four  costal  eartilA^es — carti- 
lages of  the  second,  third,  fourth  and  &fth  ribs. 

AujtiliarieM, 

Obliquus  extemus ...  External  surface  and  inferior  borders  of  eipht 

inferior  ribs anterior  half  of  the  crest  of 

the  ileum*  Poupiirt*s  liganient,  liiiea  alba. 

Oblitjuus  internus. Outer  half  of  Poupart's  ligament*  anterior  two- 
thirds  of  the  cri'jst  of  the  ileum,  lumbar  fascia 

cartOages  of  four  inferior  ribs,  linea  alUw 

crest  of  the  pubi.*<,  jieetineaJ  line. 

Tnastomilis Outer  third  of  PoupartV  Hganvent,  anterior  two* 

Ihirris  of  the  crest  of  the  ileum,  lumbar  verte- 
bra*, inn*^r  surface  of  eartihigt»s  of  six  inferior 
ribs crest  of  the  pubis,  pectineal  line,  linea 

Sacro-lunibalis ,  • *  Sac  rum — —angles  of  six  inferior  ribs. 

Intcnial  Infercmfalft. — The  internal  interrostals  have  different  uses  in  ^ 
different  parts  of  the  thorax.  They  are  attaciied  to  the  inner  borders  of  tbe 
ribs  and  coi^tid  cartilages.  Between  the  ribs  they  are  covered  by  the  external 
intercostals,  but  between  the  costal  cartilages  tliey  are  covered  simply  by 
aponeurosis.  Their  direction  is  from  above  downward  and  backward,  nearly 
at  right  angles  to  the  external  intercostals.  The  action  of  that  portion  of 
the  internai  intercostals  situated  between  the  costal  cartilages  has  alrea*iy 
been  noted.  They  assist  the  external  intercostals  in  elevating  the  ribs  in 
inspiration,  Between  t!ie  ribs  these  muscles  are  directly  antagonistic  to  the 
external  intercostals*  They  are  more  nearly  at  right  angles  to  the  ribs,  par- 
ticularly in  that  portion  of  the  thorax  where  the  obliquity  of  the  ribs  ia 
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greatest.  They  are  elongated  when  the  chest  is  distended,  and  are  shortened 
when  the  chest  is  collapsed  (Sibson).  This  fact,  taken  in  connection  with 
experiments  on  living  animals,  shows  that  they  are  muscles  of  expiration. 
Theii  contraction  tends  to  depress  the  ribs  and  consequently  to  diminish  the 
capacity  of  the  chest. 

Infracostales. — These  muscles,  situated  at  the  posterior  part  of  the  tho- 
rax, are  variable  in  size  and  number.  They  are  most  common  at  the  lower 
part  of  the  chest.  Their  fibres  arise  from  the  inner  surface  of  one  rib  to  be 
inserted  into  the  inner  surface  of  the  first,  second  or  third  rib  below.  The 
fibres  follow  the  direction  of  the  internal  intercostals,  and  acting  from  their 
lower  attachments,  their  contractions  assist  these  muscles  in  drawing  the  ribs 
downward. 

Triangularis  Sierni, — There  has  never  been  any  doubt  concerning  the 
expiratory  action  of  the  triangularis  stemi.  From  its  origin,  the  ensiform 
cartilage,  lower  borders  of  the  sternum,  and  lower  three  or  four  costal  carti- 
lages, it  acts  upon  the  cartilages  of  the  second,  third,  fourth  and  fifth  ribs, 
to  which  it  is  attached,  drawing  them  downward  and  thus  diminishing  the 
capacity  of  the  chest. 

The  above-mentioned  muscles  are  called  into  action  in  ordinary,  tranquil 
respiration,  and  their  sole  office  is  to  diminish  the  capacity  of  the  chest.  In 
labored  or  difficult  expiration,  and  in  the  acts  of  blowing,  phonation  etc., 
other  muscles,  which  are  called  auxiliaries,  play  a  more  or  less  important  part. 
These  muscles  all  enter  into  the  formation  of  the  walls  of  the  abdomen,  and 
their  general  action  in  expiration  is  to  press  the  abdominal  viscera  and  dia- 
phragm into  the  thorax  and  diminish  its  vertical  diameter.  Their  action  is 
voluntary ;  and  by  an  effort  of  the  will,  it  may  be  opposed  more  or  less  by  the 
diaphragm,  by  which  means  the  duration  or  extent  of  the  expiratory  act  is 
regulated.  They  are  also  attached  to  the  ribs  or  costal  cartilages,  and  while 
they  press  the  diaphragm  upward,  they  depress  the  ribs  and  thus  dimin- 
ish the  antero-posterior  and  transverse  diameters  of  the  cliest.  In  this 
action,  they  may  be  opposed  by  the  voluntary  contraction  of  the  muscles 
which  raise  the  ribs,  also  for  the  purpose  of  regulating  the  force  of  the  ex- 
piratory act. 

In  labored  respiration  in  disease  and  in  the  hurried  respiration  which  fol- 
lows violent  exercise,  the  auxiliary  muscles  of  expiration,  as  well  as  of  inspi- 
ration, are  called  into  action  to  a  considerable  extent. 

Obliquus  Extermis, — This  muscle,  in  connection  with  the  obliquus  in- 
temus  and  transversalis,  is  efficient  in  forced  or  labored  expiration,  by  press- 
ing the  abdominal  viscera  against  the  diaphragm.  Acting  from  its  attach- 
ments to  the  linea  alba,  the  crest  of  the  ileum  and  Poupart's  ligament,  by  its 
attachment  to  the  eight  inferior  ribs,  it  draws  the  ribs  downward. 

Obliquus  Infernus, — This  muscle  also  acts  in  forced  expiration,  by  com- 
pressing the  abdominal  viscera.  The  direction  of  its  fibres  is  from  below 
upward  and  forward.  Acting  from  its  attachments  to  the  crest  of  the  ileum, 
Poupart's  ligament  and  the  lumbar  fascia,  by  its  attachments  to  the  carti- 
lages of  the  four  inferior  ribs,  it  draws  them  downward.  The  direction  of  the 
10 
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fibres  of  this  mtiscle  is  the  same  as  that  of  the  internal  intercostak,  Br  ita 
action  the  rib§  an?  drawn  inward  as  well  as  downward. 

Tranm'ermliff, — The  expiratory  action  of  this  muscle  is  mamlj  in  com- 
pressing the  abdominal  viscera. 

iSatrO'lumlfttlLs. — This  muscle  is  situated  at  the  posterior  portion  of  the 
abdomen  and  thorax.  Its  fibres  pass  from  its  origin  at  the  sacrum,  npwanl 
and  a  little  outward,  to  be  inserted  into  the  six  inferior  ribs  at  their  angles. 
In  expiration  it  draws  the  ribs  downward,  acting  as  an  antagonist  to  the 
lower  levatores  costarum. 

There  are  some  other  mnscles  which  may  be  used  in  forced  expiration, 
assisting  in  the  depression  of  the  ribs,  such  us  the  serratus  posticus  inferior, 
the  superior  fibres  of  t!ie  serratus  magnus  and  the  inferior  portion  of  the 
trapezius,  but  their  action  in  respiration  is  nnimportant 

Types  of  Rtspiration. — In  the  movements  of  expansion  of  the  chest,  al- 
though all  the  muscles  which  have  been  classed  as  ordinary  inspiratory  mus- 
cles are  brought  into  action  to  a  greater  or  less  extent,  the  fact  that  certain 
sets  may  act  in  a  more  marked  manner  than  others  has  led  physiologists  to 
recognize  different  t}^>es  of  respiration-  Three  t^-pes  are  generally  given  in 
works  on  physiology : 

1.  The  AbdominnJ  Type, — In  this,  the  action  of  the  diaphragm  and  the 
consequent  movements  of  the  abdomen  are  most  prominent 

2.  The  Inferior  Cmfal  Type. — In  this,  the  action  of  the  muscles  which 
expand  the  lower  part  of  the  thorax,  from  the  seventh  rib  inclusive,  is  most 
prominent, 

3.  The  Superior  Costal  Type. — In  this,  the  action  of  the  muscles  which 
dilate  the  thorax  above  the  seventh  rib  and  whicli  elevate  tlie  entire  chest  ia 
most  prominent. 

The  abdominal  tvpe  is  most  marked  in  children  less  than  three  years  of 
age,  irrespective  of  sex,  respiration  being  carried  on  almost  exclusively  by  the 
diaphragm. 

At  ft  variable  i>eriod  after  birth,  a  difference  in  the  types  of  respiration  in 
the  sexes  is  observed.  In  the  male  the  abdominal  conjoined  with  the  inferior 
custal  type  is  predominant,  and  this  continues  through  life.  In  the  female 
the  inferior  costal  t^^e  is  insignificant  and  the  superior  costal  tvpe  pretlom- 
inates.  Without  discussing  the  qnestion  as  to  the  exact  age  when  this  differ- 
ence in  the  sexes  first  makes  its  appearanr?e,  it  may  be  stated  in  general 
terms,  that  a  short  time  l>efore  the  ago  of  pulx»rty  in  the  female,  the  superior 
coatal  type  becomes  more  marked  and  soon  predominates  In  the  male, 
respiration  continues  to  be  carried  on  mainly  by  the  diaphragm  and  the 
lower  {>art  of  the  chest 

The  cause  of  the  pronounced  movements  of  the  upper  part  of  the  chest  in 
the  female  has  been  the  subject  of  considerable  discussion.  It  is  probably  due, 
in  a  great  measure,  to  the  mode  of  dress  now  so  general  in  cinlized  countries, 
which  confines  the  lower  part  of  the  chest  and  renders  movements  of  expan- 
sion somewhat  difficult  In  a  series  of  observations  by  Thomas  J,  Mays 
(1887),  upon  eighty-two  chests  of  Indian  girls  at  the  Lincoln  Institution  in 
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Philadelphia,  between  ten  and  twenty  years  of  age,  who  had  never  worn  tight 
clothing,  the  abdominal  type  of  respiration  was  found  to  predominate,  the 
respiratory  tracings  hardly  differing  from  the  tracings  in  the  male.  These 
obserrations  seem  to  show,  in  opposition  to  the  views  of  Hutchinson  and 
others,  that  the  predominance  of  the  superior  costal  type  in  the  female  is 
confined  to  civilized  races ;  but  it  is  certain  that  females  accommodate  them- 
selves more  readily  than  the  male  to  the  superior  costal  type ;  and  this  is 
probably  a  provision  against  the  physiological  enlargement  of  the  uterus  in 
pregnancy,  which  nearly  arrests  all  respiratoiy  movements  except  those  of  the 
upper  part  of  the  chest.  In  pathology  it  is  observed  that  females  are  able  to 
carry,  without  great  inconvenience,  a  large  quantity  of  water  in  the  abdominal 
cavity ;  while  a  much  smaller  quantity,  in  the  male,  produces  great  distress 
from  difficulty  of  breathing. 

Frequency  of  the  Respiratory  Movements, — In  counting  the  respiratory 
acts,  it  is  desirable  that  the  subject  be  unconscious  of  the  observation,  other- 
wise their  normal  rhjrthm  is  liki^ly  to  be  disturbed.  Of  all  who  have  written 
on  this  subject,  Hutchinson  has  presented  the  largest  and  most  reliable  col- 
lection of  facts.  This  observer  ascertained  the  number  of  respiratory  acts 
per  minute,  in  the  sitting  posture,  in  1,897  males.  The  results  of  his  ob- 
servations, with  reference  to  frequency,  are  given  in  the  following  table : 

BBBPIRATION8  PKR  IflNXJTS.                                                                                                                               NUMBER  Or  CASKS. 
9  to   16 79 

16. 239 

17. 105 

18 195 

19 74 

20 501 

21 129 

22 143 

23 42 

24 243 

24  to  40 87 

Although  this  table  shows  considerable  variation  in  different  individuals, 
the  great  majority  (1,731)  breathed  sixteen  to  twenty-four  times  per  minute. 
Nearly  a  third  breathed  twenty  times  per  minute,  a  number  which  may  be 
taken  as  the  average. 

The  relations  of  the  respiratory  acts  to  the  pulse  are  quite  constant  in 
health.  It  has  been  shown  by  Hutchinson  that  the  proportion  in  the  great 
majority  of  instances  is  one  respiratory  act  to  four  pulsations  of  the  heart. 
The  same  proportion  generally  obtains  when  the  pulse  is  accelerated  in  dis- 
ease, except  when  the  pulmonary  organs  are  involved. 

Age  iias  an  influence  on  the  frequency  of  the  respiratory  acts,  correspond- 
ing with  what  has  already  been  noted  with  regard  to  the  pulsjitions  of  the 
heart. 

The  following  are  the  results  of  observations  on  300  males  (Quetelet) : 

44  respirations  per  minute,  soon  after  birth ; 
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26,  at  the  age  of  five  years ; 

20,  between  fifteen  and  twenty  years ; 

19,  between  twenty  and  twenty-five  years ; 

16,  about  the  thirtieth  year ; 

18,  lietween  thirty  and  fifty  years* 

The  influence  of  sex  is  not  marked  in  very  young  children.  There  i^  no 
difference  between  males  and  femalejs  at  birth;  but  in  young  women^  the 
respirations  are  a  little  less  frequent  than  in  young  men  of  the  same  age. 

The  various  jihysiologioal  conditions  which  have  been  not<ed  as  affecting 
the  puke  have  a  corresiKmding  infiuence  on  respiration.  In  sleep  the  num- 
ber of  respiratory  ^^U  is  diminished  by  about  twenty  per  cent.  (Quetelet). 
Muscular  effort  accelerates  the  respirator}^  movements  pari  pas»u  with  the 
niovementis  of  tlie  heart, 

Rehitiofts  of  Inspiration  and  Expirnfion  to  each  other — Respiraiorif 
Soutuls. — In  ordinary  respiration,  inspiration  is  produced  by  the  aetion  of 
muscles,  and  expiratiun,  by  the  passive  reaction  of  the  lungs  and  of  the  elas- 
tic walls  of  the  thorax.  The  inspiratory  and  expiratory  ai^its  do  not  immedi- 
ately follow  each  other.  Beginning  with  inspiration,  it  is  found  that  this 
act  maintiiins  about  the  same  intensity  throughout.  There  is  then  a  very 
brief  interval,  wlien  expiration  follows,  which  has  its  maximum  of  intensity 
at  the  beginning  of  the  act  and  gi*adually  dies  away.  Between  the  act«  of 
expiration  and  inspiration  is  an  interval,  which  is  somewhat  longer  than  the 
interval  between  inspiration  and  expimtion. 

The  duration  of  expiration  is  generally  somewhat  longer  than  that  of 
inspiration,  although  the  two  acts  may  be  nearly,  or  in  some  instances,  quite 
cfpiah  After  five  to  eight  on! i nary  respiratory  acts,  an  effort  generally  occurs 
which  is  rather  more  profound  than  usual,  by  which  the  air  in  the  lungs  18 
more  thoroughly  changed.  The  temporary  arrest  of  the  acts  of  respimtion 
in  violent  muscular  efforts,  in  straining,  in  parturition  etc.,  is  sufficiently 
familiar. 

Ordinarily  respiration  is  not  accompanied  by  any  sound  which  can  be 
heard  without  applying  the  ear  directly,  or  by  the  intervention  of  a  etetho- 
scope,  to  the  chest,  except  when  the  mouth  is  closed  and  breathing  is  carried 
on  exclusively  through  the  njisal  passages,  when  a  srjft,  breezy  sound  accom- 
panies both  acts.  If  the  mouth  be  opened  sufficiently  to  admit  the  free  pas- 
sage of  air,  no  sound  i^^  to  be  heard  in  health.  In  sleep  the  respirations  ore 
more  profound ;  and  if  the  mouth  he  closed  the  sound  is  rather  more 
intense. 

Snoring,  which  sometimes  accompanies  the  respiratory  acts  during  sleep^ 
occurs  when  thf  air  passes  through  both  thu  month  and  the  nose.  It  is  more 
marked  in  inspiration,  sometimes  accompanying  both  acts,  and  sometimes  it 
is  not  heard  in  expiration.  It  is  not  necessary  to  describe  the  characters 
of  a  sound  so  familiar.  Snoring  is  an  idiosyncrasy  in  many  individuals, 
although  tliose  who  ilo  not  sTiore  habitually  may  do  so  when  the  system  is 
unusually  exhausted  and  relaxed.  It  occurs  only  when  the  mouth  is  open, 
and  the  sound  is  produced  by  vibration  and  a  sort  of  flapping  of  the  velum 
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pendnlum  palati,  between  the  two  currents  of  air  from  the  mouth  and  nose, 
together  with  a  vibration  in  the  column  of  air  itself. 

Applying  the  stethoscope  over  the  larynx  or  trachea,  a  sound  is  heard,  of 
a  distinctly  and  purely  tubular  character,  accompanying  both  acts  of  respira- 
tion. In  inspiration,  according  to  the  late  Dr.  Austin  Flint,  "  it  attains  its 
maximum  of  intensity  quickly  after  the  development  of  the  sound  and  main- 
tains the  same  intensity  to  the  close  of  the  act,  when  the  sound  abruptly  ends, 
as  if  suddenly  cut  off."  After  a  brief  interval,  the  sound  of  expiration  fol- 
lows. This  is  also  tubular  in  quality.  It  soon  attains  its  maximum  of  inten- 
sity, but  unlike  the  sound  of  inspiration,  it  gradually  dies  away  and  is  lost  im- 
perceptibly. It  is  seen  that  these  phenomena  correspond  with  the  nature  of 
the  two  acts  of  respiration. 

Sounds  approximating  in  character  to  the  foregoing  are  heard  over  the 
bronchial  tubes  before  they  penetrate  the  lungs. 

Over  the  substance  of  the  lungs,  a  sound  may  be  heard  entirely  different 
In  its  character  from  that  heard  over  the  larynx,  trachea  or  bronchial  tubes. 
In  inspiration  the  sound  is  much  less  intense  than  over  the  trachea  and  has 
a  breezy,  expansive,  or  what  is  called  in  auscultation,  a  vesicular  character. 
It  is  much  lower  in  pitch  than  the  tracheal  sound.  It  is  continuous  and 
rather  increases  in  intensity  from  its  beginning  to  its  termination,  ending 
abruptly,  like  the  tracheal  inspiratory  sound.  The  sound  is  produced  in  part 
by  the  movement  of  air  in  the  small  bronchial  tubes,  but  chiefly  by  the  expan- 
sion of  the  air-cells  of  the  lungs.  It  is  followed,  without  an  interval,  by  the 
Boond  of  expiration,  which  is  shorter — one-fifth  or  one-fourth  as  long — lower 
in  pitch  and  much  less  intense.    A  sound  is  not  always  heard  in  expiration. 

The  variations  in  the  intensity  of  the  respiratory  sounds  in  different  indi- 
viduals are  very  considerable.  As  a  rule  they  are  more  intense  in  young  per- 
sons ;  which  has  given  rise  to  the  term  puerile  respiration,  when  the  sounds 
are  exaggerated  in  parts  of  the  lung,  in  certain  cases  of  disease.  The  sounds 
are  generally  more  intense  in  females  than  in  males,  particularly  in  the  upper 
regions  of  the  thorax. 

It  is  difficult  by  any  description  or  comparison  to  convey  an  accurate  idea 
of  the  character  of  the  sounds  heard  over  the  lungs  and  air-passages,  and  it 
is  unnecessary  to  make  the  attempt,  when  they  can  be  so  easily  studied  in  the 
Uving  subject. 

Coughing^  Sneezing^  Sighing^  Yawning^  Laughing^  Sobbing  and  Hic- 
cough,— These  peculiar  acts  demand  a  few  words  of  explanation.  Coughing 
and  sneezing  are  generally  involuntary  acts,  produced  by  irritation  in  the  air- 
tubes  or  nasal  passages,  although  coughing  is  often  voluntary.  In  both  of 
these  acts,  there  is  first  a  deep  inspiration  followed  by  a  convulsive  action  of 
the  expiratory  muscles,  by  which  the  air  is  violently  expelled  with  a  charac- 
teristic sound,  in  the  one  case  by  the  mouth,  and  in  the  other  by  the  mouth 
and  nares.  Foreign  bodies  lodged  in  the  air-passag6s  are  frequently  ex])elled 
in  violent  fits  of  coughing.  In  hypersecretion  of  the  bronchial  mucous  mem- 
brane, the  accumulated  mucus  is  carried  by  the  act  of  coughing  either  to  the 
mouth  or  well  into  the  larynx,  when  it  may  be  expelled  by  the  act  of  exspui- 
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tion.  Wlien  either  of  these  acts  ib  the  resalt  of  irritation  from  a  foreign 
aubgtanee  or  from  secretions,  it  may  be  modified  or  partly  smothered  by  the 
will,  but  is  not  completely  under  control.  The  sensibility  of  the  mncous 
membrane  at  the  summit  of  the  air-passages  usually  protects  them  from  the 
entrance  of  foreign  matters,  both  liquid  und  solid;  for  the  slightest  im- 
pression received  by  the  mcmbmne  gives  rise  to  a  violent  and  inTolnntary 
cough,  by  which  the  offending  substance  is  removed.  The  glottis,  ako,  k 
spasmodically  contracted* 

In  sighing,  a  prolonged  and  deep  inspiration  is  followed  by  a  rapid  and 
generally  an  audible  exjuration.  This  occurs,  as  a  general  rule,  oooe  in  five 
to  eight  respiratory  acts,  for  the  purpose  of  changing  the  air  in  the  lungs 
more  completely,  and  it  is  due  to  an  exaggeration  of  the  cause  which  givtB 
rise  to  the  oiniiuary  acts  of  respiration-  When  due  to  depressing  emotions, 
it  has  the  same  cause ;  for  at  such  times  respiration  is  le^  efficiently  per- 
formed. Yawning  is  an  analogous  process,  but  it  differs  from  siglii ng  in  the 
fact  that  it  is  involuntary  and  can  not  be  produced  by  an  effort  of  the  will 
It  m  characterised  by  a  wide  opening  of  the  mouth  and  a  very  profound 
!n8]nnition.  Yawning  is  generally  assumed  to  be  au  evidence  of  fatigue,  but 
it  often  occurs  from  a  sort  of  contagion-  When  not  the  result  of  imitation, 
it  has  the  same  exciting  cause  as  sighing — deficient  oxygenation  of  the  blood 
— and  it  is  fullowe<i  by  a  sense  of  satisfai^tion,  which  shows  that  it  meets 
some  decided  want  on  the  part  of  the  system. 

Laughing  and  sobbing,  although  expressing  opposite  conditions,  are 
produced  by  very  nearly  the  same  action.  The  characteristic  sounds  aoeom- 
pausing  these  acts  are  the  result  of  short,  rapid  and  convulsive  movements 
of  the  diaphragm,  attended  with  contnictions  of  the  muscles  of  the  face, 
which  produce  the  expressions  characteristic  of  hilarity  or  grief-  Although 
to  a  certain  extent  under  the  control  of  the  will,  these  acts  are  mainly  invol- 
untary. Violent  and  convulsive  laughter  may  be  excited  in  many  individuals 
by  titillation  of  certain  portions  of  the  surface  of  the  body.  Laughter  aod 
sometimes  sobbing,  like  yawning,  may  be  tlie  result  of  involuntary  imitation. 

Hiccough  is  a  peculiar  mollification  of  the  act  of  inspiration,  to  which  it 
is  exclusively  confined.  It  is  prcKluced  by  a  sudden,  convulsive  and  entirely 
involuntary  contraction  of  the  diaphragm,  accompanied  by  a  spasmodic  con- 
striction of  the  glottis.  The  coutractian  of  the  diaphragm  is  more  exteujsive 
than  in  laughing  and  sobbing  and  occurs  only  once  every  four  or  five  respir- 
atory acts. 
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The  volume  of  air  ordinarily  contained  in  the  lungs  is  about  two  hun- 
dred cubic  inches  (3,277  c.c.) ;  but  it  is  evident,  from  the  simple  experiment  of 
opening  the  chest,  when  "the  elastic  lungs  collapse  and  expel  a  certain  quan- 
tity of  air  wiiieh  can  not  lye  removed  while  the  lungs  are  in  situ^  that  a  part 
of  the  gaseous  contents  of  these  organs  nccesstirily  remains  after  the  most 
oomplete  and  forcible  expimtiou.     ^Vfter  an  ordinary  act  there  ia  a  certain 
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quantity  of  air  in  the  lungs  which  can  be  expelled  by  a  forced  expiration.  In 
ordinary  respiration  a  comparatively  small  volume  of  air  is  introduced  with 
inspiration,  and  a  nearly  equal  quantity  is  expelled  by  the  succeeding  expira- 
tion. By  the  extreme  action  of  all  the  inspiratory  muscles  in  a  forced  inspi- 
ration, a  supplemental  quantity  of  air  may  be  introduced  into  the  lungs,  which 
then  contain  much  more  than  they  ever  do  in  ordinary  respiration.  For 
oonTenience  of  description,  physiologists  have  adopted  the  following  names, 
which  are  applied  to  these  various  volumes  of  air : 

1.  Residual  Air;  that  which  is  not  and  can  not  be  expelled  by  a  forced 
expiration. 

2.  Reserve  Air  ;  that  which  remains  after  an  ordinary  expiration,  deduct- 
ing the  residual  air. 

3.  7\daly  or  Ordinary  Breathing  Air ;  that  which  is  changed  by  the 
ordinary  acts  of  inspiration  and  expiration. 

4.  Complemental  Air  ;  the  excess  over  the  ordinary  breathing  air,  which 
may  be  introduced  by  a  forcible  inspiration. 

In  measuring  the  air  changed  in  ordinary  breathing,  it  has  been  found 
that  the  acts  of  respiration  are  so  easily  influenced  and  it  is  so  difficult  to 
experiment  on  any  individual  without  his  knowledge,  that  the  results  of 
many  good  observers  are  not  to  be  relied  upon.  This  is  one  of  the  most 
important  of  the  questions  under  consideration.  The  difficulties  in  the  way 
of  estimating  with  accuiucy  the  residual,  reserve  or  complemental  volumes^ 
will  readily  suggest  themselves.  The  observations  on  these  points  which 
may  be  taken  as  the  most  definite  and  exact  are  those  of  Herbst  and  of 
Hutchinson.  Those  of  the  last-named  observer  are  very  elaborate  and 
were  made  on  a  large  number  of  subjects  of  both  sexes  and  of  all  ages  and 
occupations.  They  are  generally  accepted  by  physiologists,  as  the  most  ex- 
tended and  accurate. 

Residual  Air, — Perhaps  there  is  not  one  of  the  questions  under  consider- 
ation more  difficult  to  answer  definitely  than  that  of  the  quantity  of  air 
which  remains  in  the  lungs  after  a  forced  expiration ;  but  it  fortunately  is 
not  one  of  any  great  practical  importance.  The  residual  air  remains  in  the 
lungs  as  a  physical  necessity.  The  lungs  in  health  are  always  in  contact 
with  the  walls  of  the  thorax ;  and  when  this  cavity  is  reduced  to  its  smallest 
dimensions,  it  is  impossible  that  any  more  air  should  be  expelled.  The  vol- 
ume which  thus  remains  has  been  variously  estimated.  The  residual  volume 
has  been  estimated  at  about  one  hundred  cubic  inches  (1,639  c.c),  but  the 
quantity  varies  very  considerably  in  different  individuals  (Hutchinson). 
Taking  everything  into  consideration,  it  may  be  assumed  that  this  estimate 
is  as  nearly  correct  as  any. 

Reserve  Air, — This  name  is  given  to  the  volume  of  air  which  may  be  ex- 
pelled and  changed  by  a  voluntary  effort,  but  which  remains  in  the  lungs, 
added  to  the  residual  air,  after  an  ordinary  act  of  expiration.  It  may  be 
estimated,  without  any  reference  to  the  residual  air,  by  forcibly  expelling  air 
from  the  lungs,  after  an  ordinary  expiration.  The  average  volume,  accord- 
ing to  Hutchinson,  is  one  hundred  cubic  inches  (1,639  c.c). 
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More  or  leas  of  the  reserve  air  is  changed  whenever  there  is  a  necessitv  for 
a  more  complete  renovation  of  the  contents  of  the  lungs  than  onlimirv*  It  ib 
encroached  upon  in  the  unusually  profound  inspiration  and  expimtion  which 
occur  once  in  every  Hve  to  eight  acts.  It  is  used  in  certain  prolonged  vocal 
efforts,  in  blowing  etc.  Added  to  the  residual  air,  it  constitutes  the  mini- 
mum capacity  of  the  lungs  in  ordinary  respiration.  As  it  is  c^jntinnallj  re- 
ceiving watery  vapor  and  carbon  dioxide,  it  is  always  more  or  less  vitiate^!, 
and  when  reenforced  by  the  breathing  air,  which  enters  with  inspiration,  i^ 
continually  in  circulation,  in  obedience  to  the  law  of  the  diffusion  of  gases. 
Those  who  are  in  the  habit  of  arresting  respiration  for  a  time,  learn  t^ 
change  the  reserve  air  as  completely  as  possible  by  several  forcible  acts  and 
then  fill  the  lungs  with  fresh  air.  In  this  way  they  are  enabled  to  ms- 
pend  the  respiratory  acts  for  two  or  three  minutes  without  inconvenience. 
The  introduction  of  fresh  air  with  each  inspiration,  and  the  constant 
diffusion  which  is  going  on  and  by  which  the  proper  quantity  of  oxygen  finds 
its  way  to  the  air*cells,  given^  in  ordinary  breathing,  a  cx>mposition  to  the  air 
in  the  deepest  portions  of  the  lungs  which  insures  a  constant  aeration  of  the 
blood. 

TidaU  or  Ordiimni  Breaihinff  Air. — The  volume  of  air  which  is  changed 
in  the  oniinarv  acts  of  respiration  is  subject  to  certain  physiological  vaiia- 
tions;  and  the  respiratory  movements,  as  regards  their  extent,  are  so  easily 
influenced,  that  great  care  is  necessary  to  avoid  error  in  estimating  the  vol- 
ume of  ordinary  breathing  air.  As  a  mean  of  the  results  obtained  by 
Herbst  and  by  Hutchinson,  the  average  volume  of  breathing  air,  in  a  man  of 
ordinary  stature,  is  twenty  cubic  inches  (327*i  c*c.).  According  to  Hutchin- 
son, in  perfect  repose,  when  the  respiratory  movements  are  hardly  perceptible* 
not  more  than  seven  to  twelve  cubic  inches  (114-7  to  190G  c.c.)  are  changed; 
while,  under  excitement,  the  volume  may  \)g  increased  to  seventy-seven  cubic 
inches  (1,261*8  ex,).  The  breathing  volume  progressively  increases  in  pro- 
portion to  the  stature  of  the  individual,  and  bears  no  defitute  relation  to  the 
apparent  capacity  of  the  chest  (Herbst). 

Compl^nentat  Air. — The  thorax  may  be  so  enlarged  by  an  extreme  vol- 
untary iiispimtory  effort  as  to  contain  a  quantity  of  air  much  larger  than 
after  an  oi'dinary  inspiration.  The  additional  volume  of  air  thus  taken  in 
may  be  estimated  by  measuring  all  the  air  which  can  be  expelled  from  the 
lungs  after  the  most  pr<^)fonnd  inspiration,  and  deducting  the  sum  of  the 
reserve  air  and  breathing  air.  This  quantity  has  been  found  by  Hutchinson 
to  vary  in  ditferent  individuals,  bearing  a  close  relation  to  statui-e.  The 
mean  complement^il  volume  is  one  hundred  and  ten  cubic  inches  (1,802*9  c,  c). 

The  complemental  air  is  drawn  upon  whenever  an  effort  is  made  which 
requires  a  temporary  arrest  of  resjiiration.  Brief  and  violent  muscular  exer- 
tion is  generally  preceded  by  a  profound  inspiration.  In  sleep,  as  the  vol- 
ume of  breathing  air  is  somewhat  increased,  the  complemental  air  is  en- 
croaehe<l  upon.  A  part  or  the  whole  of  the  complemental  air  is  also  used  in 
certain  vocal  efforts,  in  blo\iTng,  in  yawning,  in  the  deep  iuBpiration  which 
preoedes  sneezing,  in  straining  etc. 
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Extreme  Breathing  Capacity. — By  the  extreme  breathing  capacity  is 
meant  the  volume  of  air  which  can  be  expelled  from  the  lungs  by  the  most 
forcible  expiration  after  the  most  profound  inspiration.  This  has  been 
called  by  Hutchinson,  the  vital  capacity,  as  signifying  "  the  volume  of  air 
which  can  be  displaced  by  living  movements."  Its  volume  is  equal  to  the 
sum  of  the  reserve  air,  the  breathing  air  and  the  complemental  air,  and  it 
represents  the  extreme  capacity  of  the  chest,  less  the  residual  air.  Its 
physiological  importance  is  due  to  the  fact  that  it  can  readily  be  determined 
by  an  appropriate  apparatus,  the  spirometer,  and  comparisons  can  thus  be 
made  between  different  individuals,  both  healthy  and  diseased.  The  number 
of  observations  on  this  point  made  by  Hutchinson  amounts  in  all  to  a  little 
less  than  five  thousand. 

The  extreme  breathing  capacity  in  health  is  subject  to  variations  which 
have  been  shown  to  bear  a  very  close  relation  to  the  stature  of  the  individual. 
Hutchinson  begins  with  the  proposition  that  in  a  man  of  medium  height 
(five  feet  eight  inches,  or  170-2  centimetres),  it  is  equal  to  two  hundred  and 
thirty  cubic  inches  (3,768*6  c.  c). 

The  most  striking  result  of  the  experiments  of  Hutchinson,  with  regard 
to  the  modifications  of  the  vital  capacity,  is  that  it  bears  a  definite  relation  to 
stature,  without  being  affected  in  a  very  marked  degree  by  weight  or  by  the 
circumference  of  the  chest.  This  is  especially  remarkable,  as  it  is  well  known 
that  height  does  not  depend  so  much  upon  the  length  of  the  body  as  upon 
the  length  of  the  lower  extremities.  He  ascertained  that  for  every  inch 
(i  centimetre)  in  height,  between  five  and  six  feet  (152*4  and  182*9  centi- 
metres), the  extreme  breathing  capacity  is  increased  by  eight  cubic  inches 
(1311  c.  c). 

Age  has  an  influence,  though  less  marked  than  stature,  upon  the  extreme 
breathing  capacity.  As  the  result  of  4,800  observations  on  males,  it  was  ascer- 
tained that  the  volume  increases  with  age  up  to  the  thirtieth  year,  and  pro- 
gressively decreases,  with  tolerable  regularity,  from  the  thirtieth  to  the  six- 
tieth ye^r.  These  figures,  though  necessarily  subject  to  certain  individual 
variations,  may  be  taken  as  a  basis  for  examinations  of  the  extreme  breath- 
ing capacity  in  disease. 

Relations  in  Volume  of  the  Expired  to  the  Inspired  Air. — A  certain  pro- 
portion of  the  inspired  air  is  lost  in  respiration,  so  that  the  air  expired  is 
always  a  little  less  in  volume  than  that  which  is  taken  into  the  lungs.  The 
loss  was  put  by  Davy  at  if^^  and  by  Cuvier  at  ^  of  the  volume  of  air  intro- 
duced. Observations  on  this  point,  to  be  exact,  must  include  a  considerable 
number  of  respiratory  acts ;  and  from  the  difficulty  of  continuing  respiration 
in  a  perfectly  regular  and  normal  manner  when  the  attention  is  directed  to 
the  respiratory  movements,  the  most  accurate  results  may  probably  be  obtained 
from  experiments  on  the  lower  animals.  Despretz  caused  six  young  rabbits 
to  respire  for  two  hours  in  a  confined  space  containing  2,990  cubic  inches 
(49,000  c.  c.)  of  air,  and  ascertained  that  the  volume  had  diminished  by 
sixty-one  cubic  inches  (1,000  c.  c),  or  a  little  more  than  one-fiftieth.  Adopt- 
ing the  approximations  of  Davy  and  Cuvier,  applied  to  the  human  subject,  as 
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nearly  correct,  it  may  be  aasuraed  that  in  the  lungs,  ^  to  -^  ot  the  inspiml 
air  is  lost. 

Diffusion  of  Air  in  the  Zwn/^^*— »When  it  is  remembered  that  with  each 
inspiration,  but  about  twenty  cubic  inches  (327*7  c*  c)  of  fresh  air  are  intro- 
duced^ sufficient  only  to  fill  the  trachea  and  larger  bronchial  tubes,  it  is  evi- 
dent that  some  forces  must  act  by  which  this  fresh  air  fiuds  its  way  into  the 
air-cells,  and  the  vitiated  air  is  brought  into  the  larger  tubes,  to  be  expelled 
with  the  miccecding  expiration. 

The  interchange  between  the  fresh  air  in  the  upper  portions  of  the  respira- 
tory ai>xmratus  and  the  air  in  the  deej^er  parts  of  the  lunga  is  constantly  going 
on  by  simple  ditf usion  aided  by  the  active  currents  or  impulses  produced  by 
the  alternate  movements  of  the  chest.  In  the  respiratory  apparatus,  at  the 
end  of  an  inspiration,  the  atmoHpherie  air,  composed  of  a  mixture  of  oxygen 
and  nitrogen,  is  introduced  into  the  tubes  with  a  considerable  impetus  and  is 
brought  into  contact  with  the  gas  in  the  lungs,  which  is  heavier,  as  it  con- 
tains a  certain  quantity  of  carbon  tliuxide.  Diifusion  tlien  takes  pla(!e,  aided 
by  the  clastic  longs,  which  are  gradtiully  forcing  the  giiseous  contents  out  of 
the  cells,  until  a  certain  portion  of  the  air  loaded  with  carbon  dioxide  finds 
its  way  to  the  larger  tubes,  to  be  thrown  off  in  expkation,  it^  place  being 
supplied  by  the  fresh  air* 

In  obedience  to  the  law  established  by  Graham,  that  the  diffusibility  of 
gases  is  inversely  proportionate  Uy  tlie  square  root  of  tlieir  densitit^,  the 
penetration  of  ^ituiospheric  air,  which  is  the  lighter  gas,  to  the  deep  portions 
of  the  lungs  would  take  place  with  greater  rapidity  than  the  ascent  of  the 
air  charged  with  carbon  dioxide ;  so  that  eighty-one  parts  of  carbon  dioxide 
should  be  replaced  by  niuety-tive  parta  of  oxygen.  It  is  found,  indeed,  that 
the  volume  of  carbon  dioxide  exhaled  is  always  less  than  the  volume  of 
oxygen  absorbed.  Tliis  ditifusion  is  constantly  going  on,  so  that  the  air  in 
tile  ptdmouary  vesicles,  where  the  interchange  of  gases  with  the  blood  takes 
pltice,  maintains  a  nearly  uniform  composition.  The  process  of  aeration  of 
the  blood,  therefore,  has  little  of  that  intermit  tent  character  which  attends 
the  muscular  movements  of  respiration,  which  would  occur  if  the  entire 
gaseous  contents  of  the  lungs  were  changed  with  each  respiratory  act. 
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CHAPTER  V. 
CffANGES   WmCH  JBE  AIR  AND  THE  BLOOD  UNDERGO  IN  RESPIRATION. 

Compoeition  of  the  air— Consamption  of  oxygen— Bxhalation  of  carbon  dioxide—RelationB  between  the 
quantity  of  oxygen  conanmed  and  the  qaantlty  of  carbon  dioxide  exhaled— Sources  of  carbon  dioxide 
in  the  expired  air— Exhalation  of  watery  vapor— Bxhalation  of  ammonia— Exhalation  of  organic  matter 
—Bxhalation  of  nitrogen— Changes  of  the  blood  in  respiration  (hnmatosis)— Difference  in  color  between 
arterial  and  Tenons  blood— Comparison  of  the  gases  in  venoos  and  arterial  blood— Analysis  of  the  blood 
for  gases— Nitrogen  of  the  blood— Condition  of  the  gases  in  the  blood— Relations  of  respiration  to  natri- 
tion  etc.— The  respiratory  sense— Sense  of  suffocation— Respiratory  efforts  before  birth— Cutaneous 
respiration— Breathing  in  a  conllaed  space— Asphyxia. 

From  the  allusions  already  made  to  the  general  process  of  respiration,  it 
is  apparent  that  before  the  discovery  of  the  nature  of  the  gases  which  com- 
pose the  air  and  those  which  are  exhaled  from  the  lungs,  it  was  impossible 
for  physiologists  to  have  any  correct  ideas  of  the  nature  of  this  important 
function.  It  is  also  evident  that  no  definite  knowledge  of  the  processes  of 
respiration  could  exist  prior  to  the  discovery  of  the  circulation  of  the  blood. 

The  discovery  of  the  properties  of  oxygen  and  carbon  dioxide  were  simply 
isolated  facts  and  failed  to  develop  any  definite  idea  of  the  changes  of  the  air 
and  blood  in  respiration.  The  application  of  these  facts  was  made  by  La- 
voisier, whose  observations  mark  the  beginning  of  an  accurate  knowledge  of 
the  physiology  of  respiration.  With  the  balance,  Lavoisier  showed  the  nature 
of  the  oxides  of  the  metals ;  he  discovered  that  carbon  dioxide  is  formed  by  a 
onion  6f  carbon  and  oxygen ;  and  noting  the  consumption  of  oxygen  and  the 
production  of  carbon  dioxide  in  respiration,  he  advanced,  for  the  first  time, 
the  view  that  the  one  was  concerned  in  the  production  of  the  other.  Although, 
as  would  naturally  be  expected,  the  doctrines  of  Lavoisier  have  been  modified 
with  the  advances  in  science,  he  developed  facts  which  have  served  as  the 
starting-point  of  definite  knowledge  on  this  subject. 

Cmnposition  of  the  Air. — Pure  atmospheric  air  is  a  mechanical  mixture 
of  79-19  parts  of  nitrogen  with  20-81  parts  of  oxygen  (Dumas  and  Boussin- 
gault).  It  contains,  in  addition,  a  very  small  quantity  of  carbon  dioxide, 
about  one  part  in  two  thousand.  The  air  is  never  free  from  moisture,  which 
is  very  variable  in  quantity,  being  generally  more  abundant  at  a  high  than  at 
a  low  temperature.  Floating  in  the  atmosphere,  are  large  numbers  of  minute 
organic  bodies ;  and  various  odorous  and  other  gaseous  matters  sometimes  are 
present  as  accidental  constituents. 

In  considering  the  processes  of  respiration,  it  is  not  necessary  to  take 
account  of  any  of  the  constituents  of  the  atmosphere  except  oxygen  and 
nitrogen,  the  others  being  either  inconstant  or  existing  in  excessively  minute 
quantity.  It  is  necessary  to  the  regular  performance  of  respiration,  that  the 
air  should  contain  about  four  parts  of  nitrogen  to  one  of  oxygen,  and  have 
about  the  density  which  exists  on  the  general  surface  of  the  globe.  When 
the  density  is  very  much  increased,  as  in  mines,  respiration  is  more  or  less 
disturbed.  By  exposure  to  a  rarefied  atmosphere,  as  in  the  ascent  of  high 
mountains  or  in  aerial  voyages,  respiration  may  be  very  seriously  interfered 
with,  from  the  fact  that  less  oxygen  than  usual  is  presented  to  the  respiratory 
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surface  and  the  reduced  atmospheric  pressure  diminishes  the  capacity  of  the 
blood  for  retaining  gases. 

Magendie  and  Bernard,  in  experimenting  on  the  minimum  proportion  of 
oxygen  in  the  air  which  is  capable  of  sustaining  life,  found  that  a  rabbit, 
confined  under  a  bell-glass,  with  an  arrangement  for  removing  the  c^rbonJ 
dioxide  and  water  exhaled,  as  fast  as  they  were  produced,  died  of  asphyxid 
when  the  quantity  of  oxygen  became  reduced  to  between  three  and  &ve  per 
cent 

A  few  experiments  are  on  record  in  which  the  human  subject  and  th 
lower  animals  have  been  made  to  respire  for  a  time  pure  oxygen-  Allen  and 
Pepys  confined  animals  for  twenty-four  hours  in  an  atmosphere  of  pure  oxy- 
gen without  any  notable  results ;  but  these  experiments  do  not  show  that 
would  be  possible  to  respire  unmixed  oxygen  indefinitely  without  incon- 
venience. As  it  exists  in  the  air,  oxygen  is  undoubtedly  in  the  best  condi-j 
tion  for  the  permanent  maintenance  of  the  re^piratorj^  function.  The  bio 
seems  to  have  a  certain  capacity  for  the  absorption  of  oxygen,  which  is  not 
materially  increased  when  the  pure  gas  is  respired. 

The  only  other  gas  which  has  the  jwwer  of  maintaining  respiration^  even 
for  a  time,  is  nitrogen  monoxide.  This  is  appropriate  by  the  blood-cor- 
puscles mth  great  avidity,  and  for  a  time  it  produces  an  exaggeration  of  the 
vital  processes,  with  delirium  etc,,  which  has  given  it  the  common  name  of 
the  laughing  gas;  but  this  condition  is  followed  by  anaesthesia,  and  finall] 
by  asphyda,  probably  because  the  gas  has  so  strong  an  affinity  for  the  blocxl* 
corpuscles  m  to  remain  to  a  certain  extent  fixed,  interfering  with  the  inter- 
change of  gases  which  is  essentitd  to  life.  Notwithstanding  this,  experiment- 
ers have  confined  with  impunity  rabbits  and  other  animals  in  an  atmosphere 
of  nitrogen  monoxide  for  a  number  of  hours.  In  all  cases  they  became 
asphyxiated,  but  in  mme  instances  they  were  restored  on  being  brought  again 
into  the  ordinary  atmosphere. 

Other  gases  which  may  be  intrcsduced  into  the  lungs  either  produce  as- 
phyxia, negatively,  from  tlie  fact  that  they  are  incapable  of  carrying  on  respi- 
ration, like  hydrogen  or  nitrogen,  or  positively,  by  a  poisonous  effect  on  the 
syst-em.  The  most  important  of  the  gases  which  act  as  poisons  are  carbon 
monoxide,  hydrogen  monosulphide  and  arsenious  hydride.  Carbon  mo- 
noxide unites  with  the  coloring  matter  of  the  red  corpuscles,  forming  carbon- 
monoxide-hiemaglobine.  This  union  is  so  stable  that  it  paralyze^*  the  cor* 
puscles  as  oxygen-C4irriers  and  pro<luoe8  death  by  asphyxia.  It  is  probable] 
that  carbon  dioxide  is  not  in  itself  poisonous.  Begnault  and  Reiset  exf 
animals  (dogs  and  rabbits)  for  many  hours,  to  an  atmosphere  containing! 
twenty-tliree  per  cent  of  carbon  dioxide  artificially  intrtxluced,  with  between  J 
thirty  and  forty  per  cent  of  oxygen,  without  any  ill  effects. 

Vonsumpiion  of  Oxygen,— Th^  determination  of  the  (juantity  of  oxygen 
which  is  removed  from  the  air  by  the  process  of  respiration  is  important ;  and 
on  this  i)oint,  there  is  an  accumulated  mass  of  observations  which  are  con 
paratively  unimportant  from  the  fact  that  they  were  made  before  the  meat] 
of  analysiji  of  the  gases  were  as  accurate  as  they  now  are.     In  the  observation 
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of  Segnanlt  and  Beiset,  animals  were  placed  in  a  receiver  filled  with  air,  a 
measured  quantity  of  oxygen  was  introduced  as  fast  as  it  was  consumed  by 
respiration,  and  the  carbon  dioxide  was  constantly  removed  and  carefully  esti- 
mated. In  most  of  the  experiments,  the  confinement  did  not  appear  to  inter- 
fere with  the  functions  of  the  animal,  which  ate  and  drank  in  the  apparatus 
and  was  in  as  good  condition  at  the  termination  as  at  the  beginning  of  the 
observation.  This  method  is  much  more  accurate  than  that  of  simply  causing 
an  animal  to  breathe  in  a  confined  space,  when  the  consumption  of  oxygen 
and  accumulation  of  carbon  dioxide  and  other  matters  must  interfere  more  or 
less  with  the  proper  performance  of  the  respiratory  function.  As  employed 
by  Segnanlt  and  Beiset,  it  is  adapted  only  to  experiments  on  animals  of  small 
size.  These  give  but  an  approximate  idea,  however,  of  the  processes  as  they 
take  place  in  the  human  subject.  Pettenkofer  constructed  a  chamber  large 
enough  to  admit  a  man  and  allow  perfect  freedom  of  motion,  eating,  sleep- 
ing etc.,  into  which  air  could  be  constantly  introduced  in  definite  quantity, 
and  from  which  the  products  of  respiration  were  constantly  removed  and 
estimated.  This  method  had  been  adapted  to  the  human  subject  on  a  small 
scale  in  1843,  by  Scharling,  but  there  was  no  arrangement  for  estimating  the 
quantity  of  oxygen  consumed. 

Estimates  of  the  absolute  quantities  of  oxygen  consumed  or  of  carbon 
dioxide  exhaled,  based  on  analyses  of  the  inspired  and  expired  air,  calcula- 
tions from  the  average  quantity  of  air  changed  with  each  respiratory  act,  and 
the  average  number  of  respirations  per  minute,  are  by  no  means  so  reliable  as 
analyses  showing  the  actual  changes  in  the  air,  like  those  of  Begnault  and 
Reiset,  provided  the  physiological  conditions  be  fulfilled.  Where  there  is  so 
much  multiplication  and  calculation,  a  very  slight  inaccuracy  in  the  estimates 
of  the  quantities  consumed  or  produced  in  a  single  respiration  will  make  a 
large  error  in  the  estimate  for  a  day  or  even  for  an  hour.  Bearing  in  mind 
ail  these  sources  of  error,  from  the  experiments  of  Valentin  and  Brunner,  Du- 
mas, Regnault  and  Reiset  and  others,  a  sufficiently  accurate  approximate  esti- 
mate of  the  proportion  of  oxygen  consumed  by  the  human  subject  may  be 
made.  The  air,  which  contains,  when  inspired,  20*81  parts  of  oxygen  per 
100,  is  found  on  expiration  to  contain  but  about  16  parts  per  100.  In  other 
words,  the  volume  of  oxygen  absorbed  in  the  lungs  is  five  per  cent,  or  ^  of 
the  volume  of  air  inspired.  It  is  useful  to  extend  this  estimate  as  far  as  pos- 
sible to  the  quantity  of  oxygen  absorbed  in  a  definite  time ;  for  the  regulation 
of  the  supply  of  oxygen  where  many  persons  are  assembled,  as  in  public  build- 
ings, hospitals  etc.,  is  a  question  of  great  practical  importance.  Assuming 
tliat  the  average  respirations  per  minute  are  eighteen,  and  that  with  each  act, 
twenty  cubic  inches  (327*7  c.  c.)  of  air  are  changed,  fifteen  cubic  feet  (424*8 
litres)  of  oxygen  are  consumed  in  the  twenty-four  hours,  which  represent 
three  hundred  cubic  feet  (8*5  cubic  metres)  of  pure  air.  This  is  the  mini- 
mum quantity  of  air  which  is  actually  used,  making  no  allowance  for  any  in- 
crease in  the  actiWty  of  the  respiratory  processes,  which  is  liable  to  occur 
from  various  causes.  To  meet  all  the  respiratory  exigencies  of  the  system,  in 
hospitals,  prisons  etc.,  it  has  been  found  necessary  to  allow  at  least  eight 
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hundred  cubic  feet  (22*05  cubic  metres)  of  air  for  each  person,  unless  the  con- 
ditions be  such  that  the  air  is  changed  with  unusual  frequency ;  for  in  ad- 
dition to  the  actual  loss  of  oxygen  in  the  respired  air,  emanations  from  both 
the  pulmonary  and  cutaneous  surfaces  are  constantly  taking  place,  which 
should  be  removed.  In  some  institutions  as  ranch  as  twenty-five  hundred 
cubic  feet  (tO'79  cubic  metres)  of  air  are  allowed  for  each  person. 

The  quantity  of  oxygen  consumed  is  subject  to  great  variations,  depend- 
ing upon  temperature,  the  condition  of  the  digestive  system,  muscular  activ^ 
ity  etc.     The  following  conclusions,  the  results  of  the  observations  of  La^l 
voisier  and  Seguin,  give  at  a  glance  the  variations  from  the  above-mentioned 
causes: 

**  L  A  man,  in  repose  and  fasting,  with  an  external  temperature  of  abi^nt 
90*^  Fahr.  (3*^-5°  C),  consumes  1,465  ctibic  inches  (*^4  litres)  of  oxygen  pej 
hour. 

*'  2.  The  same  man,  in  repose  and  fasting,  with  an  external  temperature 
of  50"^  Fahr,  (Ib^  C),  consumes  1,6'^7  cubic  inches  (26*66  litres)  of  oxygen 
per  hour. 

"  3.  The  same  man,  during  digestion,  consumes  2,300  cubic  inches  (37*69 
litres)  of  oxygen  per  hour. 

"  4.  The  same  man,  fasting,  accomplishing  the  labor  necessary  to  raise^  in 
fifteen  minutes,  a  weight  of  about  16  IK  3  oz.  (7'343  kilos*)  to  the  height  of 
656  feet  (200  metres)  consumes  3,874  cubic  inches  (63*48  litres)  of  oxygen  per 
hour. 

**5.  The  same  man,  during  digestion,  accomplishing  the  labor  neoessar 
to  raise,  in  fifteen  minutes,  a  weight  of  about  16  lb,  3  oz.  (7*343  kilos.)  to  the' 
height  of  09'^  feet  (211^146  metres),  consumes  5,568  cubic  inches  (yi*24  litre*) 
of  oxygen  per  hour*'* 

All  who  have  experimented  on  the  influence  of  temperature  upon  the  con* 
sumption  of  oxygen,  iu  the  warm-blooded  animals  and  in  the  human  subject, 
have  noted  a  marked  increase  at  low  temperatures.  Immediately  after  birth 
the  consumption  of  oxygen  in  the  warni-blootied  animals  is  relatively  very 
slight  Bulfon  and  Legallois  have  shown  that  just  after  birth,  dogs  and 
other  animals  will  live  for  half  an  hour  or  longer  umler  water ;  and  cases  are 
on  record  in  which  life  has  heen  restored  in  newborn  children  after  seven, 
and  it  has  been  stated,  after  twenty -three  hours  of  aqihyxia  (Milne- Ed  wards)* 
During  the  first  periods  uf  existence  the  condition  of  the  newly  born  is  near- 
ly that  of  a  cold-hlowled  animal  The  lungs  are  relatively  very  small,  and  it 
is  some  time  before  they  fully  assume  their  office.  The  muscular  movements 
are  hardly  more  than  are  neeeasary  to  take  the  small  quantity  of  nourishment 
consumed  at  that  period,  and  nearly  all  of  the  time  is  passed  in  sleep.  There 
is  also  very  little  power  of  resistance  to  a  low  temperature.  Although  accu- 
rate researches  regarding  the  comparative  quantities  of  oxygen  in  the  A^enous 
and  arterial  blood  of  the  fiPtus  are  wanting,  it  has  been  frequently  observed 
that  the  ditference  in  color  is  not  so  marked  as  it  is  after  pulmonary  respini- 
tiofi  has  become  eisUiblished.  The  direct  researches  of  W.  F.  Edwards  have 
shown  that  the  absolute  consumption  of  oxygen  by  very  young  animals  is 
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quite  small ;  and  the  observations  of  Legallois,  on  rabbits,  made  every  five 
days  during  the  first  month  of  life,  show  a  rapidly  increasing  demand  for 
oxygen. 

The  consumption  of  oxygen  is  greater  in  lean  than  in  very  fat  animals, 
provided  they  be  in  perfect  health.  The  consumption  is  greater,  also,  in  car- 
nivorous than  in  herbivorous  animals ;  and  in  animals  of  different  sizes,  it  is 
relatively  much  greater  in  those  which  are  very  small.  In  small  birds,  such 
as  the  sparrow,  the  relative  quantity  of  oxygen  absorbed  was  ten  times  greater 
than  in  the  fowl  (Regnault  and  Reiset). 

During  sleep  the  quantity  of  oxygen  consumed  is  considerably  dimin- 
ished ;  and  in  hibernation  it  is  so  small,  that  Spallanzani  could  not  detect 
any  difference  in  the  composition  of  the  air  in  which  a  marmot,  in  a  state  of 
torpor,  had  remained  for  three  hours.  In  experiments  on  a  marmot  in  hiber- 
nation, Regnault  and  Reiset  observed  a  reduction  in  the  oxygen  consumed  to 
about  ^  of  the  ordinary  quantity. 

It  has  been  shown  by  experiments,  that  the  consumption  of  oxygen  bears 
a  nearly  constant  ratio  to  the  production  of  carbon  dioxide;  and  as  the 
observations  upon  the  influence  of  sex,  the  number  of  respiratory  acts  etc.,  on 
the  activity  of  the  respiratory  processes  have  been  made  chiefly  with  reference 
to  the  carbon  dioxide  exhaled,  these  influences  will  be  considered  in  connec- 
tion with  the  products  of  respiration. 

Experiments  on  the  effect  of  increasing  the  proportion  of  oxygen  in  the 
air  have  led  to  varied  results  in  the  hands  of  different  observers.  Regnault 
and  Reiset,  whose  observations  on  this  point  are  generally  accepted,  did  not 
discover  any  increase  in  the  consumption  of  oxygen  when  this  gas  was  largely 
in  excess  in  the  atmosphere. 

The  results  of  confining  an  animal  in  an  atmosphere  composed  of  twenty- 
one  parts  of  oxygen  and  seventy-nine  parts  of  hydrogen  are  very  remarkable. 
When  hydrogen  is  thus  substituted  for  the  nitrogen  of  the  air,  the  consump- 
tion of  oxygen  is  largely  increased.  Regnault  and  Reiset  attributed  this  to 
the  superior  refrigerating  power  of  the  hydrogen  ;  but  a  more  rational  expla- 
nation would  seem  to  be  in  its  greater  diffusibility.  Hydrogen  is  the  most 
diffusible  of  all  gases ;  and  when  introduced  into  the  lungs  in  place  of  the 
nitrogen  of  the  air,  the  vitiated  air,  charged  with  carbon  dioxide,  is  undoubt- 
edly more  readily  removed  from  the  deep  portions  of  the  lungs,  giving  place 
to  the  mixture  of  hydrogen  and  oxygen.  It  is  probably  for  this  reason  that 
the  quantity  of  oxygen  consumed  is  increased.  It  is  probable  that  the  nitro- 
gen of  the  air  plays  an  important  part  in  the  phenomena  of  respiration,  by 
virtue  of  its  degree  of  diffusibility. 

In  view  of  the  great  variations  in  the  consumption  of  oxygen,  dependent 
on  different  physiological  conditions,  such  as  digestion,  exercise,  temperature 
etc.,  it  is  impossible  to  fix  upon  any  number  which  will  represent,  even  ap- 
proximately, the  average  quantity  consumed  per  hour.  The  estimate  arrived 
at  by  Longet,  from  a  comparison  of  the  results  obtained  by  different  reliable 
observers,  is  perhaps  as  near  the  truth  as  possible.  This  estimate  puts  the 
hourly  consumption  at  1,220  to  1,525  cubic  inches  (20  to  25  litres),  "  in  an 
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adult  male,  during  repose  and  in  normal  condirions  of  health  and  tern- 
pern  tii  re/' 

In  piissing  through  the  lungs,  the  air,  in  atidition  to  losing  a  certain  pro- 
jjortion  of  its  oxygen,  niidergoes  the  following  changes : 

1.  Elevation  in  temperature-. 

2.  Gain  of  carbon  dioxide. 

3.  Gain  of  watery  vapor. 
4  Gain  of  ammonia* 

5.  Gain  of  a  small  quantity  of  organic  matter, 

G»  Gain^  and  oeeasionally  loss,  of  nitrogen. 

The  elevation  in  temperature  of  the  air  which  has  passed  through  the 
lungs  has  been  studied  by  Grehaut.  He  found  that  with  an  external  tem- 
perature of  7"^°  Fahr.  (22-22*'  C),  respiring  seventeen  times  per  minute*  the 
air  taken  in  by  the  nares,  and  expired  by  the  mouth  through  an  apparatus 
containing  a  thermometer  carefully  protected  from  external  influences,  marked 
a  temperature  uf  95*4®  Fahr.  (35*22*^  C).  Taking  in  the  air  by  the  mouth, 
the  temperature  of  the  expired  air  was  93°  Fahr»  (33 '89**  C).  At  the  hegiu- 
ning  of  the  expiration,  Grehant  noted  a  temperature  of  94''  Falir.  (34-44°  C). 
After  a  prolonged  expiration,  the  temperature  was  9G^  Fahr.  (35'55°  C).  fn 
these  observations  the  temperature  taken  beneath  the  tongue  w^as  98''  Fabr. 
(3G-67''  C.) 

Eihnlation  of  Carbon  Dhxith.^-On  account  of  the  variations  in  the  quan- 
tities of  carbon  dioxide  exhaletl  at  diUerent  times  of  the  day,  and  particularly 
the  great  influence  of  the  rapidity  of  the  respiratory  movements,  it  is  difficult 
to  fix  npon  any  number  that  will  represent  the  average  pro|>ortion  of  this  gas 
contained  in  the  expired  air.  The  same  influences  ivere  found  affecting  the 
consumption  of  oxygen,  and  the  same  ditMculties  wei^  exj)erienced  in  form- 
ing an  estimate  of  the  proportion  of  tliis  giis  consumed.  As  it  was  sissumed, 
after  a  comparison  of  the  results  obtained  by  different  observers^  that  the 
volume  of  oxygen  consumml  is  about  five  jier  cent,  of  the  entire  volume  of 
air,  it  may  be  stated,  as  an  approximation,  that  in  the  intervals  of  digestion, 
in  reix>se  and  under  normal  conditions  as  regards  the  frequency  of  the  pube 
and  respiration,  the  volume  of  carbon  dioxide  exhaled  is  about  four  j>er  cent 
of  the  volume  of  the  expired  air.  As  the  volume  of  oxygen  which  enters 
into  the  composition  of  a  definite  quantity  of  carbon  dioxide  is  equal  to  the 
volume  of  the  carlx>n  dioxide,  it  is*  seen  that  a  certain  quantity  of  oxygen 
disappears  in  I'espiration  and  is  nut  represented  in  the  carbon  dioxide  ex- 
haled. 

There  are  great  differences  in  the  proportion  of  carbon  dioxide  in  the 
expired  air,  depending  upon  the  time  during  which  the  air  ha^  remained  in 
the  lungs.  This  jK)int  was  studied  by  Vierordt,  in  a  series  of  ninety-four 
experiments  made  upon  his  own  person,  with  the  following  results : 

"'  When  the  respirations  are  frequent,  the  quantity  of  carbon  dioxide 
expelled  at  eai-^h  expiration  is  much  less  than  in  a  slow  expiration ;  but  the 
quantity  of  carbon  dioxide  produced  during  a  given  time  by  frequent  respirar 
tions  is  greater  than  that  which  is  thrown  of!  by  slow  expirations." 


EXHALATION  OF  CARBON  DIOXIDE.  141 

The  air  which  escapes  during  the  fii*st  part  of  an  expiration  is  less  rich 
in  carbon  dioxide  than  that  which  is  last  expelled  and  comes  directly  from 
the  deeper  portions  of  the  lungs.  Dividing,  as  nearly  as  possible,  the  expira- 
tion into  two  equal  parts,  Vierordt  found,  as  the  mean  of  twenty-one  experi- 
ments, a  percentage  of  3*73  in  the  first  part  of  the  expiration  and  544  in  the 
second  part. 

Temporary  arrest  of  the  respiratory  movements  has  a  marked  influence 
in  increasing  the  proportion  of  carbon  dioxide  in  the  expired  air,  although 
the  absolute  quantity  exhaled  in  a  given  time  is  diminished.  In  a  number 
of  experiments  on  his  own  person,  Vierordt  ascertained  that  the  percentage 
of  carbon  dioxide  becomes  uniform  in  all  parts  of  the  respiratory  organs, 
after  holding  the  breath  for  forty  seconds.  Holding  the  breath  after  an 
ordinary  inspiration,  for  twenty  seconds,  the  percentage  of  carbon  dioxide  in 
the  expired  air  was  increased  1*73  above  the  normal  standard ;  but  the  abso- 
lute quantity  exhaled  was  diminished  by  2*642  cubic  inches  (43*3  c.  c.)  After 
taking  the  deepest  possible  inspiration  and  holding  the  breath  for  one  hun- 
dred seconds,  the  percentage  was  increased  3*08  above  the  normal  standard ; 
but  the  absolute  quantity  was  diminished  more  than  fourteen  cubic  inches 
(2'29*4  c.  c).  Allen  and  Pepys  noted  that  air  which  had  passed  nine  or  ten 
times  through  the  lungs  contained  9*5  per  cent,  of  carbon  dioxide. 

Vierordt  has  given  the  following  formula  as  representing  the  influence  of 
the  frequency  of  the  respirations  on  the  production  of  carbon  dioxide: 
Taking  2*5  parts  per  hundred  as  representing  the  constant  value  of  the  gas 
exhaled  by  the  blood,  the  increase  over  this  proportion  in  the  expired  air  is 
in  exact  ratio  to  the  duration  of  the  contact  of  the  air  and  blood. 

The  absolute  quantity  of  carbon  dioxide  exhaled  in  a  given  time  is  a  more 
important  subject  of  inquiry  tlian  the  proportion  contained  in  the  expired 
air ;  for  the  latter  varies  with  every  modification  in  the  number  and  extent 
of  the  respiratory  acts,  and  tlie  volume  of  breathing  air  is  subject  to  great 
fluctuations  and  is  very  difficult  of  determination. 

Among  the  most  reliable  observations  on  the  quantity  of  carbon  dioxide 
exhaled  by  the  human  subject  in  a  definite  time  and  the  variations  to  which 
it  is  subject,  are  those  of  Andral  and  Gavarret  and  of  Edward  Smith.  The 
observations  of  Lavoisier  and  Seguin,  Prout,  Davy,  Dumas,  Allen  and  Pepys, 
Scharling  and  others,  do  not  seem  to  have  fulfilled  the  necessary  experimental 
conditions  so  completely.  The  observations  of  Andral  and  Gavarret  were 
made  on  sixty-two  persons  of  both  sexes  and  different  ages,  and  under  identi- 
cal conditions  as  regards  digestion,  time  of  the  day,  barometric  pressure  and 
temperature ;  and  the  observations  on  males  between  tlie  ages  of  sixteen  and 
thirty,  between  1  and  2  p.  m.,  under  identical  conditions  of  the  digestive  and 
muscular  systems,  each  experiment  lasting  eight  to  thirteen  minutes,  showed 
an  exhalation  of  about  1,220  cubic  inches  (20  litres)  of  carbon  dioxide  per 
hour. 

Edward  Smith  employed  the  following  method  for  the  estimation  of 
the  carbon  dioxide  exhaled :  He  used  a  mask,  fitting  closely  to  the  face,  which 
covered  only  the  air-passages.  The  air  was  admitted  after  having  been  meas- 
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ured  by  an  ordinary,  dry  gas-meter.  The  expired  air  was  passed  througli  u 
drying  apparutus,  and  the  carbon  dioxide  was  absorbed  by  a  solution  of 
potassium  hydrate,  armnged  in  a  nnniber  of  layers  so  as  to  present  a  eiirfiice 
of  about  seven  hundred  square  inelies  (45  square  decimetres)^  and  was  c'are- 
fidly  weighed.  This  apparatus  was  capable  of  collecting  all  tlie  carbon  dioxide 
exhaled  in  an  hour.  The  estimates  were  made  for  eighteen  waking  hours 
and  six  hours  of  sleep.  The  observations  occupied  ten  minutes  each  and 
were  made  every  hour  and  hali-hour  for  eighteen  hours.  The  average  for 
the  eighteen  hours  gave  :<!0^08*i  cubic  inches  (3'iy  litres)  of  carbon  dioxide  for 
the  whole  period.  Observations  during  the  six  hours  of  sleep  showed  a  total 
exhalation  of  4,126  cubic  inches  (7*145  litres).  TJiis,  added  to  the  qimntitj 
exhaled  during  the  day,  gives  as  tlie  total  exhalation  in  the  twent]^'-four  hours, 
during  complete  repose,  24,208  cubic  inches  (about  14' 24  cubic  feet»  or 
3»30*145  litrejj),  containing  T*144  oz.  (202-47  grammes)  of  carbon.  In  view 
of  the  greitt  variations  in  the  exhalation  of  carbon  dioxide,  this  estimate  c«n 
l>e  nothing  more  than  an  approximation. 

One  of  the  important  modifying  influences  is  muscular  exertion,  by  which 
the  production  of  carbon  dioxide  is  largely  increased.  This  would  indicate 
a  larger  quantity  during  ordinary  conditions  of  exercise,  and  a  much  larger 
quantity  in  the  laboring  classes.  Dr.  Smith  has  given  the  following  approxi- 
mate estimates  of  these  differences : 


In  quietude .     7'144  oe.  (1&02'47  grammes)  of  cnrboiu 

Non-laborious  class B'GS    **   (246-04  gnunines)         ♦• 

LalKjrious  class 11'7      "  (331*61  grammes)         " 

In  studying  the  variations  in  the  exhalation  of  carbon  dioxide^  important 
imformation  has  been  derived  from  experiments  by  many  observers  on  the 
inferior  animals,  as  well  as  from  the  observations  of  Dumas,  Prout,  Scharling, 
Pettenkofer  and  others,  on  tlie  Iniman  subject  The  principal  conditions 
which  influence  the  exhalation  of  tliis  principle  are  the  following :  Age  and 
sex;  activity  or  repose  of  the  digestive  system;  kind  of  diet;  sleep;  mnscu* 
lar  activity ;  fatigue ;  moisture  and  surrounding  tcmj)eratnre ;  season  of  the 
year. 

htftnence  of  A(/e. — In  treating  of  the  consumption  of  oxygen,  it  was  stated 
that  during  the  first  few  days  of  extraiiterine  existence^  the  demand  for  oxy- 
gen on  the  part  of  the  system  is  very  small.  At  this  period  there  is  a  corre- 
spondingly feeble  exhalation  of  carbon  dioxide.  It  is  well  known  that  during 
the  first  hours  and  days  after  birth,  the  new  being  has  little  power  of  generat- 
ing heat»  tieeds  constiint  protection  from  changes  in  temfM^rature,  and  the 
voluntary  movements  are  very  imperfect.  During  the  first  few  days,  indeed, 
tlie  infant  does  little  more  than  sleep  and  take  the  small  quantity  of  colostrum 
which  is  furnished  by  the  mammary  glands  of  the  mother.  While  the  ani- 
mal functions  are  so  imperfectly  developed  and  until  the  alimentation  be- 
comes more  abundant  and  the  cliild  begins  to  increase  rapidly  in  weight,  the 
quantity  of  carbon  dioxide  exbaled  is  very  small. 

After  the  respiratory  function  has  become  fully  established,  it  ia  probable, 
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from  the  greater  number  of  respiratory  movements  in  early  life,  that  the  pro- 
duction of  carbon  dioxide,  in  proportion  to  the  weight  of  the  body,  is  greater 
in  infancy  than  in  adult  life.  Direct  observations,  however,  are  wanting  on 
this  point. 

The  observations  of  Andral  and  Gavarret  show  the  comparative  exhala- 
tion of  carbon  dioxide  in  the  male,  between  the  ages  of  twelve  and  eighty- 
two,  and  give  the  results  of  a  single  observation  at  the  age  of  one  hundred 
and  two  years.  They  show  an  increase  in  the  absolute  quantity  exhaled,  from 
the  age  of  twelve  to  thirty-two ;  a  slight  diminution,  from  thirty-two  to  sixty ; 
and  a  considerable  diminution,  from  sixty  to  eighty-two.  Taking  into  con- 
sideration the  increase  in  the  weight  of  the  body  with  age,  it  is  evident  that 
the  respiratory  activity  is  much  greater  in  youth  than  in  adult  life,  and  there 
can  be  no  doubt  that  there  is  a  rapid  diminution  in  the  relative  quantity  of 
carbon  dioxide  produced  in  old  age.  Scharling,  in  a  series  of  observations 
on  a  boy  nine  years  of  age,  an  adult  of  twenty-eight,  and  one  of  thirty-five 
years,  showed  that  the  respiratory  activity  in  the  child  was  nearly  twice  as 
great,  in  proportion  to  his  weight,  as  the  average  in  the  adults. 

Influence  of  Sex, — All  obseiTers  have  found  a  marked  difference  between 
the  sexes,  in  favor  of  the  male,  in  the  proportion  of  carbon  dioxide  exhaled. 
Andral  and  Gavarret  noted  an  absolute  difference  of  about  forty-five  cubic 
inches  (737*4  c.  c.)  per  hour,  but  did  not  take  into  consideration  the  differ- 
ences in  the  weight  of  the  body.  Scharling,  taking  the  proportion  exhaled 
to  the  weight  of  the  body,  noted  a  marked  difference  in  favor  of  the  male. 
The  difference  in  muscular  activity  in  the  sexes  is  sufficient  to  account  for 
the  greater  elimination  of  carbon  dioxide  in  the  male,  for  this  substance 
is  exhaled  in  proportion  to  the  muscular  development  of  the  individual; 
but  there  is  an  important  difference  connected  with  the  variations  with 
age,  which  depends  upon  the  condition  of  tlie  generative  system  of  tlie 
female.  The  absolute  increase  in  the  exhalation  of  carbon  dioxide  with  age, 
in  the  female,  is  arrested  at  the  time  of  puberty  and  remains  stationary  until 
the  cessation  of  the  menses,  provided  the  menstrual  flow  occur  with  regular- 
ity (Andral  and  Gavarret).  During  this  time  tlie  average  exhalation  per 
hour  is  714  cubic  inches  (11-G9  litres).  After  the  cessation  of  the  menses 
the  quantity  gradually  increases,  until,  at  the  age  of  sixty,  it  amounts  to  915 
cubic  inches  (15  litres)  per  hour.  From  the  age  of  sixty  to  eighty-two  the 
quantity  diminishes  to  793  (13  litres),  and  finally  to  670  cubic  inches  (about 
11  litres).  When  the  menses  are  suppressed,  there  is  an  increase  in  the 
exhalation  of  carbon  dioxide,  which  continues  until  the  flow  becomes  reestab- 
lished. In  a  case  of  pregnancy  observed  by  Scharling  the  exhalation  was 
increased  to  about  885  cubic  inches  (14*5  litres). 

Influence  of  Digestion. — Almost  all  observers  agree  that  the  exhalation  of 
carbon  dioxide  is  largely  increased  during  digestion.  Lavoisier  and  Seguin 
found  that  in  repose  and  fasting,  the  quantity  exhaled  per  hour  was  1,210 
cubic  inches  (19-82  litres),  which  was  raised  to  1,800  and  1,900  (29*5  and 
31-14  litres)  during  digestion.  A  series  of  observations  on  this  point  was 
made  by  Vierordt  upon  his  own  person.     Taking  his  dinner  between  12*30 


144 


CHANGES  OF  AIR  AND  BLOOD  IN  RESPIRATION. 


and  1  F,  M.,  having  noted  the  frequency  of  the  puke  and  roepLrations  and  the 
exlialation  of  carbon  dioxide  at  12  m.,  he  found  at  2  p.  M.,  the  poise  and  res* 
pirations  increased  in  frequency,  the  volume  of  expired  air  augmented,  and 
the  carbon  dioxide  exhaled  increased  from  15*77  to  18*522  cubic  incht^s 
(:i58'43  to  298*f3  c.  c.)  per  minute.  In  order  to  ascertain  that  this  variatimi 
did  not  depend  upon  the  time  of  day,  independently  of  the  digestive  process* 
he  made  a  comparison  at  1'^  m.,  at  1  and  at  2  p.  M.  without  taking  focMl,  which 
sliowed  no  notable  variation,  either  in  the  pulse,  niniilTerof  respirations,  voltime 
of  exi)ired  air  or  quantity  of  carbon  dioxide  exhaled. 

The  effect  of  inanition  is  to  gradually  diminii^h  the  exhalation  of  carbon 
dioxide.  Bidiler  and  Schmidt  noteil  the  daily  production  in  a  csat  which 
W41S  subjected  to  eiglitceo  days  of  inanition,  at  the  end  of  which  time  it  died* 
The  quantity  diminished  grmlually  from  day  to  day,  until  just  before  death 
it  was  reduced  a  little  more  than  one-half.  Edward  Sniitli  note*!  in  his  own 
person  the  influence  of  a  last  of  twenty-seven  hours.  There  was  a  marked 
diniunition  in  the  quantity  of  air  respired,  in  the  quantiti,^  of  vapor  exhaled, 
in  the  number  of  respirations  and  in  the  rapidit)-  of  the  pulse.  The  exliala- 
tion  of  carbon  dioxide  was  diminished  one-foorth.  An  important  point  in 
this  observation  was  that  the  quantity  was  as  small  four  and  a  half  hours 
after  eating  as  at  the  end  of  the  twenty- seven  hours* 

Influence  of  Diet. — The  most  extended  series  of  investigations  on  the  in- 
fluence of  diet  upon  the  absolute  quantity  of  carbon  dioxide  exhakni  are  those 
of  Edward  Smith,  This  observer  niaile  a  large  ntimWr  of  experiments  ou 
the  influence  of  various  kinds  of  food,  and  extended  his  inquiries  into  the 
influence  of  certain  beverages,  such  as  tea,  coffee,  cocoa,  malt  liquors  and  fer- 
niented  lir|Uors.  He  divided  food  into  two  classes:  one  which  increases  the 
exhalation  of  carbon  dioxide,  which  he  called  respiratory  excitants,  and  the 
other,  which  diminishes  the  exhalation,  he  called  non-exciters.  The  follow- 
ing are  the  results  of  a  large  number  of  observations  upon  fuur  persons : 

**  The  excito-respiratoj'y  i^re  nitrogeneous  food,  milk  and  its  components, 
sugars,  rum,  beer,  stout,  the  cereals,  and  potato. 

"  The  non-exciters  are  starch,  fat,  certiiin  alcoholic  c^smpounds,  the  vola- 
tile elements  of  wines  an^l  spirits*  and  coffee-leaves. 

'•Respiratory  excitjwts  have  a  temporary  action;  but  the  action  of  most 
of  them  commences  x^rj  quickly,  and  attains  its  maximum  within  one  hour, 

"^  The  most  powerful  respiratory  excitants  arc  tea  and  sugar ;  then  coffee, 
rum,  milk,  cocoa,  ales,  and  chiccory;  then  casein  and  gluten,  and  lastly, 
gelatin  and  albumen.  The  amount  of  action  was  not  in  uniform  propor- 
tion io  their  quantity.  Compound  aliments,  as  the  cereals,  containing  sev- 
eral of  these  substances,  have  an  action  greater  than  tlmt  of  any  of  their  ele- 
ments. 

**  Most  respiratory  excitants,  as  tea,  coffee,  gluten,  and  casein,  cuuse  an 
increase  in  the  evulutiun  of  carbon  gi-eat^r  than  the  quantity  which  they 
supply,  while  others,  as  sugar,  supply  more  than  they  evolve  in  this  excess, 
that  is,  above  the  basis.  No  substance  contjuning  a  large  amount  of  carbon 
evolves  more  than  a  small  portion  of  that  carbon  in  the  temporary  action 
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occurring  above  the  basis-line,  and  hence  a  large  portion  remains  unaccounted 
for  by  these  experiments." 

The  comparative  observations  upon  the  four  persons  who  were  the  sub- 
jects of  experiment  demonstrated  one  very  important  fact ;  namely,  that  the 
action  of  different  kinds  of  food  upon  respiration  is  modified  by  idiosyncra- 
sies and  the  tastes  of  different  individuals. 

The  following  are  the  results  of  observations  upon  the  effects  of  different 
alcoholic  beverages  taken  during  the  intervals  of  digestion : 

"  Brandy,  whiskey,  and  gin,  and  particularly  the  latter,  almost  always  less- 
ened the  respiratory  changes  recorded,  while  rum  as  commonly  increased 
them.  Bum-and-milk  had  a  very  pronounced  and  persistent  action,  and 
there  was  no  effect  on  the  sensorium.  Ale  and  porter  always  increased  them, 
while  sherry  wine  lessened  the  quantity  of  air  inspired,  but  slightly  increased 
the  carbonic  acid  evolved. 

"  The  volatile  elements  of  alcohol,  gin,  rum,  sherry,  and  port- wine,  when 
inhaled,  lessened  the  quantity  of  carbonic  acid  exhaled,  and  usually  lessened 
the  quantity  of  air  inhaled.  The  effect  of  fine  old  port-wine  was  very  de- 
cided and  uniform ;  and  it  is  known  that  wines  and  spirits  improve  in  aroma 
and  become  weaker  in  alcohol  by  age.  The  excito-respiratory  action  of  rum 
is  probably  not  due  to  its  volatile  elements." 

From  these  facts  it  would  seem  that  the  most  constant  effect  of  alcohol 
and  of  alcoholic  liquors,  such  as  wines  and  spirits,  is  to  diminish  the  exhala- 
tion of  carbon  dioxide.  This  effect  is  almost  instantaneous,  when  the  articles 
are  taken  into  the  stomach  fasting ;  and  when  taken  with  the  meals,  the 
increase  in  carbon  dioxide,  which  habitually  accompanies  the  process  of 
digestion,  is  materially  lessened.  Rum,  which  was  found  to  be  a  respiratory 
excitant,  is  an  exception  to  this  rule.  Malt  liquors  seem  to  increase  tlie  ex- 
halation of  carbon  dioxide.  "  The  action  of  pure  alcohol  was  much  more  to 
increase  than  to  lessen  the  respiratory  changes,  and  sometimes  the  former 
effect  was  well  pronounced." 

Influence  of  Sleep. — All  who  have  directed  attention  to  the  influence  of 
sleep  upon  the  respiratory  products  have  noted  a  marked  diminution  in  tlie 
exhalation  of  carbon  dioxide.  According  to  Edward  Smith,  the  quantity 
during  the  night  is  to  the  quantity  during  the  day,  in  complete  repose,  as  ten 
to  eighteen. 

It  has  already  been  stated  that  there  is  great  diminution  in  the  quantity 
of  oxygen  consumed  in  hibernating  animals  while  in  a  torpid  condition. 
Regnault  and  Reiset  found  that  a  marmot  in  liibernation  consumed  only  ^ 
of  the  oxygen  ordinarily  appropriated  in  the  active  condition.  In  the  same 
animal  they  noted  an  exhalation  of  carbon  dioxide  equal  to  but  little  more 
than  half  the  weight  of  oxygen  absorbed. 

Influence  of  Muscnlur  Activity, — Vierordt,  in  a  number  of  observations 
on  the  human  subject,  ascertained  that  moderate  exercise  increased  tlie  average 
quantity  of  air  respired  per  minute  by  nearly  nineteen  cubic  inches  (311*4 
c.  c),  and  that  there  was  an  increase  of  1*197  cubic  inch  (19*03  c.  c.)  per 
minute  in  the  absolute  quantity  of  carbon  dioxide  exhaled. 
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The  results  of  the  experiments  of  Dr.  Edward  Smith  on  the  influence  of 
exercise  are  as  follows : 

In  walking  at  the  rate  of  two  mOes  (3-2*2  kilometres)  per  hour,  the  exhala- 
tion of  carlxjn  dioxide  during  one  hour  was  equal  to  the  quantity  produced 
during  1 J  hour  of  repose  with  fixnl  or  2  J  hours  of  repose  without  food. 

Walking  at  the  rate  of  three  miles  (4*828  kilometres)  per  hour,  one  hour 
WHS  equal  to  2f  hours  with  food  or  3|  hours  without  food. 

One  hour's  labor  at  the  treml- wheel,  while  actually  working  the  wheel, 
was  equal  to  4i  hours  of  rest  with  fiM>d  or  6  houi^  without  food- 
It  haB  heen  obeerved,  however,  that  when  muscular  exertion  is  carried  so 
far  as  to  produce  great  fatigue  and  exliaustion,  the  exlialation  of  carbon 
dioxide  is  notably  diminished. 

Influence  of  Moisture  mid  Temperature. — It  has  been  shown  that  the  ex* 
lialHtiou  of  carbon  dioxide  is  greater  in  a  moist  than  in  a  dry  atmosphere 
(  Lehmann).  It  haa  also  lieen  ascertained  that  the  exhalation  is  much  greater 
at  low  than  at  high  temperatures,  within  the  limits  of  heat  and  cold  that  are 
easily  endured,  amounting,  accx>rding  to  the  experiments  of  Vierordt  on 
the  human  subject,  to  an  increase  of  about  one-sixth,  under  the  influence  of 
a  moderate  diminution  in  tempeniture.  It  was  found,  also,  that  the  quantity 
of  air  taken  into  the  lungs  was  slightly  increased  at  low  temperatures. 

Infiuenrt  of  the  Smson  of  the  Yenr^  rte, — It  has  been  shown  by  the  re- 
searches-of  Edward  Smith,  that  spring  is  the  season  of  the  greatest,  and  fall 
the  season  of  the  least  a(?tivity  of  the  resjiiratory  function. 

The  months  of  maximum  are  January,  February,  March  and  ApriL 

The  months  of  minimum  are  July,  August  and  a  part  of  September. 

The  months  of  decrease  are  June  and  July. 

The  months  of  increase  are  October,  November  and  December. 

Observations  on  tlie  influence  of  l>arometric  pressure  have  not  been  sof-* 
fieiently  dcflnite  in  their  results  to  warrant  any  exact  conclusions. 

Some  physiologists  have  attempted  to  fix  certain  hours  of  the  day  when 
the  exhalation  of  carbon  dioxide  is  at  its  maximum  and  at  its  minimum;  but 
the  respiratory  activity  is  influenced  by  such  a  variety  of  conditions  that  it  is 
ira|>ossible  to  do  this  with  any  degree  of  accuracy. 

Relations  between  the  Quantity  of  Oxygen  coNsmED  and  the 

QUANTITl'   OP   CaKDON    DiOXIDE    EXHALED. 

Oxygen  unites  with  carbon  in  a  certain  proportion  to  form  carbon  dioxide, 
the  volume  of  which  is  equal  to  the  volume  of  the  oxygen  which  enters  into 
its  comjwsition.  It  is  possible,  therefore,  U>  study  the  relations  of  the  vol- 
umes of  these  gases  in  respiration,  by  simply  comparing  the  volumes  of  the 
inspired  and  expired  air.  It  is  now  generally  recognized  that  the  volume  of 
air  expired  is  less,  at  an  ef|ual  tempentture,  than  the  volume  of  air  inspired. 
Assuming,  then,  that  the  changes  in  the  expired  air,  as  regards  nitrogen  and 
all  gases  except  oxygen  and  C4tirbon  dioxide,  are  insignifleant,  it  must  be  ad- 
mitted  that  a  certain  quantity  of  the  oxygen  consumed  by  the  economy  is 
unaccounted  for  by  the  oxygen  wiiich  enti^rs  into  the  composition  of  tha 
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carbon  dioxide  exhaled.  It  has  abeady  been  stated  that  ij^^,  to  -^  (1-4  to  2  per 
cent.)  of  the  inspired  air  is  lost  in  the  lungs ;  or  it  may  be  said  in  general 
terms,  that  the  oxygen  absorbed  is  equal  to  about  five  per  cent,  of  the  volume 
of  air  inspired,  and  the  carbon  dioxide  exhaled,  only  about  four  per  cent,  A 
part  of  the  deficiency  in  volume  of  the  expired  air  is  to  be  accounted  for, 
then,  by  a  deficiency  in  the  exhalation  of  carbon  dioxide. 

The  experiments  of  Begnault  and  Beiset  have  an  important  bearing  on 
the  question  under  consideration.  As  these  observers  were  able  to  accurately 
measure  the  entire  quantities  of  oxygen  consumed  and  carbon  dioxide  pro- 
duced in  a  given  time,  the  relation  between  the  two  gases  was  kept  constantly 
in  view.  They  found  great  variations  in  this  relation,  mainly  dependent  upon 
the  regimen  of  the  animal.  The  total  loss  of  oxygen  was  found  to  be  much 
greater  in  carnivorous  than  in  herbivorous  animals;  and  in  animals  that 
could  be  subjected  to  a  mixed  diet,  by  regulating  the  food  this  was  made  to 
vary  between  the  two  extremes.  The  mean  of  seven  experiments  on  dogs 
showed  that  for  every  1,000  parts  of  oxygen  consumed,  745  parts  were  exhaled 
in  the  form  of  carbon  dioxide.  In  six  experiments  on  rabbits,  the  mean  was 
919  for  every  1,000  parts  of  oxygen. 

In  animals  fed  on  grains,  the  proportion  of  carbon  dioxide  exhaled  was 
greatest^  sometimes  passing  a  little  beyond  the  volume  of  oxygen  consumed. 

^'  The  relation  is  newrly  constant  for  animals  of  the  same  species  which  are 
subjected  to  a  perfectly  uniform  alimentation,  as  is  easy  to  realize  as  regards 
dogs ;  but  it  varies  notably  in  animals  of  ihe  same  species,  and  in  the  same 
animal,  submitted  to  the  same  regimen,  but  in  which  we  can  not  regulate  the 
alimentation,  as  in  fowls." 

When  herbivorous  animals  were  entirely  deprived  of  food,  the  relation 
between  the  gases  was  the  same  as  in  carnivorous  animals. 

The  final  result  of  the  experiments  of  Regnault  and  Reiset  was  that  the 
**  relation  between  the  oxygen  contained  in  the  carbon  dioxide  and  the  total 
oxygen  consumed,  varies,  in  the  same  animal,  between  062  and  1-04,  accord- 
ing to  the  regimen  to  which  it  is  subjected."  These  observations  on  animals 
have  been  confirmed  in  the  human  subject  by  Doy6re,  who  found  a  great 
variation  in  the  relations  of  the  two  gases  in  respiration;  the  volume  of 
carbon  dioxide  exhaled  varying  between  0*862  and  1-087  for  1  part  of  oxygen 
consumed. 

As  regards  the  destination  of  the  oxygen  which  is  not  represented  in  the 
carbon  dioxide  exhaled,  it  is  certain  that  a  part  of  it,  at  least,  unites  with 
hydrogen  to  form  water,  this  contributing  to  the  production  of  animal  heat, 
a  question  that  will  be  fully  discussed  in  another  connection. 

The  variations  in  the  relative  volumes  of  oxygen  consumed  and  carbon 
dioxide  produced  in  respiration  are  not  favorable  to  the  hypothesis  that  the 
carbon  dioxide  is  always  a  result  of  the  direct  action  of  oxygen  upon  the  car- 
bohydrates and  fats.  Such  a  definite  relation  between  these  two  gases  can 
not  be  assumed  to  exist,  in  view  of  the  fact  that  carbon  dioxide  may  be  given 
off  by  the  tissues  in  the  absence  of  oxygen. 

Many  of  the  points  that  have  been  considered  with  relation  to  the  varia- 
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tions  in  the  exhalation  of  carhon  dioxide  have  been  inyestigated  in  Petten* 
kofer's  t'lmTxiber,  mvl  the  results  ven'  nearly  correspond  with  the  observations 
qnoted  from  Scliarling,  Edward  Smith  and  others. 

Sourceg  of  Carbon  Dioxide  in  the  Expired  Air, — ^All  the  carbon  dioxide 
in  the  expired  air  comes  from  the  venous  blood,  where  it  exists  in  two  forms; 
in  a  free  state  in  simple  solution,  or  at  least  in  a  state  of  very  feeble  eombtna- 
tion,  and  in  union  with  bases,  forming  the  carbonates  and  biearbonates.  The 
fact  that  carbon  dioxide,  as  regards  the  quantity  absorbt^d  by  the  WixkI,  dc 
not  obey,  in  all  regards,  the  laws  which  regulat4?  the  absorption  of  gases  I 
liquids  under  different  condjtione  of  pressure,  has  led  3ome  physiologists  to 
regard  all  of  this  gas  as  existing  in  the  blood  in  a  condition  of  chemical  com- 
bination ;  the  greater  part  being  very  loosely  uniknl  with  certain  other  sub- 
stances, and  a  small  quantity  uf  that  whieh  is  thrown  off  in  the  expireil 
air  being  in  a  condition  of  union  much  more  stable.  The  greater  part  of  the 
carbon  dioxide  exhaled  comes  from  the  plasma,  where  it  is  in  feeble  combina- 
tion, if  it  be  not  simply  in  solution.  Another  and  a  smaller  part  is  probably 
set  free  by  the  action  of  the  oxyhiemaglobiue^  which  is  distinctly  acid.  It 
has  been  shown  that  more  carbon  dioxide  can  be  extracted  by  means  of  a 
vacfuim  from  the  entire  blood  tliaii  from  the  semm ;  and  this  gas  is  more 
readily  extracted  from  arterial  than  from  venous  bloi>d.  The  mechanism  by 
which  the  carbon  dioxide  is  discharged  from  the  venous  blood  is  probably  the 
following : 

Carbon  dioxide  is  carrietl  from  the  tissues  to  the  lungs,  in  the  venous 
blood.  Here  it  exists  mainly  in  the  plasma,  a  small  quantity,  only,  existing 
in  the  corpuscles.  As  the  venous  blood  passes  through  the  lungs,  the  greater 
part  of  the  carbon  dioxide  of  the  plasma  cither  simply  diffuses  from  the  blcMHi 
into  the  air-cells  or  passes  out  by  a  process  known  to  chemists  as  dissociation 
(Deville).  It  is  certain  that  the  oxyha?maglobine,  which  is  constantly  form- 
ing in  the  lungs,  assists  materially  in  this  process. 

There  can  be  no  doubt  with  regard  to  tlie  existence  of  an  acid  of  some 
kind  in  the  lungs,  which  |K)8.sibly  decomposeij  a  portion  of  the  bicarbonate^s 
of  the  blood,  in  ordinary  respiration.  When  sodium  bicarbonate  is  injected 
into  the  jugular  of  a  living  animal,  a  rabbit,  ffu'  example,  it  is  decomposed  as 
fast  as  it  gets  to  the  lungs,  and  carbon  dioxide  is  evolved*  This  experiment 
producer  no  inconvenience  to  the  animal  when  the  bicarbonate  is  introduced 
slowly ;  but  when  it  is  injected  in  large  quantity,  the  evolution  of  gas  in  the 
lungs  is  so  great  as  to  fill  the  pulmonary  structure  and  even  the  heart  and 
great  vessels,  and  death  is  the  result  (Bernani). 

Exhalaiiim  of  Wttfert/  Vapor. — From  a  large  number  of  observations  on  his 
own  person  and  npon  eight  others,  collecting  the  water  by  sulphuric  acid, 
Valentin  made  the  following  estimates  of  the  quantities  of  wat-er  exhaled 
from  the  lungs  in  twenty-four  hours: 

In  his  own  person  the  exhalation  hi  twenty-four  hours  was  5,934  grains 
(384*48  gi-ammes). 

In  a  young  man  of  small  size  the  quantity  was  5,4<il  grains  (350 
grammes). 
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In  a  student  rather  above  the  ordinary  height  the  quantity  was  11,929 
grains  (773  grammes). 

The  mean  of  his  observations  gave  a  daily  exhalation  of  8,333  grains  (540 
grammes),  or  about  a  pound  and  a  half. 

The  extent  of  respiratory  surface  has  a  marked  influence  on  the  quantity 
of  watery  vapor  exhaled.  This  fact  is  very  well  shown  by  a  comparison  of 
the  exhalation  in  the  adult  and  in  old  age,  as  in  advanced  life  the  extent  of 
respiratory  surface  is  much  diminished.  Barral  found  the  exhalation  in  an 
old  man  less  than  half  that  of  the  adult.  It  is  evident  that  the  absolute 
quantity  of  vapor  exhaled  is  increased  when  respiration  is  accelerated.  The 
quantity  of  water  in  the  blood  also  exerts  an  important  influence.  Valentin 
found  that  the  pulmonary  transpiration  was  more  than  doubled  in  a  man 
immediately  after  drinking  a  large  quantity  of  water. 

The  vapor  in  the  expired  air  is  derived  from  the  entire  surface  over  which 
the  air  passes  in  respiration,  and  not  exclusively  from  the  air-cells.  The  air 
which  passes  into  the  lungs  derives  a  certain  quantity  of  moisture  from 
the  mouth,  nares  and  trachea.  The  great  vascularity  of  the  mucous  mem- 
branes in  these  situations,  as  well  as  of  the  air-cells,  and  the  great  number 
of  mucous  glands  which  they  contain,  serve  to  keep  the  respiratory  surfaces 
constantly  moist  This  is  important,  for  only  moist  membranes  allow  the 
free  passage  of  gases,  which  is  of  course  essential  to  the  process  of  respira- 
tion. 

Exhalation  of  Ammonia^  Organic  Matter  etc, — A  small  quantity  of  am- 
monia is  exhaled  by  the  lungs  in  health,  and  this  is  increased  in  certain  dis- 
eases, particularly  in  ursemia.  Its  characters  in  the  expired  air  are  frequently 
so  marked,  that  patients  who  are  entirely  unacquainted  with  the  pathology 
of  uraemia  sometimes  recognize  an  ammoniacal  odor  in  their  own  breath. 

The  pulmonary  surface  exhales  a  small  quantity  of  organic  matter.  This 
has  never  been  collected  in  sufficient  quantity  for  analysis,  but  its  presence 
may  be  demonstrated  by  the  fact  that  a  sponge  completely  saturated  with  the 
exhalations  from  the  lungs,  or  the  vapor  from  the  lungs  condensed  in  a  glass 
vessel,  will  undergo  putrefaction,  which  is  a  property  distinctive  of  organic 
substances. 

It  is  well  known  that  certain  substances  which  are  but  occasionally  found 
in  the  blood  may  be  eliminated  by  the  lungs.  Certain  odorous  matters  in 
the  breath  are  constant  in  those  who  take  liquors  habitually  in  considerable 
quantity.  The  odor  of  garlics,  onions,  turpentine  and  of  many  other  articles 
taken  into  the  stomach,  may  be  recognized  in  the  expired  air. 

The  lungs  eliminate  certain  gases  which  are  poisonous  in  very  small 
quantities  when  they  are  absorbed  in  the  lungs  and  carried  to  the  general 
system  in  the  arterial  blood.  Hydrogen  monosulphide,  which  produces  death 
in  a  bird  when  it  exists  in  the  atmosphere  in  the  proportion  of  one  to  eight 
hundred,  may  be  taken  in  solution  into  the  stomach  with  impunity  and  even 
be  injected  into  the  venous  system ;  in  both  instances  being  eliminated  by 
the  lungs  with  great  promptness  and  rapidity  (Bernard).  The  lungs,  while 
they  present  an  immense  and  rapidly  absorbing  surface  for  volatile  poisonous 
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suhstancea,  are  capable  af  relieving  the  system  of  some  of  these  by  exhalation 
when  they  find  their  way  into  the  veins. 

£xhahtiion  of  yitrogeiL—Tlm  most  accnrate  direct  experimental  particu- 
larly those  of  Re^nault  and  Reiset,  show  that  the  exhalation  of  a  small  quan- 
tity of  nitrogen  is  a  nearly  constant  respiratory  phenomenon*  As  the  result 
of  a  large  numljer  of  experiment^,  these  observers  came  to  the  conclusion  that 
when  animals  are  subjected  to  their  habitud  regimen,  they  exhale  a  quantity 
of  nitrogen  equal  in  weight  to  yj^  or  ^  of  the  weight  of  oxygen  consni 
In  birds,  during  inanition,  they  sometimes  observed  an  absorption  of  nit 
but  this  was  rarely  seen  in  mammals.  Boussingault,  estimating  the  nitroge 
taken  into  the  body  and  comparing  it  with  the  entire  quantity  discharge<tp 
arrived  at  the  same  results  in  experiments  upon  a  cow»  Barral,  by  the  same 
method,  confirmed  these  observations  by  experiments  on  the  human  subjecL 
Notwithstanding  the  conflicting  testimony  of  physiologists,  there  can  be  httle 
doubt  that  under  ordinary  physiological  conditions,  there  is  an  exhalation  of 
a  small  quantity  of  nitrogen  by  the  lungs. 

Changes  of  the  Blood  in  Respibatiox  (H^matosis). 

It  is  to  be  ex]>ected  that  the  blmid,  receiving,  on  the  one  hand,  aU  the ' 
products  of  digestion,  and  on  the  otlier,  the  products  of  disassimilalion,  or 
wear  of  the  tissues,  connected  with  the  lymphatic  system,  and  expos«Ml  to  the 
action  of  the  air  in  the  lungs,  should  present  important  differences  in  compo- 
sition in  different  parts  of  the  vascular  system. 

In  the  first  place,  there  is  a  marked  difference  in  color,  composition  an 
properties,  between  the  blood  in  the  arteries  and  in  the  veins ;  the  cl 
from  venous  to  arteriid  blood  being  effect^ed  almost  instantaneously  in  its] 
sage  through  the  lungs.  The  blood  which  goes  to  the  lungs  is  collected  from 
aU  parts  of  the  body  and  presents  great  differences  in  its  composition  in  dif^j 
ferent  veins.  In  some  veins  it  is  almost  black,  and  in  some  it  is  nearly  as 
as  in  the  arteries.  In  the  hepatic  vein  it  contains  sugar,  and  its  mtrogenizcd 
constituents  and  the  corpuscles  are  diminished ;  in  the  jxirt^l  vein,  during  di- 
gestion,  it  contains  matters  absorbed  from  the  alimentiiry  canal ;  and  finally, 
there  is  every  reas<:»n  u>  suppose  that  parts  which  require  different  substance 
for  their  nutrition  and  produce  different  excrementitious  matters  exert  differ* 
ent  influences  on  the  constitution  of  the  blood  which  passes  through  them- 
After  this  mixture  of  different  kinds  of  blood  has  been  collected  in  the  rig 
side  of  thf  heart  and  passed  through  the  lungs,  it  is  returned  to  the  left  si«l 
and  sent  to  the  system,  thoroughly  changed  and  renovated,  and  aa  arterial 
blood,  it  has  a  nearly  uniform  comp(>sition.  The  change,  thei'efore,  which 
the  blood  undergoes  in  its  jia^sage  through  the  lungs,  is  the  tnmsformation 
of  the  mixture  of  venous  blood  from  all  parts  of  the  organism  into  a  fluid  of 
uniform  character  which  is  culpable  of  nourishing  every  tissue  and  organ  of 
the  l>ody. 

The  capital  phenomena  of  respiration,  as  regards  the  air  in  the  lungs,  j 
loss  of  oxygen  and  gain  of  carbon  dioxide,  the  other  phenomena  being  csob 
pimitively  unimportant.    As  the  blood  is  capable  of  absorbing  gases^  the 
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essential  changes  which  this  fluid  undergoes  in  respiration  are  to  be  looked 
for  in  connection  with  the  proportions  of  oxygen  and  carbon  dioxide  before 
and  after  it  has  passed  through  the  lungs. 

The  change  of  color  in  the  blood  from  dark-blue  to  red,  in  its  passitge 
through  the  lungs,  was  recognized  by  Lower,  Goodwyn  and  others,  as  due 
to  the  action  of  the  air,  long  before  the  discovery  of  oxygen.  Since  the 
discovery  of  oxygen,  it  has  been  ascertained  that  this  is  the  only  constituent 
of  the  air  which  is  capable  of  arterializing  the  blood.  Priestley  showed 
that  venous  blood  is  not  changed  in  color  by  nitrogen,  hydrogen  or  car- 
bon dioxide ;  while  all  these  gases,  by  displacing  oxygen,  will  change  the 
arterial  blood  from  red  to  black.  Carbon  monoxide,  although  it  is  not  a 
respirable  gas  and  does  not  properly  arterialize  the  blood,  changes  it  from 
black  to  red. 

The  elements  of  the  blood  which  absorb  the  greater  part  of  the  oxygen 
are  the  red  corpuscles.  While  the  plasma  will  absorb,  perhaps,  twice  as  much 
gas  as  pure  water,  it  has  been  shown  that  the  volume  of  oxygen  fixed  by  the 
corpuscles  is  about  twenty-five  times  that  which  is  dissolved  in  the  plasma 
(Fernet,  Lothar  Meyer). 

Comparison  of  the  Gases  in  Venous  and  Arterial  Blood. — The  demon- 
stration of  the  fact  that  oxygen  and  carbon  dioxide  exist  in  the  blood,  with  a 
knowledge  of  the  relative  proportion  of  these  gases  in  the  blood  before  and 
after  its  passage  through  the  lungs,  are  points  hardly  second  in  importance  to 
the  relative  composition  of  the  air  before  and  after  respiration.  The  idea  enun- 
ciated by  Mayow,  about  two  hundred  years  ago,  that  "  there  is  something  in 
the  air,  absolutely  necessary  to  life,  which  is  conveyed  into  the  blood,"  except 
that  the  vivifying  principle  was  not  named  or  its  other  properties  described, 
expresses  what  is  now  regarded  as  one  of  the  great  objects  of  resj)iration. 
This  is  even  more  strictly  in  accordance  with  facts  than  the  idea  of  Lavoisier, 
who  supposed  that  all  the  chemical  processes  of  respiration  took  place  in  the 
lungs.  Mayow  also  described  the  evolution  of  gas  from  blood  placed  in  a 
vacuum.  Many  observers  have  since  succeeded  in  extracting  gases  from 
the  blood  by  various  processes ;  but  notwithstanding  this,  before  the  experi- 
ments of  Magnus,  in  1837,  many  denied  the  existence  of  free  gases  in  the 
blood. 

Analysis  of  the  Blood  for  Gases, — There  were  certain  grave  sources  of 
error  in  the  method  employed  by  Magnus,  which  render  his  observations  of 
little  value,  except  as  demonstrating  that  oxygen,  carbon  dioxide  and  nitro- 
gen may  be  extracted  by  the  air-pump  from  both  arterial  and  venous  blood. 
The  only  source  of  error  in  the  results  which  he  fully  recognized  lay  in  the 
difficulty  in  extracting  the  entire  quantity  of  gas ;  but  a  careful  study  of  his 
essay  shows  another  element  of  inaccuracy  which  is  even  more  important. 
The  relative  quantities  of  oxygen  and  carbon  dioxide  in  any  single  specimen 
of  blood  present  great  variations,  dependent  upon  the  length  of  time  that  the 
blood  has  been  allowed  to  stand  before  the  estimate  of  the  gases  is  made.  As 
it  is  difficult  to  make  this  estimate  immediately  after  the  blood  is  drawn,  on 
account  of  the  froth  produced  by  agitation  with  a  gas  when  the  method  by 
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digplaceinent  is  employeil,  and  the  bubbling  of  the  gas  when  extract^  by  the 

ttir*piiiiip,  the  objection  is  very  serious.  It  is  necessarj''  to  wait  until  the  frotl 
has  subsided  before  attempting  to  make  an  ae<.'urate  estimate  of  the  vohimi 
of  gas  given  off.  This  fact  is  illustrated  by  one  of  the  published  ohservatiur 
of  Magnus  upon  three  different  spef*imens  of  human  blood.  In  this  observ 
tion  the  specimens  of  blood  were  thoroughly  mixed  with  hydrogen.  IMii 
esoess  of  carbon  dioxide  found  twenty-four  hours  after^  over  the  quantity 
found  six  hours  after,  in  two  specimens,  was  a  little  more  than  fifty  per  cent 
while  in  one  specimen  it  is  very  nearly  one  liundred  per  cent.  In  these  anah-soft^ 
the  proportion  of  oxygen  was  not  given.  The  question  naturally  arises  ag  to 
the  source  of  the  carbon  dioxide  which  waa  evolved  during  the  last  eighteen 
hours  of  the  observation.  The  question  is  readily  solved  by  certain  experi* 
rnent^,  which  are  by  no  mcAns  of  recent  date,  although  the  results  of  these 
observations  have  tseen  confirmed  by  modem  investigations.  A  number  of 
y&ajs  ago,  SpaUauKani  demonsti-ated  that  in  common  with  other  parts  of  the 
lx>dy,  fresh  blootl  has,  of  itself,  the  property  of  consuming  oxygen ;  and  W.  F. 
Edwards  has  shown  that  the  blood  will  exhale  ciirbon  dioxide.  In  1856,  Har- 
ley  found  that  blood,  kept  in  contact  with  air  in  a  closed  vessel  for  twenty- 
four  hours,  consumed  oxygen  and  gave  off  carbon  dioxide.  More  recently, 
Bernaitl  has  shown  that  for  a  certain  time  after  the  blood  is  drawn  from  the 
vessels,  it  will  continue  to  consume  oxygen  and  exhale  carbon  dioxide.  If 
all  tl»e  carbon  dioxidt*  Ite  removed  from  a  specimen  of  blfHxl  by  treating  itJ 
with  hydrogen,  and  if  it  be  allowed  to  stand  for  twenty-four  hours,  another 
portion  of  gas  can  be  removed  by  again  treating  the  blood  with  hydrogen, 
and  still  another  quantity,  by  treating  it  with  hydrogen  a  third  time.  From  J 
these  facts  it  is  clear  that  in  the  ex|ieriment  of  Magnus,  the  excess  of  carbon 
dioxide  involved  a  post-mortem  consumption  of  oxygen;  and  no  amdy 
made  in  the  ordinary  way,  by  displacement  with  hydrogen  of  by  the  air- 
pump,  in  wliich  the  blood  is  allowed  to  remain  in  contact  with  oxygen  for 
a  number  of  hours,  can  be  accurate.  The  only  process  which  can  give  a 
rigorous  estimate  of  the  relative  quantities  of  oxygen  and  carbon  dioxide 
in  the  blood  is  one  in  which  the  ga^s  can  be  estimated  without  allowing 
the  hhx)i\  to  stiind,  or  in  which  the  formation  of  carbon  dioxide,  at  the  ex- 
pense of  the  oxygen  in  the  specimen,  is  prevented.  All  others  will  give  a 
Idss  quantity  of  oxygen  and  a  greater  quantity  of  carbon  dioxide  than  exieta  \ 
in  the  blood  circulating  in  the  vessels  or  immediately  after  it  is  drawn  from 
the  body. 

Carbon  monoxide,  one  of  the  most  active  of  the  poisonous  gases,  has  a  re^ 
markable  affinity  for  the  blood-corpuscles.  When  taken  into  the  lungs,  it  is 
absorbed  by  and  becomes  fixed  in  the  corpuscles,  preventing  the  consumption 
of  oxygen  and  the  production  of  carbon  dioxide,  which  normally  take  plA?e 
in  the  capillary  system  and  which  are  indispensable  conditions  of  nutrition. 
The  mechanism  of  poisoning  by  the  inlmlation  of  this  gas  is  by  its  fixation 
in  the  blood-corpuscles,  their  consequent  paralysis,  and  the  arrest  of  their 
ijction  as  oxygen-carriers*  As  it  is  tlie  continuance  of  this  transformatioiij 
of  oxygen  into  carbon  dioxide^  after  the  blood  is  drawn  from  the  ve 
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which  interferes  with  tlie  ordinary  analysis  of  the  blood  for  gases,  it  would 
seem  possible  to  extract  all  the  oxygen  by  immediately  saturating  the  blood 
with  carbon  monoxide.  The  experiments  of  Bernard  on  this  point  are  con- 
clusive. He  ascertained  that  by  mixing  carbon  monoxide  in  sufficient  quan- 
tity with  a  specimen  of  fresh  arterial  blood,  in  about  two  hours,  all  the  oxy- 
gen which  it  contained  was  displaced.  Introducing  a  second  quantity  of 
carbon  monoxide  after  two  hours  and  leaving  it  in  contact  with  the  blood  for 
an  hour,  a  quantity  of  oxygen  was  removed  so  small  that  it  might  be  disre- 
garded. A  third  experiment  on  the  same  blood  failed  to  disengage  any  oxy- 
gen or  carbon  dioxide. 

The  view  entertained  by  Bernard  of  the  action  of  carbon  monoxide  in 
displacing  the  oxygen  of  the  blood  is  that  the  former  gas  has  a  remark- 
able affinity  for  the  blood-corpuscles,  in  which  nearly  all  the  oxygen  is 
contained,  and  when  brought  in  contact  with  them  unites  with  the  haema- 
globine,  setting  free  the  oxygen,  in  the  same  way  that  an  acid  entering  into 
the  composition  of  a  salt  is  set  free  by  any  other  acid  which  has  a  stronger 
affinity  for  the  base.  There  is  every  reason  to  suppose  that  this  view  is  cor- 
rect, as  carbon  monoxide  is  much  less  soluble  than  oxygen  and  as  it  has 
the  property  of  disengaging  this  gas  only  from  the  blood,  leaving  the  other 
gases  still  in  solution.  In  drawing  the  blood  for  analysis,  Bernard  took 
the  fluid  directly  from  the  vessels  by  a  syringe  and  passed  it  under  mer- 
cury into  a  tube,  in  such  a  way  that  it  did  not  come  in  contact  with  the 
air.  In  this  tube,  which  was  graduated,  the  blood  was  brought  in  contact 
with  carbon  monoxide,  which  displaced  the  oxygen  from  the  corpuscles 
and  prevented  the  formation  of  carbon  dioxide  at  the  expense  of  a  portion 
of  the  oxygen. 

As  carbon  monoxide  displaces  the  oxygen  alone,  it  is  necessary  to  resort 
to  some  other  process  to  disengage  the  other  gases  contained  in  the  blood. 
Modem  experimenters,  Ludwig,  Lothar  Meyer  and  others,  have  made  use  of 
the  mercurial  gas-pumps,  either  of  Ludwig  or  of  Pfliiger,  in  which  all  the 
gases  of  the  blood  are  disengaged  by  removing  the  atmospheric  pressure. 
By  means  of  a  "froth-chamber,"  the  gases  can  be  collected  and  analyzed, 
with  but  little  loss  of  time ;  but  it  is  probable  that  there  is  always  a  slight 
error  in  estimates,  made  in  this  way,  of  the  relative  proportions  of  oxygen 
and  carbon  dioxide,  the  proportion  of  oxygen  being  too  small,  and  of  carbon 
dioxide,  too  large.  Nevertheless,  the  results  obtained  by  this  method  corre- 
spond pretty  closely  with  what  is  known  of  the  nature  of  the  respiratory 
process ;  and  analyses  of  the  blood  taken  at  different  periods  show  variations 
in  the  quantities  of  oxygen  in  the  arterial  blood  and  of  carbon  dioxide  in  the 
venous  blood,  corresponding  with  some  of  the  variations  which  have  been 
noted  in  the  loss  of  oxygen  and  gain  of  carbon  dioxide  in  the  air  in  respira- 
tion. Nearly  all  the  gases  contiiined  in  the  blood  may  be  disengaged  by 
means  of  the  gas-pump,  but  according  to  most  observers,  a  small  quantity  of 
carbon  dioxide  remains  in  the  blood  in  combination.  This  may  be  removed 
by  the  introduction  into  the  apparatus  of  a  small  quantity  of  tartaric  acid. 
It  was  justly  remarked  by  Bert,  that  as  the  apparatus  for  the  exhaustion  of 
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air  has  been  mftde  more  and  more  nearly  perfect,  the  quantity  of  carbon 
dioxide  in   combination   has  seemed   less  and  less.      By  far  the  greatest j 
quantity  of  the  exerementitions  carbon  dioxide  in  the  blood  is  extracted 
by  the  removal  of  atmospheric  pressure  in  the   most  carefully  perfected 
apparatus. 

According  to  Bernard,  arterial  bloo^l,  while  an  animal  is  fasting,  contaiti 
nine  to  eleven  parts  per  hundred  in  volume  of  oxygen.  In  full  digestion,  the 
proportion  is  raised  to  seventeen,  eighteen  or  even  twenty  parts  per  hundred- 
The  proportion  varies  in  different  animals,  being  much  greater,  for  example, 
in  birds  than  in  mammals.  The  quantity  of  carbon  dioxide  is  even  more 
variable  than  the  quantity  of  oxygen.  During  digestion  there  are  five  to  six 
parts  per  hundred  of  coirbon  dioxide  in  the  arterial  bloo<i.  During  the  inter- 
vals of  digestion  this  quantity  is  reduced  to  almost  nothing;  and  after  fasting 
for  twenty-four  honrs,  frequently  not  a  trace  is  to  be  discoverecL 

The  quantity  of  carbon  dioxide  varies  considerably  in  different  parts  of 
the  venous  system.     It  is  well  known  that  the  venous  blood  coming  from 
some  glands  is  dark,  during  the  intervals  of  secretion,  and  nearly  as  red  as 
arterial  blood,  during  secretion.     In  the  venous  blood  from  the  submaxillary 
gland  of  a  dog,  Bernard  found  18-07  percent  of  carbon  dioxide  during  repose  J 
and  10"  14  per  cent,  during  secretion.     The  blood  coming  from  the  musclei^ 
is  the  darkest  in  the  body  and  contains  the  greatest  quantity  of  carbon  dioxide. 
The  quantity  of  carbon  dioxide  is  increased  in  the  venous  blfx»d  during  diges- 
tion; and  it  is  owing  to  this  that  the  gas  tlien  exists  in  quantity  in  the  arte-^ 
rial  blood.     Bearing  in  mind  the  fact  that  the  proportion  of  gases  in  the 
arterial  and  venous  blood  varies  considerably  under  different  conditions  of 
the  system  and  tluit  it  is  variable  in  the  blood  of  different  veins,  the  following-' 
general  statement,  taken  from  Bert  (1870),  maybe  accepted  as  representing  the 
average  results  obtained  up  to  that  time.   The  most  recent  results,  particularly 
those  obtained  by  German  observers,  present  no  important  variations  from 
this  average : 


"Arterial  blood. 
Venous  blood. . 


Ciiboci  dioxide  Carbon  dioxide 
dkeng«<red  iu  com  hi-       Carbon  dioxidv. 

Oxygen,     by  a  vacuum,  iiaiioti.  to«»I, 

8-17  3127  2  38  83-05 


ToUliii  ^ 
In  volume  ^ 
Nitrogen.  per  WO. 

100  45-77 


1-37 


43W 


"If  the  bloml  coming  from  diiferent  parts  of  the  boclj  be  now  examint'd, ^ 
it  is  found  that  the  blooil  of  the  hepatic  veina  is^  poorer  iu  oxygen  and 
richer  in  carbon  dioxide  than  the  general  venous  blood ;  tliat  the  blood  of 
the  portal  vein  presents  the  same  charaeters  to  a  higher  degree;  that  the 
blood  of  tlie  museles  in  contraction  presents  the  same  relatiotis  as  compared 
with  the  blood  of  muscles  in  repose  or  pand\"zed ;  that,  on  the  other  hand, 
the  blm^d  of  the  glands  has  more  oxygen  during  their  activity  tlmn  during 
their  repose. 

'*  In  comparing  the  venous  blood  of  the  right  side  of  the  heart  with  the 
arterial  blood  of  the  left  side,  it  is  found  that  the  latter  is  richer  in  oxygen 
and  poorer  in  carbon  dioxida     In  examining  this  more  closely,  it  is  seen  that 
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the  difference  in  the  oxygen  is  greater  than  in  the  carbon  dioxide ;  this  being 
in  accordance  with  the  well  known  fact  that  animals  absorb  more  oxygen 
than  is  equivalent  to  the  carbon  dioxide  exhaled." 

These  facts  coincide  with  the  views  which  are  now  held  regarding  the 
essential  processes  of  respiration.  The  blood  going  to  the  lungs  contains 
carbon  dioxide  and  but  a  small  proportion  of  oxygen.  In  the  lungs  carbon 
dioxide  is  given  off,  appearing  in  the  expired  air,  and  the  oxygen  which  dis- 
appears from  the  air  is  carried  away  by  the  arterial  blood. 

Nitrogen  of  the  Blood. — As  far  as  is  known,  nitrogen  has  no  important 
office  connected  with  respiration.  There  is  sometimes  a  slight  exhalation  of 
this  gas  by  the  lungs,  and  analyses  have  demonstrated  its  existence  in  solution 
in  the  blood.  Magnus  found  generally  a  larger  proportion  in  the  arterial 
than  in  venous  blood,  although  in  one  instance  there  was  a  large  proportion 
in  the  venous  blood.  It  is  not  absolutely  certain  whether  the  nitrogen 
which  exists  in  the  blood  be  derived  from  the  air  or  from  the  tissues.  Its 
almost  constant  exhalation  in  the  expired  air  would  lead  to  the  supposition 
that  it  is  produced  in  small  quantity  in  the  system  or  is  supplied  by  the  food. 
There  is  no  evidence  that  nitrogen  enters  into  combination  with  the  blood- 
corpuscles.  It  exists  simply  in  solution  in  the  blood,  which  is  capable  of  ab- 
sorbing about  ten  times  as  much  as  can  be  absorbed  by  pure  water.  Nothing 
is  known  with  regard  to  the  relations  of  the  free  nitrogen  of  the  blood  to  the 
processes  of  nutrition. 

Condition  of  the  Oases  ifi  the  Blood. — It  is  now  generally  admitted  that 
the  oxygen  of  the  blood  exists,  not  in  simple  solution,  but  in  a  condition  of 
combination  with  the  hsemaglobine  of  the  blood-corpuscles.  In  studying  the 
composition  of  the  corpuscles,  it  has  been  seen  that  when  air  is  admitted  to 
venous  blood,  oxygen  unites  with  the  haeraaglobine,  forming  oxyhaemaglobine. 
Carbon  monoxide,  which  has  a  great  affinity  for  the  corpuscles,  displaces 
almost  immediately  all  the  oxygen  which  the  blood  contains.  When  the  cor- 
puscles are  destroyed,  as  they  may  be  readily  by  receiving  fresh  blood  into  a 
quantity  of  pure  water,  the  red  color  is  instantly  changed  to  black. 

The  condition  under  which  carbon  dioxide  exists  in  the  blood  has  already 
been  considered  in  connection  with  the  mechanism  of  its  passage  from  the 
venous  blood  into  the  air-cells.  This  gas  is  contained  chiefly  in  the  plasma ; 
a  small  quantity,  however,  probably  exists  in  the  red  blood-cori)uscles.  The 
greatest  part  of  the  carbon  dioxide  of  the  plasma  is  either  in  simple  solution 
or  in  a  condition  of  very  feeble  combination,  the  exact  nature  of  which  is  not 
understood.  It  has  been  ascertained  that  the  blood-serum  will  absorb  much 
more  carbon  dioxide  than  is  absorbed  under  similar  conditions  by  pure  water. 
It  has  been  shown,  also,  that  neutral  sodium  phosphate  increases  to  a  remark- 
able degree  the  quantity  of  carbon  dioxide  that  can  be  absorbed  by  any  liquid. 
It  is  probable  that  a  small  part  of  the  carbon  dioxide  of  the  plasma,  which 
passes  into  the  expired  air,  is  in  combination  with  sodium  in  the  form  of 
sodium  bicarbonate. 

General  Differences  in  the  Composition  of  Arterial  and  Venous  Blood. — 
All  observers  agree  that  there  are  certain  marked  differences  in  the  composi- 
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tion  of  arterial  and  venous  blood,  aside  from  the  proportion  of  gajses.  The 
arterial  blood  contains  less  water  and  is  richer  in  organic  and  in  moet  inor- 
ganic constituents  than  the  venous  blood.  It  also  contains  a  larger  propor* 
tion  of  corpuscles.  It  is  more  coagulable  and  offers  a  larger  and  firmer  clot 
than  the  clot  of  venous  blood.  The  only  constituents  which  are  constantly 
more  abundant  in  venous  blood  are  water  and  the  alkaline  carbonates.  Ac- 
cording to  Longet,  10,000  parts  of  venous  blood  (contained  12*3  parts  of  ctar- 
bon  dioxide  combined,  and  the  same  quantity  of  arterial  blood  contAined  but 
8*3  parts.  The  deficiency  of  water  in  the  blood  which  corner  from  the  lunga 
is  readily  explained  by  the  escape  of  watery  vapor  in  the  expired  air. 

An  important  distinction  between  arterial  and  venous  blood  is  that  the 
former  has  a  uniform  composition  in  all  parts  of  the  arterial  sj^tem,  while 
the  composition  of  the  latter  varies  very  much  in  the  blood  coining  from  dif- 
ferent organs.  Arterial  blood  is  capable  of  carrying  on  the  processes  of 
nutrition,  while  venous  blood  is  not,  and  it  can  not  even  circulate  freeJy  m 
the  systemic  capillaries. 

Relations  of  RespiratiQn  to  Nutrition^  ete.^-li  has  been  demonstrated 
that  all  tissues,  so  long  as  they  retain  their  absolute  integrity  of  composition, 
have  the  property  of  appropriating  oxygen  and  exlialing  carbon  dioxide-,  in- 
dependently of  the  presence  of  blm^d;  and  that  the  arterial  blood  carries 
oxygen  from  the  lungs  to  the  tissues,  there  gives  it  up,  and  receives  carbon 
dioxide,  which  is  carried  by  the  venous  blood  to  the  lungs,  to  be  exhale<l 
This  fact  alone  shows  that  respiration  is  inseparably  connected  with  the 
general  act  of  nntritian.  Its  processes  must  be  studied,  therefore,  as  they 
take  place  in  the  tissues  and  organs  of  the  body. 

Oxygen  taken  from  the  air  is  immediately  absorbed  by  the  blood  and  en- 
ters into  the  com|X)sition  of  the  red  corpuscles.  Part  of  the  oxygen  disap- 
l>ear8  in  the  red  corpuscles  themselves,  and  carbon  dioxide  is  given  off.  To 
how  great  an  extent  this  takes  place,  it  is  impossible  to  say ;  but  it  id  evident, 
even  from  a  study  of  the  methods  of  analysis  of  the  blood  for  gases,  that  the 
propert}^  of  absorbing  oxygen  and  giving  off  carbon  dioxide,  which  belongs 
to  the  tissues,  is  possessed  as  well  by  the  red  corpuscles.  During  life  it  is 
not  possible  to  determine  how  far  this  takes  place  in  the  blood  and  how  far 
it  occurs  in  the  tissues.  The  theory  has  been  proposed  that  the  respiratory 
change  Uikes  place  in  the  blood  as  it  ciroidatos;  but  the  avidity  of  the  tissues 
for  oxygen  and  the  retuliness  with  which  they  exhale  carlion  dioxide  leave  no 
room  for  doubt  that  much  of  tliis  change  is  effecteti  in  their  substance. 

Oxygen,  carried  by  the  blood  to  the  tissues,  is  appropriated  and  consumed 
in  their  substance,  togetlier  with  the  nutritive  materials  contained  in  the  cir- 
culating fluid.  Physiologists  are  acquainted  with  some  of  the  laws  which 
regulate  its  consumption,  but  have  not  been  able  to  ascertain  the  exact  nature 
of  tlie  changes  which  take  place,  AU  that  c^n  be  said  defijutely  an  this  point 
\B  that  oxygen  unites  with  the  organic  constituents  of  the  body,  satisfying 
the  **  respiratory  sense  ^'  and  supplying  an  imperative  want  which  is  felt  by 
all  animals  and  which  extends  to  all  parts  of  the  organism.  After  its  absorp- 
tion, oxygen  \a  lost  in  the  processes  of  nutrition.     There  is  no  evidence  in 
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favor  of  the  view  that  oxygen  unites  directly  with  carbonaceous  matters  in 
the  blood  which  it  meets  in  the  lungs,  and  by  direct  union  with  carbon, 
forms  carbon  dioxide. 

.  That  carbon  dioxide  makes  its  appearance  in  the  blood  itself,  produced 
in  the  red  corpuscles,  has  been  abundantly  proved  by  observations  already 
cited,  although  it  is  impossible  to  determine  to  what  extent  this  takes  place 
during  life.  It  is  likewise  a  product  of  the  physiological  wear  of  the  tissues, 
is  absorbed  by  the  blood  circulating  in  the  capillaries  and  is  conveyed  by  the 
veins  to  the  right  side  of  the  heart.  It  has  been  shown  that  its  production  is 
not  immediately  dependent  upon  the  absoi-ption  of  oxygen,  for  its  formation 
continues  in  an  atmosphere  of  hydrogen  or  of  nitrogen.  It  is  most  reason- 
able to  consider  the  carbon  dioxide  thus  formed  as  a  product  of  excretion. 
The  fact  that  it  may  easily  be  produced  artificially,  out  of  the  body,  does  not 
demonstrate  that  its  formation  in  the  body  is  as  simple  as  when  it  is  formed 
by  the  process  of  combustion.  It  may  be  possible  at  some  future  time  to 
produce  artificially  all  the  excremetitious  principles,  as  has  already  been  done 
in  the  case  of  urea ;  but  it  can  not  be  assumed  that  the  mode  of  formation 
of  carbon  dioxide,  as  one  of  the  phenomena  of  nutrition,  is  precisely  the  same 
as  when  it  is  made  by  chemical  manipulations. 

The  Respiratory  Sense. 

It  is  generally  admitted  that  there  exists  in  the  system  what  may  be  re- 
garded as  a  respiratory  sense,  which  operates  upon  the  respiratory  nerve- 
centre  and  gives  rise  to  the  involuntary  movements  of  respiration ;  and  that 
this  sense  is  exaggerated  by  anything  which  interferes  with  respiration,  and 
is  then  conveyed  to  the  brain,  where  it  is  appreciated  as  dyspnoea  and  finally 
as  the  sense  of  suffocation.  An  exaggeration  of  the  respiratory  sense  consti- 
tutes a  sense  of  oppression,  which  is  referred  to  the  lungs ;  but  it  can  not  be 
assumed,  from  sensations  only,  that  the  sense  of  want  of-  air  is  really  situated 
in  the  lungs. 

At.  the  present  day  it  is  hardly  necessary  to  discuss  the  views  of  those 
who  attributed  the  sense  of  want  of  air,  at  least  in  its  exaggerated  form, 
to  an  accumulation  of  carbon  dioxide  in  tlie  lungs  (Marshall  Hall),  distention 
of  the  right  cavities  of  the  heart  (Berard),  or  to  impressions  conveyed  to  the 
medulla  oblongata,  exclusively  by  the  pneumogastric  nerves.  These  theories 
have  long  since  been  disproved  and  are  now  merely  of  historical  interest. 
Volkmann,  in  1841,  advanced  the  view  that  this  sense  is  dependent  upon  a 
deficiency  of  oxygen  in  the  tissues,  producing  an  impression  which  is  con- 
veyed to  the  medulla  oblongatii  by  the  nerves  of  general  sensibility.  By  a 
series  of  experiments,  this  observer  disproved  the  view  that  the  respiratory 
sense  always  originates  in  the  lungs  and  is  transmitted  by  the  pneumogastric 
nerves ;  and  by  exclusion,  he  located  it  in  the  general  system.  In  a  series  of 
experiments  (Flint,  1861)  the  following  facts,  some  of  which  had  been  previ- 
ously noted,  were  observed  : 

The  chest  was  opened  in  a  living  animal,  artificial  respiration  was  care- 
fully performed,  inflating  the  lungs  sulliciently  but  cautiously  and  taking 
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care  to  change  the  air  in  the  bellows  every  few  momenta  So  long  as  thu 
was  continued,  the  anima]  made  no  respiratory  effort;  showing  that  for  the 
time  the  respiratory  sense  was  aboliiihetL  This  was  little  more  than  a 
repetition  of  the  clajsgieal  experiment  of  Robert  Hook,  an  aeconnt  of  which 
was  published  in  1664. 

When  the  artificial  respiration  "^m  interrupted,  the  respiratory  mueeks 
w^ere  thrown  into  contraction,  and  the  animal  made  regular,  tind  at  last  vio- 
lent efforts.  An  artery  was  then  opened  and  the  color  of  the  blood  was 
noted.  It  was  ob^ierve*]  that  the  respiratory  efforts  began  only  when  the  blood 
in  tlie  vessel  became  dark.  When  artificial  respiration  was  resumed,  the  re- 
spiratory efforts  ceased  only  when  the  blood  became  red  in  the  arterieai 

While  artificial  respiration  was  being  regularly  performed,  a  large  artery 
was  opened  and  the  system  was  drained  of  blood.  When  the  heemorrhage 
had  proceeded  to  a  certain  extent,  the  animal  made  respiratory  efforts,  which 
became  more  and  more  violent,  until  they  terminated,  just  before  death,  in 
general  ron\'ulsions. 

Tliese  facts,  wliich  may  be  successively  observed  in  a  single  experiment, 
remaineil  precisely  the  same  when  both  pneumogastric  nerves  had  been 
dividc<l  in  the  neck. 

The  conclusion  which  may  legitimately  be  drawn  from  the  above-men- 
tioned facts  is  that  the  respiratory  sense  does  not  always  and  necesauilT 
originate  in  the  lungs,  for  it  operates  when  the  lungs  are  i-egularly  filled  with 
pure  air,  if  the  system  be  drained  of  the  oxygen-ciirrying  fluid. 

A  similar  conclusion  was  arrived  at  by  Rosenthal  (1862)  and  by  Pfliiger 
(1868).  Pfluger  produced  asphyxia  in  dogs  by  causing  them  to  respire  pun? 
nitrogen.  In  his  experimcntSj  he  analyzed  the  blood  after  thirty  seconds 
and  after  one  minute  of  inhalation  of  nitrogen.  He  found  a  great  diminu* 
tion  iu  oxygen  with  very  slight  increase  in  carbon  dioxide  at  the  end  of 
thirty  seconds.  After  one  minute  the  oxygen  was  reduced  from  14'35  per 
cent,  in  volume  to  0*2  per  cent.,  and  the  carbon  dioxide  from  36-9  to  29**J. 
As  a  conclusion  he  stated  that  *'  no  one,  therefore,  can  be  of  the  opinion  that 
dyspnoea  and  asphyxia  in  breathing  indifferent  gases  are  connected  with  the 
accumulation  of  carbon  dioxide." 

In  187T  the  experiments  made  in  1861  were  repeated  and  extended  (Flint). 
The  later  experiments  were  made  upon  dogs,  in  the  following  way :  The  ani- 
mals were  brought  under  the  influence  of  ether,  the  chest  was  opened  and 
artificial  respiration  was  carried  on  by  means  of  a  bellows  fixed  in  the  tra<.*h(*a. 
The  great  vessels  given  off  from  the  arch  of  the  aorta  were  isolated  so  tlrnt 
they  could  be  separately  constricted  at  will.  In  a  number  of  experiments 
upon  different  animals,  the  innominate  artery  and  the  left  subclavian  were 
constricted,  and  the  animal  began  to  make  respiratory  efforts  about  tw*o  min- 
utes after,  although  artificial  respiration  was  kept  up  constantly  and  effi- 
ciently. The  animals  made  no  respiratory  efforts  when  the  vessels  given  off 
from  the  arch  of  the  aorta  were  left  free  and  when  the  aorta  was  tied  in  the 
chest,  which  cut  off  the  supply  of  blood  from  the  trunk  and  the  lower  ex- 
tremities.    In  the  experiments  in  which  the  vessels  going  to  the  head  and 


THE  RESPIRATORY  SENSK  159 

upper  extremities  were  constricted,  the  respiratory  efforts  always  ceased  when 
the  vessels  were  freed. 

The  object  of  these  experiments  was  to  study  the  effects  of  cutting  off  the 
supply  of  oxygenated  blood  from  different  paris.  It  may  be  assumed  that 
the  respiratory  nervous  centre  is  in  the  medulla  oblongata,  and  an  attempt 
was  made  to  devise  some  means  of  cutting  off  the  arterial  supply  from 
this  part  Animals  respire  when  all  of  the  encephalic  centres  have  been  de- 
stroyed except  the  medulla  oblongata,  so  that  it  is  improbable  that  cutting 
off  the  supply  of  blood  from  the  brain  would  affect  the  muscles  of  respiration, 
provided  that  artificial  respiration  were  efficiently  maintained.  Blood  may 
be  supplied  to  the  medulla  oblongata  by  the  internal  carotids,  which  are  con- 
nected with  the  circle  of  Willis,  by  the  vertebral  arteries,  which  unite  to  form 
the  basilar  artery,  and  perhaps  by  other  vessels ;  but  it  is  certain  that  if  all 
the  arteries  given  off  from  the  arch  of  the  aorta  be  tied,  the  medulla  must  be 
deprived  of  oxygenated  blood. 

In  one  experiment,  the  innominate  artery  and  the  left  subclavian  artery 
were  constricted,  and  the  animal  made  respiratory  efforts  in  two  minutes  and 
eight  seconds,  notwithstanding  that  artificial  respiration  was  kept  up. 

In  another  experiment,  the  same  vessels  were  constricted,  and  the  animal 
made  respiratory  efforts  in  two  minutes  and  five  seconds. 

In  a  third  experiment,  both  subclavian  arteries  and  both  carotids  were 
constricted,  and  the  animal  made  respiratory  efforts  in  two  minutes  and  seven 
seconds.  Both  vertebral  arteries  and  both  carotids  were  constricted,  and  the 
animal  made  no  respiratory  efforts  for  five  minutes ;  but  respiratory  efforts 
were  made  in  one  minute  and  thirty-five  seconds  after  both  subclavians  had 
been  constricted  in  addition  to  the  vertebrals  and  carotids. 

It  seems  from  these  experiments,  that  in  order  to  induce  respiratory 
efforts  in  an  animal  under  the  influence  of  ether  and  with  the  lungs  supplied 
with  air  by  artificial  respiration,  either  the  innominate  artery  and  the  left 
subclavian  artery,  or  both  subclavians,  both  carotids  and  both  vertebral  arte- 
ries, must  be  tied.  In  other  words,  according  to  the  view  taken  of  the  cause 
of  these  respiratory  efforts,  the  supply  of  blood  to  the  medulla  oblongata  can 
not  be  cut  off  completely  except  by  tying  all  the  vessels  given  off  from  the 
arch  of  the  aorta. 

These  observations,  taken  in  connection  with  the  experiments  of  1861, 
lead  to  the  conclusion  that  the  sense  of  want  of  air,  under  certain  conditions, 
is  due  to  a  want  of  circulation  of  oxygenated  blood  in  the  medulla  oblongata. 
This  view  has  been  advanced  by  some  writers,  but  it  has  lacked  the  positive 
experimental  proof  afforded  by  the  experiments  of  1877. 

If  the  sense  of  want  of  air  be  regarded  as  due,  under  certain  conditions, 
to  a  deficiency  of  oxygen  in  the  medulla  oblongata — which  can  hardly  be 
doubted — it  becomes  an  important  question  to  determine  whether  the  normal 
respiratory  movements  be  actually  reflex  in  their  character  or  whether  they 
be  due  to  direct  excitation  of  the  nerve-cells  in  the  respiratory  centre. 

It  is  difficult  to  account  for  the  phenomena  observed  in  experiments  in 
which  the  pneumogastrics  are  divided  or  stimulated,  without  assuming  that 
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these  nerves  sometimes — and  possibly  always,  in  tranquil  respiration — ooufey 
an  impression  to  the  respiratory  nervous  centre,  which  gives  rise  to  the  ordi- 
nary automatic  and  periodical  action  of  the  muscles  of  inspiration.  If  gnch 
au  impression  be  conveye<l  from  the  lungs  by  the  afferent  fibres  of  the  pneu- 
mogastrics,  it  coidd  not  operate  when  both  iineumogustrics  are  divided  in  the 
neck.  This  operation^  as  is  well  known,  ])rofouudly  affects  the  respiratory 
movements.  After  division  of  both  nerves,  the  respirations  become  slow  and 
unusually  deep,  ^vithout,  as  a  rule,  any  evidence  of  respiratory  distress.  In 
dogs,  the  number  of  respirations  often  falls  to  four  or  five  per  minute,  and 
their  nervous  mechanism  seems  to  be  modified.  Any  respiratory  distress  th:it 
occurs  is  due  to  the  arrest  of  the  respiratory^  movements  of  the  larynx^  aoil 
not  to  an  exaggeration  of  the  sense  of  want  of  air.  W  hen  a  feeble  Faradic 
current  is  passed  through  the  nen^es,  the  respiratory  movements  are  increased 
in  frequency^  but  the  movements  are  arrested  by  a  relatively  powerful  current 
This  action  is  reflex. 

In  view  of  all  the  ex]>erimental  facts  bearing  upon  the  question,  it  is  proba- 
ble that  the  respiratory  movements  are  sometimes  reflex  and  sometimes  due 
to  direct  excitation  of  the  cells  of  the  respiratory  centre  by  the  absence  of 
oxygen. 

In  perfectly  normal  and  tranquil  respiration,  an  impression  is  probably 
conveyed  from  the  Imigs  to  the  respiratory  centre  by  the  pneumogafitrics, 
whieli  stimulates  this  centre  to  excite  movements  of  inspiration.  This  is 
probably  due  to  a  gi-adual  and  progressive  change  in  the  character  of  the  eon- 
tent^  of  the  air-cells,  although  experiments  are  wanting  to  show  the  exact 
mechanism  of  this  process. 

When  tills  retlcx  action  is  abolished,  as  by  section  of  both  pnoumogastrics 
in  the  neck,  the  respiratory  centre  is  stimulated  only  when  the  deficiency  in 
the  supply  of  oxygen  becomes  considerable.  This  excitation  of  the  r^pim- 
tory  centre  ia  direct  It  requires  a  certain  time  for  its  operation,  and  this 
accounts  for  the  slow  respirations  in  animals  after  the  pneumogas tries  have 
been  divided.  Under  certain  physiological  conditions,  this  direct  stimulation 
may  be  added  to  the  impression  conveyed  by  the  pneumogas  tries,  and  it  is 
probable  that  tliis  always  oceui*s  in  dyspnoja. 

Sense  of  Suffomtkm. — The  respiratory  sense  must  not  be  confounded 
with  the  sense  of  distress  from  want  of  air,  and  its  extreme  degree,  the  sense 
of  suffocation.  The  first  is  not  a  sensation,  but  an  impression  made  upon  the 
medulla  oblongata,  giving  rise  to  involuntary  respiratory  movements.  The 
necessities  for  oxygen  on  the  part  of  the  system  regulate  the  supply  of  air  to 
the  lungs.  Once  in  every  seven  or  eight  respimtions,  or  when  the  respiratory 
movements  are  restricted  under  ilie  intluenco  of  depressing  emotions.,  au 
involuntary,  deep  or  sighing  inspiration  is  made,  for  the  purpose  of  changing 
the  air  in  the  lungs  more  completely.  The  increased  consumption  of  oxygen 
and  a  certiiin  degree  of  interfeix^nce  with  the  mechanical  process  of  respira- 
tion during  violent  muscular  exercise  put  one  *'  out  of  breath,''  and  for  a  time 
tlie  respiratory  movements  are  exaggerated.  This  is  perhaps  the  first  physio- 
logical way  in  which  the  want  of  air  is  appreciated  by  the  seaaes.    A  defi- 
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ciency  in  hsematosis,  either  from  a  vitiated  atmosphere,  mechanical  obstruc- 
tion in  the  air-passages  or^^rave  trouble  in  the  general  circulation,  produces 
all  grades  of  sensations,  from  the  slight  oppression  which  is  felt  in  a  crowded 
room,  to  the  intense  distress  of  suffocation.  When  haematosis  is  but  slightly 
interfered  with,  only  an  indefinite  sense  of  oppression  is  experienced,  and  the 
respiratory  movements  are  a  little  increased,  the  most  marked  effect  being 
an  increase  in  the  number  and  extent  of  sighing  inspirations. 

Respiratory  Efforts  before  Birth. 

It  is  generally  admitted  that  one  of  the  most  important  uses  of  the  pla- 
centa, and  the  one  which  is  most  immediately  connected  with  the  life  of  the 
foetus,  is  a  respiratory  interchange  of  gases,  analogous  to  that  which  takes 
place  in  the  gills  of  aquatic  animals.  The  placental  villi  are  bathed  in  the 
blood  of  the  uterine  sinuses,  and  this  is  the  only  way  in  which  the  foetal  blood 
can  receive  oxygen.  Legallois  observed  a  bright-red  color  in  the  blood  of  the 
umbilical  vein ;  and  on  alternately  compressing  and  releasing  the  vessel,  he 
saw  the  blood  change  in  color  successively  from  red  to  dark  and  from  dark 
to  red.  Zweifel  has  demonstrated  the  presence  of  oxyhaemaglobine  in  the 
blood  of  the  umbilical  vessels  by  means  of  the  spectroscope,  thus  showing 
that  it  contains  oxygen.  As  oxygen  is  thus  adequately  supplied  to  the  sys- 
tem, the  fcetus  is  in  a  condition  similar  to  that  of  the  animds  in  which  arti- 
ficial respiration  was  effectually  performed.  The  want  of  oxygen  is  fully 
met,  and  therefore  no  respiratory  efforts  take  place.  Respiratory  movements 
will  take  place,  however,  even  in  very  young  animals,  when  there  is  a  defi- 
ciency of  oxygen  in  the  system.  It  has  been  observed  that  the  liquor  amnii 
occasionally  finds  its  way  into  the  respiratory  passages  of  the  foetus,  where  it 
could  enter  only  during  efforts  at  respiration.  Winslow,  in  the  latter  part 
of  the  last  century,  first  noticed  respiratory  efforts  in  the  foetuses  of  cats  and 
dogs  in  the  uterus  of  the  mother  during  life ;  and  many  others  have  observed 
that  when  foetuses  are  removed  from  vascular  connection  with  the  mother,  they 
make  vigorous  efforts  at  respiration.  After  the  death  of  the  mother,  the 
foetus  always  makes  a  certain  number  of  distinct  and  unmistakable  respiratory 
efforts,  which  follow  each  other  at  regular  intervals. 

From  what  has  been  experimentally  demonstrated  with  regard  to  the  seat 
and  cause  of  the  respiratory  sense  after  birth,  it  is  evident  that  want  of  oxy- 
gen is  the  cause  of  respiratory  movements  in  the  fcetus.  When  the  circulation 
in  the  maternal  portion  of  the  placenta  is  interrupted  from  any  cause  or 
when  the  blood  of  the  foetus  is  obstructed  in  its  course  to  and  from  the  pla- 
centa, the  impression  due  to  want  of  oxygen  is  made  upon  the  medulla  oblon- 
gata, and  efforts  at  respiration  are  the  result. 

Cutaneous  Respiratiox. 

Respiration  by  the  skin,  although  very  important  in  many  of  the  lower 
orders  of  animals,  is  inconsiderable  in  the  human  subject  and  is  even  more 
insignificant  in  animals  covered  with  hair  or  feathers ;  still,  an  appreciable 
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quantity  of  oxygen  is  absorbed  by  the  skin  of  the  human  subject,  aod  a  qnmn- 
tity  of  carbon  dioxide,  which  is  relatively  larger,  is  exhaled.  Exhalation  of 
carbon  dioxide,  which  is  eonnected  with  the  uses  of  the  skin  as  a  genera] 
eliminating  organ  and  is  by  no  means  an  essential  part  of  the  respiratory  i 
process,  will  be  more  fully  considered  in  connection  with  the  physiolo^'  uf  j 
excretion,  Ciirbon  dioxide  is  given  olf  with  the  general  emanations  from  the 
surface,  being  found,  also,  in  solution  in  the  urine  and  in  most  of  the  secre* 
tions*  It  is  well  known  that  death  follows  the  application  of  an  imperme- 
able coating  to  the  entire  eutajieous  surface ;  but  this  is  by  no  means  due  to  a 
suppression  of  its  respiratory  office  alone.  The  skin  has  other  uses,  particu- 
larly in  connection  with  regulation  of  the  animal  temperature,  which  are 
much  more  important 

An  estimate  of  the  extent  of  the  cutaneous,  as  compared  with  pulmonary 
reepiration,  has  been  made  by  Seharling,  by  comparing  the  relative  quantities 
of  carbon  dioxide  exhaled  in  the  twenty-four  hours.  According  to  this  ob- 
server, the  sldn  pei-forms  ^  to  ^  of  the  respiratory  office.  It  is  difficult  to 
collect  all  tlie  carbun  dioxide  given  off  by  the  skin  under  perfectly  normal 
conditions.  In  the  observations  by  Aubert,  the  estimate  is  very  much  lower 
than  that  given  by  Scharling, 

Asphyxia. 

The  effects  of  cutting  off  tlie  supply  of  oxygen  from  the  lungs  are  mainly 
referable  to  tlie  circulatory  systctn  and  Imve  already  been  considered  in  treat- 
ing of  the  influence  of  respiration  upon  the  circulation.  It  will  be  remem- 
bered that  in  asphyxia  the  unaC-ratcd  blood  passes  with  so  much  difficulty 
tlirough  the  systemic  capillaries  as  hnidly  to  arrest  the  action  of  the  heai't^ 
It  is  the  experience  of  experimenters  on  living  animals,  that  the  movemeut« 
of  the  heart,  once  arrested  in  this  way,  can  not  l>e  restored ;  but  that  while 
the  slightest  regular  movements  continue,  the  heart's  action  will  gradually 
return  if  air  be  re-admitted  to  the  lungs. 

A  remarkable  power  of  resisting  a^pliyxia  exists  in  newborn  animals 
that  have  never  breathed.  This  was  noticed  by  Ualler  and  others  and  has 
been  the  subject  of  many  experiments,  Legallois  fiHind  that  young  rabbits 
would  live  for  fifteen  minutes  deprived  of  air  by  submersion,  but  that  this 
power  of  resistance  diminished  rapidly  ^rith  age.  W.  F*  Edwards  has  shown 
that  there  exist^s  a  great  difference  in  this  regard  in  diffei'ent  species.  Dogs 
and  cats,  which  are  born  with  the  eyes  shut  and  in  which  there  is  at  first  a 
very  slight  development  of  animal  heat,  will  show  signs  of  life  after  submer- 
sion for  more  than  half  an  hour ;  while  Guinea-pigs,  which  are  born  with  , 
the  eyes  ope!i,  are  inucli  more  active  and  produce  a  greater  amount  of  heat, 
will  not  live  for  more  than  seven  minutes.  The  explanation  of  tliis  is  that 
in  most  warm-blooded  animals,  during  the  very  first  periods  of  extraut-erine 
life,  the  demands  on  the  pai't  of  the  system  for  oxygen  are  comparatively 
filight  At  this  time,  there  is  very  little  activity  in  the  general  processes  of 
nutrition  and  in  the  consumption  of  oxygen  and  the  exhalation  of  carboa  1 
dioxide,    Tlie  actual  difference  between  the  consumption  of  oxygen  imme-i 
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diately  after  birth  and  at  the  age  of  a  few  days  is  sufficient  to  explain  the 
remarkable  power  of  resisting  asphyxia  just  after  birth. 

Breathing  in  a  Confined  Space. — An  important  question  connected  with 
the  physiology  of  asphyxia,  is  the  effect  on  the  system,  of  air  vitiated  by  breath- 
ing in  a  confined  space.  There  are  here  several  points  which  present  them- 
selves for  consideration.  The  effect  of  respiration  on  the  air  is  to  take  away  a 
certain  proportion  of  oxygen  and  to  add  certain  matters  which  are  regarded 
as  deleterious.  The  emanation  which  has  been  generally  regarded  as  hav- 
ing the  most  decided  influence  upon  the  system  is  carbon  dioxide ;  but  this 
influence  has  been  much  over-estimated.  In  death  from  charcoal-fumes, 
it  is  generally  carbon  monoxide  which  is  the  poisonous  agent.  Regnault  and 
Reiset  exposed  dogs  and  rabbits  for  many  hours  to  an  atmosphere  contain- 
ing twenty-three  parts  per  hundred  of  carbon  dioxide  artificially  introduced, 
and  between  thirty  and  forty  parts  of  oxygen,  without  any  ill  effects.  They 
took  care,  however,  to  keep  up  a  free  supply  of  oxygen. 

These  experiments  are  at  variance  with  the  result  obtained  by  others,  but 
Begnault  and  Eeiset  explained  this  difference  by  the  supposition  that  the 
gases  in  other  observations  were  probably  impure,  containing  a  little  chlorine 
or  carbon  monoxide.  This  view  is  sustained  by  the  experiments  of  Bernard 
with  carbon  monoxide.  In  animals  killed  by  this  gas,  the  blood,  both  venous 
and  arterial,  is  of  a  bright-red  color,  which  is  due  to  the  fixation  of  the  gas 
by  the  blood-corpuscles.  In  this  way,  the  red  corpuscles,  which  act  normally 
as  respiratory  agents,  carrying  oxygen  to  the  tissues,  are  paralyzed,  and  the 
animal  dies  from  asphyxia. 

In  breathing  in  a  confined  space,  the  distress  and  the  fatal  results  are 
produced,  in  all  probability,  more  by  animal  emanations  and  a  deficiency  of 
oxygen  than  by  the  presence  of  carbon  dioxide.  When  the  latter  gas  is  re- 
moved as  fast  as  it  is  produced,  the  effefets  of  diminution  in  the  proportion  of 
oxygen  are  soon  very  marked,  and  they  progressively  increase  until  death  oc- 
curs. The  influence  of  emanations  from  the  lungs  and  general  surface  is 
undoubtedly  very  considerable ;  and  this  fact,  which  almost  all  have  experi- 
enced more  or  less,  has  been  fully  illustrated  in  several  instances  of  large 
numbers  of  persons  confined  without  proper  change  of  air.  Overcrowding 
is  one  of  the  most  prolific  sources  of  disease  among  the  poorer  classes  of 
society ;  and  there  are  many  forms  of  disease  prevalent  in  large  cities,  that 
are  almost  unknown  in  the  rural  districts  and  that  can  be  alleviated  only  by 
proper  sanitary  regulations,  which,  unfortunately,  it  is  often  diflicult  to  en- 
force. 

In  crowded  assemblages,  the  slight  diminution  of  oxygen,  the  elevation 
of  temperature,  increase  in  moisture,  and  particularly  the  presence  of  organic 
emanations,  combine  to  produce  unpleasant  sensations.  The  effects  of  this 
carried  to  an  extreme  degree  were  exemplified  in  the  confinement  of  the  one 
hundred  and  forty-six  English  prisoners,  for  eight  hours  only,  in  the  "  Black 
Hole  "  of  Calcutta,  a  chamber  eighteen  feet  (  5*486  metres )  square,  with  only 
two  small  windows,  and  those  obstructed  by  a  veranda.  Out  of  this  number, 
ninety-six  died  in  six  hours,  and  one  hundred  and  twenty-three,  at  the  end 
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of  the  eight  hours.  Many  of  those  who  immediately  sanriyed  died  afterward 
of  putrid  fever  ("Annual  Register,"  1758).  The  incident  of  the  "^ Black 
Hole  of  Calcutta  '^  has  frequently  been  repeated  on  emigrant  and  daTe  ships, 
by  confining  great  numbers  in  the  hold  of  the  vessel,  where  they  were 
entirely  shut  out  from  the  fresh  air. 

The  condition  of  the  system  has  a  marked  and  important  influence  on 
the  rapidity  with  which  the  effects  of  vitiated  atmosphere  are  manifested. 
As  a  rule,  the  immediate  effects  of  confined  air  are  not  developed  so  soon  in 
weak  and  debilitated  persons  as  in  those  who  are  active  and  powerfoL  It 
has  sometimes  been  observed,  in  cases  where  a  male  and  female  have  attempted 
suicide  together  by  the  fumes  of  charcoal,  that  the  female  has  been  restored 
some  time  after  life  had  become  extinct  in  the  male.  This  is  probably  owing 
to  the  greater  demand  for  oxygen  on  the  part  of  the  male. 

When  poisoning  by  confined  air  is  gradual,  the  system  becomes  accus- 
tomed to  the  toxic  influence,  tlie  temperature  of  the  body  is  lowered,  and  an 
animal  will  live  in  an  atmosphere  which  will  produce  instantaneous  death  in 
one  that  is  fresh  and  vigorous.  Bernard  has  made  a  number  of  experiments 
on  this  point.  In  one  of  them,  a  sparrow  was  confined  under  a  bell-glass  for 
an  hour  and  a  half,  at  the  end  of  which  time  another  was  introduced,  the 
first  being  still  quite  vigorous.  The  second  became  instantly  much  distressed 
and  died  in  five  minutes;  but  ten  minutes  after,  the  sparrow  which  had 
been  confined  for  more  than  an  hour  and  a  half  was  released  and  flew  away. 
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In  the  organism  of  animals,  every  part  is  continually  undergoing  what 
may  be  called  physiological  wear ;  the  nitrogenized  constituents  of  the  body 
are  being  constantly  transformed  into  effete  matter ;  and  as  these  constitu- 
ents never  exist  without  inorganic  matters,  with  which  they  are  closely  and 
inseparably  united,  it  is  found  that  the  products  of  their  disassimilation 
are  always  discharged  from  the  body  in  combination  with  inorganic  sub- 
stances. This  process  of  molecular  change  is  a  necessary  condition  of  life. 
Its  activity  may  be  increased  or  retarded  by  various  means,  but  it  can  not  be 
arrested.  Tlie  excrementitious  matters  which  are  thus  formed  are  produced 
constantly  by  the  tissues  and  must  be  continually  removed  from  the  or- 
ganism. 
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It  is  evident,  from  the  amount  of  matter  that  is  daily  discharged  from 
the  body,  that  the  process  of  disassimilation  must  be  very  active.  Its  constant 
operation  necessitates  a  constant  appropriation  of  new  matter  by  the  parts, 
in  order  that  they  may  maintain  their  integrity  of  composition  and  be  al- 
ways ready  to  perform  their  offices  in  the  economy.  The  blood  contains 
all  the  materials  necessary  for  the  regeneration  of  the  organism.  Its  inor- 
ganic constituents  are  found  generally  in  the  form  in  which  they  exist  in 
the  substance  of  the  tissues ;  but  the  organic  constituents  of  the  parts  are 
formed  in  the  substance  of  the  tissues  themselves,  by  a  transformation  of 
matters  furnished  by  the  blood.  The  physiological  wear  of  the  organism  is, 
therefore,  being  constantly  repaired  by  the  blood ;  but  in  order  to  keep  the 
great  nutritive  fluid  from  becoming  impoverished,  the  matters  which  it  is 
constantly  losing  must  be  supplied  from  some  source  out  of  the  body,  and 
this  necessitates  the  ingestion  of  articles  which  are  known  as  food.  Food  is 
taken  into  the  body  in  obedience  to  a  want  on  the  part  of  the  system,  which 
is  expressed  by  the  sensation  of  hunger,  when  it  relates  to  solid  or  semi-solid 
matters,  and  of  thirst,  when  it  relates  to  water. 

Hunger  and  Thirst. 

The  term  hunger  may  be  applied  to  all  degrees  of  that  peculiar  want  felt 
by  the  system,  which  leads  to  the  ingestion  of  nutritive  substances.  Its 
first  manifestations  are,  perhaps,  best  expressed  by  the  term  appetite ;  a  sen- 
sation by  no  means  disagreeable,  and  one  which  may  be  excited  by  the  sight, 
smell,  or  even  the  recollection  of  savory  articles,  at  times  when  it  does  not 
absolutely  depend  on  a  want  in  the  system.  In  the  ordinary  and  moderate 
development  of  the  appetite,  it  is  impossible  to  say  that  the  sensation  is  refer- 
able to  any  distinct  part  or  organ.  It  is  influenced  in  some  degree  by  habit; 
in  many  persons,  the  feeling  being  experienced  at  or  near  the  hours  when  food 
is  ortlinarily  taken.  If  not  soon  gratified,  the  appetite  is  rapidly  intensified 
until  it  becomes  actual  hunger.  Except  when  the  quantity  of  food  taken  is 
unnecessarily  large,  the  appetite  simply  disappears  on  the  introduction  of 
food  into  the  stomach  and  gives  place  to  the  sense  of  satisfaction  which 
accompanies  the  undisturbed  and  normal  action  of  the  digestive  organs ;  or 
in  those  who  are  in  the  habit  of  engaging  in  absorbing  occupations  at  that 
time,  the  only  change  experienced  is  the  absence  of  desire  for  food. 

It  has  been  observed  that  children  and  old  persons  do  not  endure  depri- 
vation of  food  so  well  as  adults.  This  was  noted  in  the  case  of  the  wreck 
of  the  frigate  Medusa.  After  the  wreck,  one  hundred  and  fifty  persons,  of 
all  ages,  were  exposed  on  a  raft  for  thirteen  days,  with  hardly  any  food.  Out 
of  this  number  only  fifteen  survived ;  and  the  children,  the  young  persons 
and  the  aged,  were  the  first  to  succumb. 

Important  modifications  in  the  appetite  are  due  to  temperature.  In  cold 
climates  and  during  the  winter  season  in  all  climates,  the  desire  for  food  is 
notably  increased,  and  the  tastes  are  somewhat  modified.  Animal  food,  and 
particularly  fats,  are  more  agreeable  at  that  time,  and  the  quantity  of  nutri- 
ment which  is  demanded  by  the  system  is  then  considerably  increased.     In 
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many  persons  the  difference  in  the  appetite  iu  warm  and  oold  bbmohb  is  Tefj 
marked. 

Exercise  and  occupation,  both  mental  and  physical,  when  not  push^  to 
the  point  of  exlmustion,  increase  the  desire  for  food  and  undoubtedly  facili- 
tate digegtion.  Certain  articles,  especiaUy  the  vegetable  bitters,  taken  into 
the  stomach  imiiieiliately  before  the  time  when  food  is  habitually  taken,  fre- 
quently hare  the  same  effect ;  while  other  articles  which  do  not  satisfy  the 
requirements  uf  the  system  have  a  tendency  to  diminish  the  desire  for  food. 
Many  articles  of  the  materia  medica,  especially  prepanitions  of  opium, 
have,  in  some  persons,  a  marked  influence  in  diminishing  the  appetite.  The 
abuse  of  alcoholic  stimulants  will  sometimes  take  away  all  desii-e  for  fi> 
When  hunger  is  pressing,  it  has  been  observed  that  tobacco,  in  thi>se  wh 
are  accustomed  to  its  use,  will  freqiiently  allay  the  sensation  for  a  time^ 

If  food  be  not  taken  in  obedience  to  the  demands  of  the  system  it-  tx- 
pressed  by  the  appetite,  the  sensation  of  hunger  becomes  most  distreissinj 
It  is  then  manifested  by  a  peculiar  and  indesc*ribable  sensation  in  the  stom- 
achy which  soon  becomes  developed  into  actual  paim  This  is  generally  accom- 
panied with  intense  pain  in  tlie  head  and  a  feeling  of  general  distress,  which 
soon  render  the  satisfaction  of  this  impenitive  demand  on  the  part  of  the 
system  the  absorbing  idea  of  existence.  Furious  delirium  frequently  super- 
venes after  a  few  days  of  complete  abstinence;  and  this  is  generally  the 
inmifdiate  precursor  of  death.  It  is  unnecessary  to  cite  the  many  ins 
in  which  murder  and  caimibalisra  liave  been  resorted  to  when  starvation  ] 
imminent ;  suffice  it  to  say,  that  the  extremity  of  hunger  or  of  tliirsst,  like 
the  sense  of  im|>ending  suffocation,  is  a  demand  on  the  part  of  the  system  i 
imj>erative,  that  it  must  be  satisfied  if  within  the  range  of  possibility. 

The  question  of  the  seat  of  the  sense  of  hunger  is  one  of  considerable 
physiological  interest  Saring  that  it  is  instinctively  referred  to  the  stomach, 
is  simply  expressing  the  fact  that  the  sensation  is  of  a  nature  to  demand 
the  introduction  of  food  in  the  usual  way.  When  the  system  is  suffering 
from  defective  nutrition,  as  after  prolonged  abstinence  or  during  recovery 
from  diseases  which  have  been  accompauiwl  by  a  lack  of  assimilation,  the 
mere  filling  of  the  stomach  produces  a  sensation  of  repletion  of  this  organ, 
but  the  sense  of  hunger  is  not  relieved ;  but  if,  on  the  other  hand,  tlie  nutri-  ^ 
tion  be  active  and  sufficient,  the  stomach  is  frequently  entirely  empty  for  i 
considerable  time  without  the  development  of  the  sense  of  hunger, 
appetite  is  preserved  and  hunger  is  felt  by  persons  who  suffer  from  extensival 
organic  disease  of  the  stomach,  and  the  sensation  has  been  occasionally 
relieved  by  nutritious  enemata  or  by  injections  into  the  veins.  It  is  > 
that  the  appetite  and  the  sense  of  hunger  are  expressions  of  a  want  on  thfl 
part  of  the  organism,  referred  by  the  sensations  to  the  stomach,  but  really 
existing  in  the  genenil  system.  T]m  can  be  completely  satisfied  only  by  the 
absorption  of  digested  alinjentury  matters  by  the  blood  and  their  assimilation 
by  the  tissues. 

The  sense  of  hunger  is  undoubte<lly  appreciated  by  the  cerebrum,  and  i| 
has  been  a  question  whether  there  be  any  s|>ecial  nerve-s  which  convey  thia 
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impression  t6  the  encephalon.  The  nerve  which  would  naturally  be  sup- 
posed to  have  this  office  is  the  pneumogastric ;  but  notwithstanding  certain 
observations  to  the  contrary,  it  has  been  shown  that  section  of  both  of  these 
nerves  by  no  means  abolishes  the  desire  for  food.  Longet  has  observed  that 
dogs  eat,  apparently  with  satisfaction,  after  section  of  the  glosso-pharyngeal 
and  lingual  nerves.  This  observer  is  of  the  opinion  that  the  sensation  of 
hunger  is  conveyed  to  the  brain  through  the  sympathetic  system.  Although 
there  are  various  considerations  which  render  this  somewhat  probable,  it  is 
not  apparent  how  it  could  be  demonstrated  experimentally.  It  is  undoubt- 
edly the  sympathetic  system  of  nerves  which  presides  specially  over  nutrition ; 
and  hunger,  which  depends  upon  deficiency  of  nutrition,  is  certainly  not  con- 
veyed to  the  brain  by  any  of  the  cerebro-spinal  nerves. 

Thirst  is  the  peculiar  sensation  which  leads  to  the  ingestion  of  water. 
In  its  moderate  development,  this  is  usually  an  indefinite  feeling,  accom- 
panied by  more  or  less  sense  of  dryness  and  heat  of  the  throat  and  fauces, 
and  sometimes,  after  the  ingestion  of  a  quantity  of  very  dry  food,  by  a 
sensation  referred  to  the  stomach.  When  the  sensation  of  thirst  has  become 
intense,  the  immediate  satisfaction  which  follows  the  ingestion  of  a  liquid, 
particularly  water,  is  very  great.  Thirst  is  very  much  under  the  influence  of 
habit ;  some  persons  experiencing  a  desire  to  take  liquids  only  two  or  three 
times  daily,  while  others  do  so  much  more  frequently.  The  sensation  is  also 
sensibly  influenced  by  the  condition  of  the  atmosphere  as  regards  moisture, 
by  exercise  and  by  other  conditions  which  influence  the  discharge  of 
water  from  the  body,  particularly  by  the  skin.  A  copious  loss  of  blood  is 
always  followed  by  great  thirst.  This  is  frequently  noticed  in  the  inferior 
animals.  After  an  operation  involving  haemorrhage,  they  nearly  always  drink 
with  avidity  as  soon  as  released.  In  diseases  which  are  characterized  by 
increased  discharge  of  liquids,  thirst  is  generally  excessive. 

The  demand  on  the  part  of  the  system  for  water  is  much  more  imperative 
than  for  solids ;  in  this  respect  being  second  only  to  the  demand  for  oxygen. 
Animals  will  live  much  longer  when  deprived  of  solid  food  but  allowed  to 
drink  freely  than  if  deprived  of  both  food  and  drink.  A  man,  supplied  with 
dry  food  but  deprived  of  water,  will  not  survive  more  than  a  few  days.  AV'ater 
is  necessary  to  the  processes  of  nutrition,  and  acts,  moreover,  as  a  solvent  in 
removing  from  the  system  the  products  of  disassimilation. 

After  deprivation  of  water  for  a  considerable  time,  the  intense  thirst  be- 
comes most  distressing.  The  dr}Tiess  and  heat  of  the  throat  and  fauces  are 
increased  and  accompanied  with  a  sense  of  constriction.  A  general  febrile 
condition  supervenes,  the  blood  is  diminished  in  quantity  and  becomes  thick- 
ened, the  urine  is  scanty  and  scalding,  and  there  seems  to  be  a  condition  of 
the  principal  viscera  approaching  inflammation.  Death  takes  place  in  a  few 
days,  generally  preceded  by  delirium. 

The  sensation  of  thirst  is  instinctively  referred  to  the  mouth,  tliroat  and 
fauces ;  but  it  is  not  necessarily  appeased  by  the  passage  of  water  over  these 
parts,  and  it  may  be  effectually  relieved  by  the  introduction  of  water  into  the 
system  by  other  channels,  as  by  injecting  it  into  the  veins.     Bernard  has 
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demongtratedi  bj  the  following  experiment,  that  water  must  be  absorbed 
before  the  demands  of  the  system  can  be  satisfied :  He  mode  an  opening  into 
the  oesophagus  of  a  horse^  tied  the  lower  portion,  and  allowed  the  animal  to 
drink  after  he  had  been  deprived  of  water  fur  a  number  of  hours.  The  ani^ 
mal  drank  an  immense  quantit}\  but  the  water  did  not  pa^  into  the  stomach 
and  the  thirst  was  not  relieved.  He  modified  this  experiment  by  catiaiiig 
dogs  to  drink,  with  a  fistulous  opening  into  the  stomach  by  wliich  tlie  water 
was  ijnmediately  discharged.  They  continued  to  drink  mthout  being  sati»- 
fied^  until  tlie  fistula  was  closed  and  the  water  could  be  absorbed. 

In  a  case  reported  by  Gairdner  (1820)^  in  the  human  subject,  all  the 
liquids  swallowed  passed  out  at  a  wound  in  the  neck,  by  which  the  cesophagtts 
had  been  cut  across.  The  thirst  in  this  case  was  insatiable,  although 
buckets  of  water  were  taken  in  the  day ;  but  on  injecting  water,  mixed  with 
a  little  spirit^  into  the  stomach,  the  sensation  was  soon  relieved^ 

Although  the  sensation  of  thirst  is  referred  to  special  parts,  it  is  an  ei- 
pression  of  the  want  of  liquids  in  the  system  and  is  to  be  effectually  relietcd 
only  by  their  absorption  by  the  blood.     There  are  no  nerves  belonging  to 
cerebro-spinal  system  which  have  the  office  of  conveying  this  sensation  to 
brain,  division  of  which  will  abolish  the  desire  for  liquids.     Experime: 
show  that  no  elfec*tual  relief  of  the  sensation  is  afforded  by  simply  moisiei 
the  parts  to  which  the  heat  and  dryness  are  referred.     As  a  demand  on  tbe 
part  of  the  system,  it  h  entirely  analogous  to  the  sense  of  want  of  air  and  of 
hunger,  differing  only  in  tlie  way  in  which  it  is  manifested. 

The  length  of  time  that  life  continues  after  complete  deprivation  of  food 
and  drink  is  very  variable.  The  influences  of  age  and  obesity  have  already 
been  referred  to.  Without  citing  the  individual  instances  of  starvation  in 
the  human  subject  which  have  been  reported,  it  may  be  stated,  in  general 
terms,  that  death  occurs  within  five  to  eight  days  after  total  deprivation 
of  food.  In  the  instance  of  the  one  hundred  and  fifty  persons,  wrecked  on 
the  frigate  Medusa,  in  1816,  who  were  exposed  on  a  i-aft  in  the  open  sea  for 
thirteen  days,  only  fifteen  were  found  alive.  Savigny,  one  of  the  survivors, 
gave,  in  an  inaugural  thesis,  a  very  instructive  and  accurate  account  of  this 
occurrence,  which  has  been  very  generally  quoted  in  works  of  physiology. 
Authentic  instances  are  on  record  in  which  life  has  been  prolonged  much 
beyond  the  perir^d  above  mentioned ;  but  they  generally  occurred  in  persons 
who  were  so  situated  as  not  to  suffer  from  cold,  which  the  system,  under  this 
condition,  has  very  little  power  to  resist.  In  these  cases,  also,  there  was  n^^ 
muscular  exertion,  and  water  was  generally  taken  in  abundance.  ^^M 

Berard  quoted  the  example  of  a  convict  who  died  of  starvation  after  sixt^^^ 
three  days,  but  in  this  case  water  was  taken.  An  instance  of  eight  miners 
who  surnved  after  five  days  and  sixteen  hours  of  almost  complete  deprivatioii 
of  food  is  referre<l  to  in  works  upcm  physiology.  Berard  has  also  quoted,  from 
various  authors,  instances  of  deprivation  of  food  for  periods  varying  between 
four  months  and  sixteen  years;  but  these  at^counts  are  not  properly  authen- 
ticated and  are  disci-edited  by  physiologists*  They  generally  occurreii  in 
iiyateric^  females,  and  their  consideration  belongs  to  psychology  rather  than 
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to  physiology.  According  to  Chossat,  death  from  starvation  occurs  after  a 
loss  of  four-tenths  of  the  weight  of  the  body,  the  time  of  death  being  variable 
in  different  classes  of  animals. 

Thirty  to  thirty-five  days  may  be  taken  as  the  average  duration  of  life  in 
dogs  deprived  entirely  of  food  and  drink.  It  is  important  to  bear  in  mind 
this  fact  in  connection  with  observations  on  the  nutritive  value  of  different 
articles  of  food. 

Alimentation. 

Under  the  name  of  aliment,  in  its  widest  signification,  it  is  proposed  to 
include  all  articles  composed  of  or  containing  substances  in  a  form  which  en- 
ables them  to  be  used  for  the  nourishment  of  the  body,  either  by  being  them- 
selves appropriated  by  the  organism,  by  infiuencing  favorably  the  process  of 
nutrition,  or  by  retarding  disassimilation.  Those  substances  which  are  them- 
selves appropriated  may  be  called  direct  aliments ;  and  those  which  simply 
assist  nutrition  without  contributing  reparative  material,  together  with  those 
which  retard  disassimilation,  may  be  termed  accessory  aliments.  In  this 
definition  of  aliment,  nothing  is  excluded  which  contributes  to  nutrition. 
The  air  must  be  considered  in  this  light,  as  well  as  water  and  all  articles 
which  are  commonly  called  drinks. 

In  the  various  articles  used  as  food,  nutritious  substances  are  frequently 
combined  with  each  other  and  with  indigestible  and  innutritions  matters. 
The  constituents  of  the  food  which  are  directly  used  in  nutrition  are  the  true 
alimentary  substances,  embracing,  thus,  only  those  which  are  capable  of 
absorption  and  assimilation.  The  ordinary  food  of  the  warm-blooded  ani- 
mals contains  alimentary  matters  united  with  innutritious  substances  from 
which  they  are  separated  in  digestion.  This  necessitates  a  complicated 
digestive  apparatus.  In  some  of  the  inferior  animals,  the  quantity  of  nu- 
tritious matter  forms  so  small  a  part  of  the  ingesta  that  the  digestive 
apparatus  is  even  more  complicated  than  in  the  human  subject.  This  is 
specially  marked  in  the  herbivora,  the  flesh  of  which  forms  an  important  part 
of  the  diet  of  man.  In  addition  to  what  are  distinctly  recognized  as  ali- 
mentary substances,  food  has  many  constituents  which  exert  an  important 
influence  on  nutrition,  which  have  never  been  isolated  and  analyzed,  but 
which  render  it  agreeable.  Many  of  these  are  developed  in  the  process  of 
cooking. 

Alimentary  substances  belong  to  the  inorganic,  vegetable,  and  animal 
kingdoms.     They  are  generally  divided  into  the  following  classes : 

1.  Organic  nitrogenized  substances  (albumen,  fibrin,  caseine,  myosine 
etc.),  belonging  to  the  animal  kingdom,  and  vegetable  qjtrogenized  substances, 
such  as  gluten  and  legumine. 

2.  Organic  nitrogenized  substances  (sugars,  starch  and  fats). 

3.  Inorganic  substances. 

Nitrogenized  Alimentary  Substances. — In  the  nutrition  of  certain  classes 
of  animals,  these  substances  are  derived  exclusively  from  the  animal  king- 
dom, and  in  others,  exclusively  from  the  vegetable  kingdom ;  but  in  man. 
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both  animals  and  vegetables  contribute  nitrogonized  matters.  In  both  ani- 
mal and  vegetable  food,  nitrogenized  substances  are  always  fonnd  combined 
with  inorganic  matters  (water,  so4iitim  chloride,  the  phosphates,  sulphates  etc,>, 
and  frequently  with  non-nitrogenized  matters,  especially  the  carbohydrates. 

The  most  important  nitrogenized  alimentary  constituents  of  food  Mie  oon- 
tained  in  the  muscular  substance,  egp,  milk,  the  juices  of  vegetable  cereal 
gr&inB  etc.  Many  of  these  substances  have  been  isolated  and  studied  by 
chemists.  Among  the  most  important  are  myosine,  the  chief  organic  eon* 
stitttent  of  muscle,  the  various  albumens  found  in  eggs  and  in  animal  fluiils, 
analogous  substances  existing  in  vegetables,  caseine  in  milk,  a  substance 
sometimes  called  vegetable  caseine,  \'itelline  in  yelk  of  egg^  fibrin,  gelatine, 
and  gluten^  an  imiKirtant  alimentary  substance  found  in  the  cereal  grains, 
etc.  A  distinctive  character  of  these  substances  is  that  they  all  contain  nitnv 
ge^,  being  composed  of  carbon,  oxygen,  hydrogen  and  nitrogen,  with  prob- 
ably a  small  quantity  of  sulphur.  They  are  all  either  liquid  or  semi-solid  in 
consistence,  not  crystallizable,  and  are  coagidaljle  by  various  reagenta  The 
type  of  substances  of  this  class  is  albumen^  which  has  the  provisional  formal^^ 
^TsHjifOt^Xi^S  (Lieberkuhn) ;  and  they  are  sometimes  called  albamino(id^^| 
They  are  also  called  pfoteids,  after  a  hvpothetical  substance  described  by 
Mulder,  under  the  name  of  proteine. 

The  nitrogenized  substances  are  found  in  animrd  bodies,  as  has  already 
been  stated.  They  originate  in  vegetables  by  a  union  of  nitrogen,  derived 
from  saline  matters,  with  the  carbohydrates,  the  carbohydrates  in  vegetables 
being  produced  from  carbonic  acid  and  water.  No  part  of  the  nitrogen  used 
by  vegetables  in  the  formation  of  the  albuminoids  is  derived  from  the  atmos- 
phere ( Hoppe-Seyler). 

A  distinctive  character  of  substances  of  this  class  is  that  under  ^vonible 
conditions  of  heat  and  moisture  they  undergo  a  peculiar  form  of  deoompofii- 
tion,  called  putrefaction.     In  the  process  of  digestion,  these  substancsea  ara 
changed  into  peptones,  and  afterward,  it  is  thought,  into  leucine,  t\Togi 
and  some  other  substances  not  well  defined.     An  analogous  decomposition 
said  to  take  place  under  the  influence  of  dilute  hydrochloric  acid,  at  a  tera 
peraturo  of  104°  Fahr  (4<)°  C),  and  of  dilute  sulphuric  acid,  at  a  tempei 
ture  of  21-2^  Fahr.  (100°  C).     The  chemical  history  of  these  subsUuii 
Would  require  for  its  comprehension  an  elaborate  description  such  as  proper- 
ly belongs  oidy  to  special  works  on  physiological  chemistry. 

Xmi-XUrogenhed  AUmentnrff   SHbHtanrm. — The   important   non-nitro- 
genized alimentary  substances  are  sugars,  starch  and  fats.    They  are  all  com- 
posed of  carbon^  hydrogen  and  ox^^gen.     In  sugars  and  starch,  the  hydroj 
and  oxygen  exist  in  the  proportion  to  form  water,  and  the^  matters  are  the 
fore  called  carbohydrates*    The  non-nitrogenized  constituents  of  food  are  of 
organic  origin,  definite  chemical  composition  and  crystallizable. 

Stigar». — Many  varieties  of  sugar  occur  in  food,  and  this  sul>stanoe 
may  be  derived  from  both  the  animal  and  the  vegetable  kingdoms.  The 
most  common  varieties  derived  from  animals  are  sugar  of  milk,  and  honey, 
beride  a  small  quantity  of  liver-sugar,  which  is  taken  whenever  the  liver  is 
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used  as  food.  The  sugars  derived  from  the  vegetable  kingdom  are  cane- 
sugar,  under  which  head  may  be  classed  all  varieties  of  sugar  except  that  ob- 
tained from  fruits,  and  grape-sugar,  which  comprises  all  the  varieties  existing 
in  fruits.  The  following  are  the  formulaa  for  the  different  varieties  of  sugar 
in  a  crystalline  form : 

Cane-Sugar  (Saccharose),  CsfHigOn 

Milk-Sugar  (Lactose),  CigH^Ois 

Grape-Sugar  (Glucose,  Dextrose),  CeHigO^ 

All  varieties  of  sugar  have  a  peculiar,  sweet  taste ;  they  are  all  soluble  in 
water,  glucose  being  more  soluble  than  cane-sugar  or  lactose;  glucose  is 
sparingly  soluble  in  alcohol,  which  dissolves  small  quantities,  only,  of  cane- 
sugar  or  lactose ;  glucose  ferments  readily  and  is  changed  into  alcohol  and 
carbon  dioxide ;  cane-sugar  and  lactose  are  said  to  be  incapable  of  fermenta- 
tion, but  cane-sugar  may  easily  be  converted  into  fermentable  glucose,  and 
lactose,  into  a  fermentable  sugar  called  galactose,  by  boiling  with  dilute 
mineral  acids ;  they  are  capable  of  being  converted  into  lactic  acid  in  the 
presence  of  decomposing  nitrogenized  matters ;  they  are  inflammable,  leav- 
ing an  abundant  carbonaceous  residue  and  giving  off  a  peculiar  odor  of  cara- 
mel ;  they  undergo  other  modifications  when  treated  with  the  mineral  acids 
or  with  alkalies,  which  are  interesting  more  in  a  chemical  than  a  physiolog- 
ical point  of  view.  Of  all  the  varieties  of  sugar,  that  made  from  the  sugar- 
cane is  the  most  soluble,  the  sweetest  and  the  most  agreeable.  Beet-root 
sugar  is  identical  with  cane-sugar. 

Much  of  the  sugar  used  in  the  nutrition  of  the  organism  is  formed  in  the 
body  by  the  digestion  of  starch.  This  transformation  of  starch  may  be 
effected  artificially.  The  sugar  thus  formed,  called  glucose,  is  identical  in 
composition  with  grape-sugar.  Except  in  the  milk  during  lactation,  this 
is  the  only  form  in  which  sugar  exists  in  the  organism,  all  the  sugar  of  the 
food  being  converted  into  glucose  before  it  is  taken  into  the  blood. 

Starch, — A  non-nitrogenized  substance,  closely  resembling  sugar  in  its 
ultimate  composition  (CeHioOg),  is  contained  in  abundance  in  a  gi-eat  num- 
ber of  vegetables.  It  is  found  particularly  in  the  cereals  (wheat,  rye,  corn, 
barley,  rice  and  oats),  in  the  potato,  chestnuts,  and  in  the  grains  of  legumi- 
nous plants  (beans,  peas,  lentils  and  kidney-beans),  in  the  tuberous  roots  of 
the  yam,  tapioca  and  sweet-potato,  in  the  roots  of  the  Maranta  artindinacea 
(arrowroot),  in  the  sago-plant  and  in  the  bulbs  of  orchis.  In  the  cereals, 
after  desiccation,  the  proportion  of  starch  is  usually  between  sixty  and  sev- 
enty per  cent.  It  is  most  abundant  in  rice,  which  contiiins,  after  desiccation, 
88*65  per  cent. 

When  extracted  in  a  pure  state,  starch  is  in  the  form  of  granules,  varying 
in  size  between  1^^^^  and  ^fj-  of  an  inch  (2*5  and  62*5  /a),  and  presenting,  in 
most  varieties,  certain  peculiarities  of  form.  The  granule  frequently  is 
marked  by  a  little  conical  excavation  called  the  hilum,  and  tlie  starch- 
substance  is  arranged  in  the  form  of  concentric  laminae,  the  outlines  of 
which  are  often  quite  distinct.  When  starch  is  rubbe<tl  between  the 
fingers,  these  little,  hard  bodies  give  it  rather  a  gritty  feel  and  produce  a 
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TlQ*  49. — Arrourroot  wtarrh-gramdes  :  magnified 
970  dUimfitrt  (from  a  phot* tf^rapli  taken  at  the 
United  States  Army  Medical  Muaeam). 


crackling  sonnd.     The  different  varieties  of  stiirch  may  be  recognixed  micro- 
scopically by  the  peculiar  ap{>earance  of  the  granules. 

Starch  is  insoluble  in  cold  water ;  but  when  boiled  with  several  times  ite 
volume  of  water,  the  granules  swell  up,  become  trangparent^  and  finally  fuse 

together,  mingling  with  the  water 
and  giving  it  a  mucilaginoos  otm- 
sistenoe.  The  mixture  on  cooling 
forms  a  jelly-like  mass  of  greater  or 
less  consistence.  This  change  in 
starch  is  called  hydration  and  is  im- 
portant as  one  of  the  transforma* 
tions  which  take  place  iu  the  prooea 
of  digestion,  when  starch  is  tak« 
uncooked*  This  change  ia  gene: 
effected  more  or  less  completely, 
however,  in  the  process  of  oookiug. 
The  most  important  properties 
of  starch  are  connected  with  its 
tranfiforraation,  first  into  dextrine^ 
and  finally  into  glucose.  This  al- 
ways takes  place  in  digestion,  before 
starch  can  be  absorbed.  In  the  digestive  apparatus,  the  change  into  sugar  is 
almost  instantaneous,  and  the  intennediate  substance,  dextrine,  is  not  easily 
recognized.  By  boiling  starch  for  a  number  of  hours  with  dilute  sulphuric 
acid,  it  is  transformed,  without  any  cliange  in  chemical  composition,  into 
dextrine,  which  is  soluble.  If  the  action  be  continued,  it  appropriates  on* 
atom  of  water  and  is  converted  into  glucose.  The  change  of  starch  into 
dextrine  may  be  effected  by  a  dry  heat  of  about  400°  Fahr,  (204°  C),  a  pro- 
cess which  is  commonly  empIo3^e<J  in  commerce. 

Vegetable  Sfibstnnce.s  reMfnblinff  Starch, — In  certain  vegetables,  substances 
isomeric  with  starch,  but  presenting  slight  differences  as  regards  general 
properties  and  reactions,  have  been  described,  but  they  possess  no  great  im- 
portance as  alimentary  matters  and  demand  only  a  passing  mention.  These 
are  inuline,  licheniue,  cellulose,  pectose,  mannite,  mucilages  and  gums.  Inu- 
line  is  found  in  certain  roots.  It  is  convertible  into  sugar  but  does  not  pass 
through  the  intermediate  stage  of  dextrine-  It  differs  from  starch  in  being 
very  soluble  in  hut  water.  Lichenine  is  found  in  many  kinds  of  edible  moasea 
and  licliens.  It  differs  from  starch  only  in  its  solubility.  Mannite 
sweetish  substance  found  in  munna,  mushrooms,  celery,  onions  and 
It  is  perhaps  more  analogous  to  sugar  than  to  starch,  but  it  is  not  fermentable 
and  has  no  influence  on  polarized  light. 

Gums  and  mucilages  may  enter  to  a  certain  extent  into  the  composition 
of  food,  but  they  can  hardly  be  considered  a^  alimentary  matters.  Gums  are 
found  exuding  from  cert^iin  trees,  first  in  a  fluid  state,  but  becoming  hard  on 
exposure  to  the  air.  A  viscid,  string)'  mucilage  is  found  surrounding  many 
grains,  such  as  the  flax-seed  and  quince-seeds,  and  exists  in  various  root* 
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and  leavee.  Both  gums  and  mucilages  mix  readily  with  water,  giving  it  a 
consistence  called  mucilaginous.  The  composition  of  gum  is  CgoHioOio. 
Experiments  have  shown  that  gum  passes  unchanged  through  the  alimentary 
canal  and  has  no  nutritive  properties.  Gum  is  mentioned  in  this  con- 
nection from  the  fact  that  it  is  frequently  used  in  the  treatment  of  disease 
and  is  thought  by  many  to  be  nutritious. 

The  carbohydrates,  although  important  articles  of  food  and  especially  use- 
ful in  the  processes  involved  in  the  production  of  animal  heat,  are  not  in 
themselves  capable  of  sustaining  life. 

Fats. — Fatty  matters,  derived  from  both  the  animal  and  the  vegetable 
kingdoms,  are  important  articles  of  food.  As  a  constituent  of  the  organism, 
fat  is  found  in  all  parts  of  the  body, 
with  the  exception  of  the  bones,  teeth 
and  fibrous  tissues.  It  necessarily  con- 
stitutes an  important  part  of  all  animal 
food  and  is  taken  in  the  form  of  adipose 
tissue,  infiltrated  in  the  various  tissues 
in  the  form  of  globules  and  granules  of 
oil,  and  in  suspension  in  the  caseine  and 
water  in  milk.  Animal  fat  is  a  mixture 
of  oleine,  palmitine  and  stearine,  in  va- 
rious proportions,  and  possesses  a  con- 
sistence which  depends  upon  the  relative 
quantities  of  these  substances. 

The  different  varieties  of  animal  fats 
do  not  demand  special  consideration  as 
articles  of  diet.  Butter,  an  important 
article  of  food,  is  somewhat  different  from  the  fat  extracted  from  adipose 
tissue,  but  most  varieties  of  fat  lose  their  indi\idual  peculiarities  in  the  pro- 
cess of  digestion  and  are  apparently 
identical  when  they  find  their  way  into 
the  lacteal  vessels. 

In  the  vegetable  kingdom,  fat  is 
particularly  abundant  in  seeds  and 
grains,  but  it  exists  in  quantity  in  some 
fruits,  as  in  the  olive.  Here  it  is  gen- 
erally called  oil.  It'  exists  in  consider- 
able proportion  in  nuts  and  in  certain 
quantity  in  the  cereals,  particularly  In- 
dian corn. 

Fat,  both  animal  and  vegetable, 
may  be  either  liquid  or  solid.  It  has  a 
peculiar  oily  feel,  a  neutral  reaction, 
and  is  insoluble  in  water  and  soluble  in 
alcohol — particularly  hot  alcoliol — chlo- 
roform, ether,  benzine  and  solutions  of  soaps.  The  solid  varieties  are  exceed- 
13 


Flo.  S0.—Cn/9ta!M  of  palmitine  and  palmitic 
acid  (Funke).  a,  a,  a,  palmitine ;  6,  pal- 
mitic acid. 


Fio.  M.—CryMt<»lM  of  atearine  and  stenrir  acid 
(Funke).    a,  a,  a,  stearine  ;  6,  stearic  acid. 
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itigly  soluble  in  the  oiU.  Treated  with  alkalies  at  a  high  temperature  and  in 
the  presence  of  water,  the  fata  are  decomposed  into  fatty  acids  and  glycerine, 
the  acids  uniting  with  the  bages  to  form  soaps.  AlkaUne^,  mucilaginous,  and 
some  animal  fluids — particularly  the  pancreatic  juice — are  capable  of  holding 
fat  in  a  state  of  minute  and  permanent  subdivision  and  suspension,  forming 
what  are  known  as  emulsions. 

The  three  varieties  of  fats  usually  recogidzed  are  etearine  and  palmitine^ 
which  are  solid  at  the  temperature  of  the  Ijody,  and  oleine,  wliicb  is  liquiiL 
The  formulae  for  these  varieties  are  the  following ; 

8tearine  (Tristearine),  Cj^IIiiflO^s 

Palmitine  (Tripalmitine),  Cj,tHM*)« 

Oleine  (Trioleiiie),  Cs^HK^Og 

It  is  notice4ible  that  in  the  composition  of  fats,  the  hydrogen  and  oxygen 
do  not  exist  in  the  proportknis  to  form  water,  as  they  do  in  the  curbohy- 
drutes,  and  that  they  arc  relatively  [wor  in  oxygen.  One  variety  of  fat  can 
not  be  converted  into  another  by  chemical  manipulation. 

As  alimentary  substances,  fat^  are  uudoubtedly  of  great  importance. 
They  are  supposed  by  many  to  be  particularly  concerned  in  the  production 
of  animal  heat.  It  has  been  proved  by  repeated  experiments  that  fat,  as  a 
single  article  of  diet,  is  insuiricient  for  the  pnrpcises  of  nutrition. 

Inorganic  AJimentari/  SubHtances^—lt  has  been  shown  that  all  the  or- 
gans, tissues  and  fluids  of  the  body  contain  inorganic  raatt4?r  in  greater  or 
less  abundance.  The  same  is  true  of  vegetable  products.  All  the  organie 
nitrogenized  mattei-s  contain  mineral  substances  which  can  not  bo  se[)arateil 
without  incineration*  When  new  organic  matter  is  appropriated  by  the  h^ 
sues  to  supply  the  place  of  that  which  has  become  elFete,  the  mineral  sub- 
stances are  deposited  with  them ;  and  the  organic  matters,  as  they  arc  trans- 
formed into  excrcmentitious  substances  and  discharged  from  the  body,  are 
always  tlirown  off  in  connection  with  the  ndneral  substances  which  enter  into 
their  composition.  This  constant  discharge  of  inorganic  matters,  forming, 
as  they  do,  an  essential  part  of  the  organism,  necessittites  their  introduetioii 
with  the  fiTod,  in  order  to  maintain  the  nurnial  constitution  of  the  parts. 
As  these  matters  ai"c  necessary  to  the  jiroper  constitution  of  the  body,  the? 
must  be  regarded  as  alimentary  substances. 

Water. — This  is  one  of  the  most  important  of  the  constituents  of  the 
organism,  is  found  in  ever}*  tissue  and  pjirt  without  exceptie3n,  is  introduced 
with  all  kinds  of  food  and  is  the  basis  of  almost  all  drinks.  As  a  rule  it  id 
taken  in  greater  or  less  quantity  in  a  nearly  pui'e  state*  Although,  aa  a 
drink,  water  should  be  colorless,  odorless  and  tasteless^  it  always  contains  more 
or  less  saline  and  other  matters  in  solution,  with  a  certain  quantity  of  air. 
The  air  and  gases  may  be  driven  off  by  boiling  or  by  removing  the  atmos- 
pheric pressure.  The  demand  on  the  part  of  the  system  for  water  is  regu- 
lated, to  a  certain  extent,  by  the  quimtity  discharged  from  the  organism,  and 
this  is  subject  to  great  variations.  The  quantity  taken  as  drink  also  depends 
Tery  much  on  the  constitution  of  the  food  as  regards  the  water  which  enters 
into  its  composition. 
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Sodium  Chloride. — Of  all  saline  substances,  sodium  chloride  is  the  one 
most  widely  distributed  in  the  animal  and  the  vegetable  kingdoms.  It  exists 
in  all  varieties  of  food ;  but  the  quantity  which  is  taken  in  combination  with 
other  matters  is  usually  insufficient  for  the  pui-poses  of  the  economy,  and 
common  salt  is  generally  added  to  certain  articles  of  food,  as  a  condiment, 
when  it  improves  their  flavor,  promotes  the  secretion  of  certain  of  the  digest- 
ive fluids  and  meets  a  nutritive  demand  on  the  part  of  the  system.  Experi- 
ments and  observations  have  shown  that  a  deficiency  of  sodium  chloride  in  the 
food  has  an  unfavorable  influence  on  the  general  processes  of  nutrition. 

Calcium  Phosphate. — This  is  almost  as  common  a  constituent  of  vegetable 
and  animal  food  as  sodium  chloride.  It  is  seldom  taken  except  in  combina- 
tion, particularly  with  nitrogenized  alimentary  matters.  Its  importance  in 
alimentation  has  been  experimentally  demonstrated,  it  having  been  shown 
that  in  animals  deprived  a&  completely  as  possible  of  this  salt,  the  nutrition 
of  the  body,  particularly  in  parts  which  contain  it  in  considerable  quantity, 
as  the  bones,  is  seriously  affected. 

Iron. — Hasmaglobine,  the  coloring  matter  of  the  blood,  contains,  inti- 
mately united  with  organic  matter,  a  certain  proportion  of  iron.  Examples 
of  simple  anaemia,  which  are  frequently  met  with  in  practice  and  are  almost 
always  relieved  in  a  short  time  by  the  administration  of  iron,  are  proof  of 
the  importance  of  this  substance  in  alimentation.  The  quantity  of  iron 
which  is  discharged  from  the  body  is  very  slight,  only  a  trace  being  discov- 
erable in  the  urine.  A  small  quantity  of  iron  is  frequently  introduced  in 
solution  in  the  water  taken  as  drink,  and  it  is  a  constant  constituent  of  milk 
and  eggs.  When  its  supply  in  the  food  is  insufficient,  it  is  necessary,  in 
order  to  restore  the  normal  processes  of  nutrition,  to  administer  it  in  some 
form,  until  its  proportion  in  the  organism  sliall  have  reached  the  proper 
standard. 

It  is  hardly  necessary  even  to  enumerate  the  other  inorganic  alimentary 
substances,  as  nearly  all  are  in  a  state  of  such  intimate  combination  with 
nitrogenized  matters  that  they  may  be  regarded  as  part  of  their  substance. 
Suffice  it  to  say,  that  all  the  inorganic  matters  wliich  exist  as  constituents  of 
the  organism  are  found  in  the  food.  That  these  are  essential  to  nutrition, 
can  not  be  doubted ;  but  it  is  evident  that  by  themselves  they  are  incapable 
of  supporting  life,  as  they  can  not  be  converted  into  either  nitrogenized  or 
non-nitrogenized  organic  matters. 

Alcohol. — All  distilled  and  fermented  liquors  and  wines  contain  a  greater 
or  less  proportion  of  alcohol.  As  these  are  so  generally  used  as  beverages, 
and  as  the  effects  of  their  excessive  use  are  so  serious,  the  influence  of  alco- 
hol upon  the  organism  has  become  one  of  tlie  most  important  questions  con- 
nected with  alimentation.  Some  alcoholic  beverages  influence  the  functions 
solely  through  the  alcohol  which  they  contain ;  while  others,  as  beer  and  por- 
ter, with  a  comparatively  small  proportion  of  alcohol,  contain  a  considerable 
quantity  of  solid  matter. 

Alcohol  (C,H,0),  from  its  composition,  is  to  be  classed  witli  tlie  non-nitro- 
genized substances.     It  has  already  been  stated  that  sugar  and  fat  are  essen- 
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tml  to  proper  nutrition  and  that  they  undergo  important  changes  in  the  or- 
ganism. Alcohol  is  absorbed  and  taken  into  the  blood;  and  it  becomes  a 
(juestion  of  importance  to  determine  whetlier  it  be  consumed  in  the  economy 
or  whether  it  be  discharged  unchanged  by  the  various  emunctories. 

Alcohol  has  long  since  been  refognized  in  the  expired  air  after  it  htis 
taken  into  the  stomach  ;  and  late  researches  have  confirmed  the  earlier  oh 
servations  with  regard  to  its  elimination  in  its  original  form,  and  have  shown 
that  after  it  has  been  taken  in  qunntity,  it  exists  in  the  blood  and  all  the  tis- 
sues and  orgjins,  particularly  the  liver  and  nervous  system.  Lalleraand^  Per- 
rin  and  Duroy  have  stated,  also,  that  there  is  a  considerable  elimination  of  al- 
cohol by  the  lungs,  skin  and  kidneys ;  but  the  accuracy  of  the  experiments 
by  which  these  results  were  arrived  at  has  been  questioned.  The  observa- 
tions of  Anstie  and  of  Dupre  have,  indeed,  thrown  great  doubt  u|K>n  the 
chromic-acid  test  for  alcohol,  which  was  employed  by  the  French  observers 
above  mentioned.  Kevertheless,  when  alcohol  has  been  taken  in  narcotic 
doses,  there  is  some  alcoholic  elimination  in  the  urine,  as  was  shown  long  ago 
by  Percy. 

As  the  result  of  the  final  experiments  of  Anstie,  it  is  certain  that  most 
of  the  alcohol  which  is  taken  in  f|Uiintities  not  sufticient  to  protluce  alcohohc 
intoxication  is  consumed  in  the  orgauism,  and  but  a  trivial  quantity  is 
thrown  off,  either  in  the  urine,  the  faeces,  the  breath  or  the  cutaneous  tran- 
spiration. This  question  is  of  importance  with  regard  to  the  moderate  usi* 
of  alcohol  under  normal  conditions,  and  especially  in  its  bearing  upon  iho 
therapeutical   action  of  the  various  alcoholic  drinks  administered  in  cases  of 


Taken  in  moderate  quantity,  alcohol  generally  produces  a  certain  degree  of 
nervous  exaltation  which  gmdually  passes  off.  In  some  mdividuals  the  men- 
tal faculties  are  sharpened  by  ab*ohol,  while  in  otiiers  they  are  blunted. 
There  is  nothing,  indeed,  more  variable  than  tlie  immediate  effects  of  alcohol 
on  different  persons.  In  large  doses  the  effects  are  the  well  known  phenom- 
ena of  intoxication,  delirum,  more  or  less  anaesthesia,  coma,  and  sometimes, 
if  the  quantity  be  excessive,  death.  As  a  rale,  the  mental  exaltation  pro- 
duced by  alcohol  is  fallowed  by  reaction  and  depression,  except  in  debilitat 
or  exhausted  couditions  of  the  system,  when  the  alcohol  seems  to  supply  a  i 
cided  want. 

The  views  of  physiologists  concerning  the  influence  of  a  moderate  quanti- 
ty of  alcoliol  on  the  nervous  system  are  somewhat  coufiietiug.     That  it  may 
temporarily  give  tone  and  vigor  to  the  system  when  the  energies  are  unusu 
taxed,  can  not  be  doubted ;  but  this  efltect  is  not  produced  in  all  indinduals:^ 
The  constant  use  of  alcoliol  may  create  an  apparent  necessity  for  it,  produc- 
ing a  condition  of  the  sjrstem  which  must  be  regarded  as  pathological. 

The  immediate  effects  of  the  ingestion  of  a  moderate  quantity  of  alcohol^' 
continued  for  a  few  days,  arc  decided.     It  notably  diminishes  the  exhalation 
of  carbon  dioxiilc  and  the  discharge  of  other  excrement! tious  matters,  par- 
ticularly urea.     These  facts  have  long  since  been  experimentally  demonstrat- 
ed.    Proper  mental  and  physical  exercise,  tmnquillity  of  the  nervous  system, 
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and  all  conditions  which  favor  the  vigorous  nutrition  and  development  of 
the  organism  physiologically  increase,  rather  than  diminish,  the  quantity  of 
the  excretions,  correspondingly  increase  the  demand  for  food,  and  if  contin- 
ued, are  of  permanent  benefit.  Alcohol,  on  the  other  hand,  diminishes  the 
activity  of  nutrition.  If  its  use  be  long  continued,  the  assimilative  powers 
of  the  system  become  so  weakened  that  the  proper  quantity  of  food  can  not 
be  appropriated,  and  alcohol  is  craved  to  supply  a  self-engendered  want. 
The  organism  may,  in  many  instances,  be  restored  to  its  physiological  condi- 
tion by  discontinuing  the  use  of  alcohol ;  but  it  is  generally  some  time  before 
the  nutritive  powers  become  active,  and  alcohol,  meanwhile,  seems  absolutely 
necessary  to  existence. 

Under  ordinary  conditions,  when  the  organism  can  be  adequately  supplied 
with  food,  alcohol  is  undoubtedly  injurious.  When  the  quantity  of  food  is 
insufificient,  alcohol  may  supply  the  want  for  a  time  and  temporarily  restore 
the  powers  of  the  body ;  but  the  effects  of  its  continued  use,  conjoined  with 
insufficient  nourishment,  show  that  it  can  not  take  the  place  of  other  assimi- 
lable matters.  These  effects  are  too  well  known  to  the  physician,  particularly 
in  hospital-practice,  to  need  farther  comment.  Notwithstanding  these  un- 
doubted physiological  facts,  alcohol,  in  some  form,  is  used  by  almost  every 
people  on  the  face  of  the  earth,  civilized  or  savage.  Whether  this  be  in  order 
to  meet  some  want  occasionally  felt  by  and  peculiar  to  the  human  organism, 
is  a  question  upon  which  physiologists  have  found  it  impossible  to  agree. 
That  alcohol,  at  certain  times,  taken  in  moderation,  soothes  and  tranquillizes 
the  nervous  system  and  relieves  exhaustion  dependent  upon  unusually  severe 
mental  or  physical  exertion,  can  not  be  doubted.  It  is  by  far  too  material  a 
view  to  take  of  existence,  to  suppose  that  the  highest  condition  of  man  is 
that  in  which  the  fdnctions,  possessed  in  common  with  the  lower  animals,  are 
most  perfectly  performed.  Inasmuch  as  temporary  insufficiency  of  food,  great 
exhaustion  of  the  nervous  system,  and  various  conditions  in  which  alcohol 
seems  to  be  useful,  must  of  necessity  often  occur,  it  is  hardly  proper  that  this 
agent  should  be  absolutely  condemned ;  but  it  is  the  article,  par  excellence^ 
which  is  liable  to  abuse,  and  tlie  effects  of  which  on  the  mind  and  body,  when 
taken  constimtly  in  excess,  are  most  serious. 

Although  alcohol  imparts  a  certain  warmth  when  the  system  is  suffering 
from  excessive  cold,  it  is  not  proved  that  it  enables  men  to  endure  a  very  low 
temperature  for  a  great  length  of  time.  This  end  can  be  effectually  attained 
only  by  an  increased  quantity  of  food.  The  testimony  of  Dr.  Hayes,  the  Arc- 
tic explorer,  is  very  strong  upon  this  point.  He  says :  "  While  fresh  animal 
food,  and  especially  fat,  is  absolutely  essential  to  tlie  inhabitants  and  travellers 
in  Arctic  countries,  alcohol  is,  in  almost  any  shape,  not  only  completely  use- 
less but  positively  injurious  ....  Circumstances  may  occur  under  wliich  its 
administration  seems  necessary ;  such,  for  instance,  as  great  prostration  from 
long-continued  exposure  and  exertion,  or  from  getting  wet;  but  then  it 
should  be  avoided,  if  possible,  for  the  succeeding  reaction  is  always  to  be 
dreaded ;  and,  if  a  place  of  safety  is  not  near  at  hand,  the  immediate  danger 
is  only  temporarily  guarded  against,  and  becomes,  finally,  greatly  augmented 
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by  reason  .of  decreased  vitality.  If  given  at  all,  it  should  be  in  very  small 
quantities  frequently  repeated,  and  continued  until  a  place  of  safety  is  reached. 
I  have  known  the  most  unplea^sint  consequences  to  result  from  the  injudi- 
cious use  of  whiskey  for  the  purpose  of  tenjporary  stimulation,  and  have  also 
known  strong  able-bodied  men  to  have  become  utterly  incapable  of  resisting 
cold  in  consequence  of  the  long-continued  use  of  alcoholic  drinks."  In  a  recent 
paper  by  Oeneral  Greely  (1887),  is  the  following,  which  confirms  the  results 
of  the  exj>erience  of  Hayes:  ''It  seems  to  me  to  follow  from  these  Arctic  ex- 
periences that  the  regular  use  of  spirit;^,  even  in  moderation,  under  conditions 
of  great  physical  hardship,  continued  and  exhausting  labor,  or  exposure  to 
severe  cold  can  not  be  Um  strongly  depreeatcd,  and  that  when  used  as  a  men- 
tal stimulus  or  as  a  physical  luxury  they  should  be  taken  in  moderation. 
When  habit  or  inclination  induces  the  use  of  alcohol  in  the  field,  under  con- 
ditions noted  above,  it  should  bo  taken  only  after  the  day's  work  h  done,  m 
a  momentary  stimulns  while  waiting  for  the  preferable  hot  tea  and  fi/od;  or 
better,  after  the  food,  when  going  to  bed,  for  then  it  may  quickly  induce 
sleep  and  its  reaction  pass  uufelt/' 

It  is  not  demonstratetl  tluit  alcuhol  increases  the  capacity  to  endure  severe 
and  protracted  bodily  exertion.  Its  influence  iis  a  therapeutic  agent,  in  pro- 
moting assimilation  in  certain  conditions  of  defective  nutrition,  in  relieving 
shock  and  nervous  exhaustion,  in  sustaining  the  powers  of  life  in  acute  dist- 
eases  characterized  by  mpid  emaciation  and  abuoi*mally  active  disassiuiihitinn, 
etc,,  can  hardly  be  doubted ;  but  the  consideration  of  these  questions  docs* 
not  belong  to  physiology. 

Coffee, — C'olfee  is  an  article  consumed  daily  by  many  millions  of  human 
beings  in  all  quarters  of  the  globe.  In  arniies  it  has  been  found  almost  in- 
di8peUBid:>le,  enabling  men  on  moderate  rations  to  perform  an  amount  of  labor 
which  would  «»tlicrwise  be  impossible.  After  exhausting  efforts  of  any  kind, 
there  is  no  article  which  relieves  the  overpowering  sense  of  fatigue  so  com- 
pletely m  coffee.  Anny-surgeons  say  thai  at  night,  after  a  severe  march,  the 
first  desire  of  the  s^jldier  is  for  coffee,  hot  or  cold,  with  or  without  sugar,  the 
only  essentia!  being  a  sufhcient  quantity  of  ijie  pure  article.  Almost  every 
one  can  bear  testimony  from  personal  experience  to  the  effects  of  coffee  in 
relieving  the  sense  of  fatigue  after  mental  or  bodily  exertion  and  in  increasing 
the  capneity  for  labor,  especially  mental  woi*k,  by  producing  wakefulness?  and 
elearneivS  of  intellect.  From  these  facts,  the  importance  of  coffee,  either  as 
an  alimentary  substance  or  as  taking  t!ie  place,  t€  a  certain  extent,  of  ali- 
ment, is  apparent. 

Except  in  persons  who,  from  idiosyncrasy,  are  unpleasantly  affected  by  it, 
coffee,  taken  in  motlerate  quantity  and  at  proper  times,  produces  an  agreeable 
sense  of  tranquiility  and  comfort,  with,  however,  no  disinclination  to  exertion, 
either  mental  or  physical.  Its  immediate  influence  upon  the  system,  which 
is  undoubtedly  stimulant,  is  peculiar  ami  is  not  follow^ed  by  reaction  or 
unpleasant  after-effects*  Habitual  use  renders  coflFee  almost  a  neoe^ty,  even 
in  those  who  are  otherwise  well  nourislted  and  subjected  to  no  extraordinary 
mental  or  botlily  strain.     Taken  in  excessive  quantity,  or  in  those  unaceus- 
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tomed  to  its  use,  particularly  when  taken  at  night,  it  produces  persistent  wake- 
fulness. These  effects  are  so  well  known  that  it  is  often  taken  for  the  pur- 
pose, of  preventing  sleep. 

Experimental  researches  have  shown  that  the  use  of  coffee  permits  a 
reduction  in  the  quantity  of  food,  in  workingmen  especially,  much  below  the 
standard  which  would  otherwise  be  necessary  to  maintain  the  organism  in 
proper  condition.  In  the  observations  of  De  Gasparin  upon  the  regimen  of 
the  Belgian  miners,  it  was  found  that  the  addition  of  a  quantity  of  coffee  to 
the  daily  ration  enabled  them  to  perform  their  arduous  labors  on  a  diet  which 
was  even  below  that  found  necessary  in  prisons  where  this  article  was  not 
used.  Experiments  have  shown,  also,  that  coffee  diminishes  the  absolute  quan- 
tity of  urea  discharged  by  the  kidneys.  In  this  respect,  as  far  as  has  been 
ascertained,  the  action  of  coffee  is  like  that  of  alcohol,  and  it  may  reasonably 
be  supposed  to  retard  disassimilation,  with  the  important  difference  that  it  is 
followed  by  no  unfavorable  after-effects  and  can  be  used  in  moderation  for 
an  indefinite  time  with  advantage. 

A  study  of  the  composition  of  coffee  shows  a  considerable  proportion  of 
what  must  be  considered  as  alimentary  matter.  The  following  is  the  result 
of  analyses  by  Payen : 

Cellulose *. .    34000 

Water  (hygroscopic) 12-000 

Fatty  substances 10  to  13-000 

Glucose,  dextrine,  indeterminate  vegetable  acid 15*500 

Legumine,  caseine  etc 10-000 

Potassium  chlorolignate  and  caffeine 3*5  to  5-000 

Nitrogenized  organic  matter 3*000 

Free  caffeine 0*800 

Concrete,  insoluble  essential  oil 0*001 

Aromatic  essence,  of  agreeable  odor,  soluble  in  water 0-002 

Mineral  substances ;  potash,  magnesia,  lime,  phosphoric,  silicic,  and  sul- 
phuric acid  and  chlorine 6-697 

100-000 

The  above  is  the  composition  of  raw  coffee,  but  the  berry  is  seldom  used 
in  that  form,  being  usually  subjected  to  roasting  before  an  infusion  is  made. 
During  this  process,  the  grains  are  considerably  swollen,  but  they  lose  sixteen 
or  seventeen  per  cent,  in  weight.  A  peculiar,  aromatic  substance  is  also 
developed  by  roasting.  If  the  torrefaction  be  pushed  too  far,  much  of  the 
agreeable  flavor  of  coffee  is  lost,  and  an  acrid,  emp3Teumatic  substance  is 
produced. 

Tea, — An  infusion  of  the  dried  and  prepared  leaves  of  the  tea-plant  is 
perhaps  as  common  a  beverage  as  coffee,  and  taking  into  consideration  its 
large  consumption  in  China  and  Japan,  it  is  actually  used  by  a  greater 
number  of  persons.  Its  effects  upon  the  system  are  similar  to  those  of  coffee, 
but  they  are  generally  not  so  marked.  Ordinary  tea,  taken  in  moderate 
quantity,  like  coffee,  relieves  fatigue  and  increases  mental  activity,  but  does 
not  usually  produce  such  persistent  wakefulness. 
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It  is  unnecessary  to  describe  all  the  varieties  of  tea  in  common  nsa 
There  are,  however,  certain  varieties,  called  green  teas,  which  present  impor- 
tant differences,  as  regards  composition  and  physiological  effects,  from  the 
black  teas,  which  latter  are  more  commonly  used.  The  following  is  a  com- 
parative analysis  of  these  two  varieties  by  Mulder : 


CONSTITUENTS. 

CUINVSK  TSA. 

JATAXKSB  TBA. 

Green. 

Black. 

Green. 

Black. 

Volatile  oil 

0-79 
2-22 
0-28 
2-22 
8-56 

17-80 
0-43 

22-80 

23-60 

300 

17-08 

0-60 
1-84 

3-64 

7-28 
12-88 

0-46 
19-88 

1-48 
19-12 

2-80 
28-32 

0^ 

3-24 

0-32 

1-64 

12-20 

17-56 

0-60 

21-68 

20-36 

3-64 

18-20 

0-65 

Chloroohvl 

1-28 

Wax .....:.:......:....... :. 

Kesin 

2-44 

Gum 

11-06 

Tannin 

14-80 

Theine 

Extractive 

Apotheme 

0-65 

18-64 

1-64 

Extract  obtained  by  hydrochloric  acid 

Albumen 

Fibrous  matter 

18-24 

1-28 

27-00 

Salts  included  in  the  above 

98-78 
5-5« 

98-30 
5-24 

100-42 
4-76 

97-70 
5-36 

Both  tea  and  coffee  contain  peculiar  organic  substances.  The  active  prin- 
ciple of  tea  is  called  theine,  and  the  active  principle  of  coffee,  caffeine.  As 
they  are  supposed  to  be  particularly  efficient  in  producing  the  peculiar  effects 
upon  the  nervous  system  wliich  are  characteristic  of  both  tea  and  coffee,  there 
is  good  reason  to  suppose  that  they  are  nearly  identical  in  their  physiological 
effects.  Analyses  more  recent  than  the  one  quoted  from  Mulder  (Stenhouse, 
Peligot)  have  shown  that  theine,  or  caffeine  (C8H10N4O2  +  HgO),  exists  in 
greater  proportion  in  tea  than  in  coffee ;  but  as  a  rule,  a  greater  quantity  of 
soluble  matter  is  extracted  in  tlie  preparation  of  coffee,  which  may  account 
for  its  more  marked  effects  u{)on  the  system.  Some  analyses  have  given  as 
much  as  six  per  cent,  as  the  proportion  of  theine  in  tea  (Landois). 

Chocolate, — Chocolate  is  made  from  the  seeds  of  the  cocoa-tree,  roasted, 
deprived  of  their  husks,  and  ground  witli  warm  rollers  into  a  pasty  mass  with 
sugar,  flavoring  substances  being  sometimes  added.  It  is  then  made  into 
cakes,  cut  into  small  pieces  or  scraped  to  a  powder,  and  boiled  with  milk  or 
milk  and  water,  when  it  forms  a  tJiick,  gruel-like  drink,  which  is  highly 
nutritive  and  has  some  of  the  exhilarating  projKjrtios  of  coffee  or  tea.  Beside 
containing  a  large  proportion  of  nitrogciiiztHl  matter  resembling  albumen, 
the  cocoa-seed  is  particularly  rich  in  fatty  matter,  and  contains  a  peculiar 
substiince,  theobromine  (C-Il8X40g),  analogous  to  caffeine  and  tlieine,  which 
is  supposed  to  possess  similar  physiological  i)roj)ei*ties. 

The  following  is  an  analysis  by  Payen  of  the  cocoii-seeds  freed  from  the 
husks  but  not  roasted.  Torrefaction  lias  the  effect  of  developing  the  pecul- 
iar aromatic  principle,  and  of  moderating  the  bitterness,  which  is  always  more 
or  less  marked  : 
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Fatty  matter  (cocoa-butter) 48to50 

Albumen,  fibrin  and  other  nitrogenizcd  matter 21  "  20 

Theobromine 4  "    2 

Starch  (with  traces  of  saccharine  matter) 11  "  10 

Cellulose 3  "    2 

Coloring  matter,  aromatic  essence Traces. 

Mineral  substances Sto   4 

Hygroscopic  water 10  "  12 

100     100 

It  is  evident,  from  the  above  table,  that  cocoa  with  milk  and  sugar,  the 
ordinary  form  in  which  chocolate  is  taken,  must  form  a  very  nutritious  mixt- 
ure. Its  influence  as  a  stimulant,  supplying  the  place  of  matter  which  is 
directly  assimilated,  and  retarding  disassimilation,  is  dependent,  if  it  exist  at 
all,  upon  the  theobromine ;  but  its  stimulating  properties  are  slight  as  com- 
pared with  those  of  coffee  and  tea. 

Condiments  and  Flavoring  Articles. — The  refinements  of  cookery  involve 
the  use  of  many  articles  which  can  not  be  classed  as  alimentary  substances. 
Pepper,  capsicum,  vinegar,  mustard,  spices  and  other  articles  of  this  class, 
which  are  so  commonly  used  in  various  sauces,  have  no  decided  influence 
on  nutrition,  except  in  so  far  as  they  promote  the  secretion  of  the  digestive 
fluids.  Common  salt,  however,  is  very  important,  and  this  has  been  consid- 
ered in  connection  with  inorganic  alimentary  substances.  The  various  flavor- 
ing seeds  and  leaves,  truffles,  mushrooms  etc.  have  no  physiological  impor- 
tance except  as  they  render  articles  of  food  more  palatable. 

Quantity  and  Variety  of  Food  necessary  to  Nutrition. — The  inferior 
animals,  especially  those  not  subjected  to  the  influence  of  man,  regulate  by 
instinct  the  quantity  and  kind  of  food  which  they  consume.  The  same  is 
true  of  man  during  the  earliest  periods  of  his  existence ;  but  later  in  life, 
the  diet  is  variously  modified  by  taste,  habit,  climate,  and  what  may  be 
termed  artificial  wants.  It  is  usually  a  safe  rule  to  follow  tlie  appetite  with 
regard  to  quantity,  and  the  tastes,  when  tliey  are  not  manifestly  vitiated  or 
morbid,  with  regard  to  variety.  The  cravings  of  nature  indicate  when  to 
change  the  form  in  which  nutriment  is  taken ;  and  that  a  sufficient  quantity 
has  been  taken  is  manifested  by  a  sense,  not  exactly  of  satiety,  but  of  evi- 
dent satisfaction  of  the  demands  of  the  system.  During  the  first  periods 
of  life,  the  supply  must  be  a  little  in  excess  of  the  actual  loss,  in  order 
to  furnish  materials  for  growth ;  during  the  later  periods,  the  quantity  of 
nitrogenized  matter  assimilated  is  somewhat  less  than  the  loss ;  but  in  adult 
age,  the  system  is  maintained  at  a  tolerably  definite  standard  by  the  assimi- 
lation of  matter  about  equal  in  quantity  to  that  which  is  discharged  in  tlie 
form  of  excretions. 

Although  the  loss  of  substance  by  disassimilation  creates  and  regulates 
the  demand  for  food,  it  is  an  important  fact,  never  to  be  lost  sight  of,  that 
the  supply  of  food  has  a  very  great  influence  upon  the  quantity  of  the  excre- 
tions. An  illustration  of  this  is  the  influence  of  food  upon  tlie  exlialation 
of  carbon  dioxide ;  and  this  is  but  an  example  of  what  takes  place  with  re- 


188  ALIMENTATION. 

gard  to  other  excretioius.  The  quantity  of  the  excretions  is  eren  mofe  strik- 
ingly modified  by  exercise,  which,  within  physiological  limits,  incroMcs  the 
vigor  of  the  system,  provided  the  increased  quantity  of  food  reqnirod  be 


While  a  certain  amount  of  waste  of  the  system  is  inevitaUe,  it  is  a  con- 
servative  provision,  that  when  the  supply  of  new  material  is  diminiiihfwl,  Hfe 
is  preserved — not,  indeed,  in  all  its  vigor — ^by  a  ocMrresponding  reduction 
in  the  quantity  of  excretions ;  and  in  the  same  way,  the  forces  are  retained 
after  complete  deprivation  of  food  much  longer  than  if  disassimilation  pro- 
ceeded always  with  the  same  activity. 

As  regards  the  quantity  of  food  necessary  to  maintain  the  systen  id 
proper  condition,  it  is  evident  that  this  must  be  greatly  modified  by  halMti 
climate,  the  condition  of  the  muscular  system,  age,  sex  eta,  as  well  as  bj 
idiosyncrasies. 

The  daily  loss  of  substance  which  must  be  supplied  by  matters  introduced 
from  without  is  very  great  A  large  portion  of  this  discharge  takes  place  by 
the  lungs,  and  a  consideration  of  the  mode  of  introduction  of  gases  to  supply 
part  of  this  waste  belongs  to  the  subject  of  respiration.  The  most  abundant 
discharge  which  is  compensated  by  absorption  from  the  alimentary  canal  is 
that  of  water,  both  in  a  liquid  and  vaporous  condition.  The  entire  qnantitgr 
of  water  daily  removed  from  the  system  has  been  estimated  at  about  four  and 
a  half  pounds  (2,041  grammes),  and  it  is  probable  tiiat  about  the  same  qnan- 
tity  is  introduced  in  the  form  of  drink  and  as  a  constituent  of  the  so-called 
solid  articles  of  food.  The  quantity  which  is  taken  in  the  tana  of  drink 
varies  with  the  character  of  the  food.  When  the  solid  articles  contain  a 
large  proportion  of  water,  the  quantity  of  drink  may  be  diminished ;  and  it  is 
possible,  by  taking  a  large  quantity  of  the  watery  vegetables,  to  exist  entirely 
without  drink.  There  is  no  article  more  f  requentiy  taken  than  water,  merely 
as  a  matter  of  habit,  any  excess  being  readily  removed  by  the  kidneys,  skin 
and  lungs.  Dalton  estimates  the  daily  quantity  necessary  for  a  foU-grown, 
healthy  male,  at  fifty-four  fluid  ounces  (1,530  grammes),  or  3*38  pounds. 

The  quantity  of  solid  food  necessary  to  the  proper  nourishment  of  the 
body  is  shown  by  estimating  the  solid  matter  in  the  excretions ;  and  the 
facts  thus  ascertained  correspond  very  closely  with  the  quantity  of  material 
which  the  system  has  been  found  to  actually  demand.  The  estimates  of 
Payen,  the  quantity  of  carbon  and  of  nitrogenized  matter  in  a  dry  state 
being  given,  are  generally  quoted  and  adopted  in  works  on  physiology.  Ac- 
cording to  this  observer,  the  following  are  the  daily  losses  of  the  organism : 

Carbon  (or  its  j  Respiration,  8-825  oz.  (250  grammes) )  _io-»41  oz.  (810  grammes). 

equivalent),  i  Excretions,   2*116  oz.  (  60  grammes) )    ' 
Nitrogenizetl  substances  (containing  308*64  grains, 

or  20  grammes  of  nitrogen) 4-586  oz.  (180  grammes). 

15-527  oz.  (440  grammes). 

From  this  he  estimates  that  the  normal  ration,  supposing  the  food  to 
consist  of  lean  meat  and  bread,  is  as  follows ; 
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Bread 85-800  oz.  (1,000  grammes). 

Meat  (without  bones). 10-088  oz.    (286  grammes)^ 

45-388  oz.  (1,286  grammes). 

Nitrogenized  sobstances.  Qarbon. 

Bread  contains 2-469  oz.    (70-00  grammes)  and  10*582  oz.  (800*00  grammes). 

Meat  contains  ....  2-125  oz.   (60-26  grammes)  and    1*100  oz.    (81*46  grammes). 

4-594  oz.  (180*26  grammes)  and  11*691  oz.  (831*46  grammes). 

This  daily  ration,  which  is  purely  theoretical,  is  shown  by  actual  observa- 
tion to  be  nearly  correct.  Dalton  says  :  "  According  to  our  own  observa- 
tions, a  man  in  full  health,  taking  active  exercise  in  the  open  air,  and  re- 
stricted to  a  diet  of  bread,  fresh  meat,  and  butter,  with  water  and  coffee  for 
drink,  consumes  the  following  quantities  per  day : 

Meat 453  grammes,  or  about  16  oz. 

Bread 640         "             "        19  oz. 

Butterorfat 100         **             "       8-5  oz. 

Water 1,530         "             **        54  oz. 

Bearing  in  mind  the  great  variations  in  the  nutritive  demands  of  the  sys- 
tem in  different  persons,  it  may  be  stated,  in  general  terms,  that  in  an  adult 
male,  ten  to  twelve  ounces  (282  to  340  grammes)  of  carbon  and  four  to  five 
ounces  (113  to  142  granmies)  of  nitrogenized  matter,  estimated  dry,  are  dis- 
charged from  the  organism  and  must  be  replaced  by  the  ingesta ;  and  this 
demands  a  daily  consumption  of  between  two  and  three  pounds  (907  and 
1^61  grammes)  of  solid  food,  the  quantity  of  food  depending,  of  course, 
greatly  on  its  proportion  of  solid,  nutritive  constituents. 

It  is  undoubtedly  true  that  the  daily  ration  has  frequently  been  dimin- 
ished considerably  below  the  physiological  standard,  in  charitable  institutions, 
prisons  etc. ;  but  when  there  is  complete  inactivity  of  body  and  mind,  this 
produces  no  other  effect  than  that  of  slightly  diminishing  the  weight  and 
strength.  The  system  then  becomes  reduced  without  any  actual  disease,  and 
there  is  simply  a  diminished  capacity  for  labor ;  but  in  the  alimentation  of 
large  bodies  of  men  subjected  to  exposure  and  frequently  called  upon  to  per- 
form severe  labor,  the  questidn  of  food  is  of  groat  importance,  and  the  men 
collectively  are  like  a  powerful  machine  in  which  a  certain  quantity  of  ma- 
terial must  be  furnished  in  order  to  produce  the  required  amount  of  force. 
This  important  physiological  fact  is  strikingly  exemplified  in  armies ;  and 
the  history  of  the  world  presents  few  examples  of  warlike  operations  in  which 
the  efficiency  of  the  men  has  not  been  impaired  by  insufficient  food. 

The  influence  of  diet  upon  the  capacity  for  labor  was  well  illustrated  by  a 
comparison  of  the  amount  of  work  accomplished  by  English  and  French 
laborers,  in  1841,  on  a  railway  from  Paris  to  Rouen.  The  French  laborers 
engaged  on  this  work  were  able  at  first  to  perform  only  about  two-thirds  of 
the  labor  accomplished  by  the  English.  It  was  suspected  that  this  Wiis  due 
to  the  more  substantial  diet  of  the  English,  which  proved  to  bo  the  fact ; 
for  when  the  French  laborei*s  were  subjected  to  a  similar  regimen,  they 
were  able  to  accomplish  an  ecpial  amount  of  work.     In  all  observations  of 
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this  kind,  it  has  been  shown  than  an  animal  diet  h  much  more  favorable  to 
the  development  of  the  physical  forces  than  one  consi^iiig  mainly  of  vegp* 
tables. 

Climate  has  an  important  inflnenee  on  the  quantity  of  food  demanded  b? 
the  system.  It  is  generally  acknowledged  tlmt  the  consumption  of  all  kindB 
of  food  is  greater  in  cold  than  in  warm  climates,  and  almost  every  one  b^? 
ex]>erienced  in  his  own  person  a  considerable  difference  in  the  appetite  ut 
dilTerent  seasons  of  the  year.  Travelers'  accounts  of  the  quantity  of  few id 
taken  by  the  inhabitants  of  the  frigid  zone  are  almost  incredible.  They  speak 
of  men  consuming  more  than  a  hundred  pounds  (45'36  kiloe.)  of  meat  in  a 
day ;  and  a  Russian  iidmiral,  Saritcheff,  gave  an  instance  of  a  man  who,  in 
his  presence,  ate  at  a  single  meal  a  mess  of  boiled  rice  and  butter  weighing 
twenty-eight  pounds  (12*7  kilos,).  Although  it  U  difficult  to  regard  these 
statements  with  entire  confidence,  the  general  opinion  that  tlie  appetite  is 
greater  in  coUl  than  in  warm  climates  is  undoubtedly  well  founded. 
Hayes  stated,  from  bis  persona!  observation,  that  the  daily  ration  of  the  Es- 
quimaux is  twelve  to  fifteen  pounds  (5*443  to  G*SU4  kilos.),  of  meat,  about 
one-third  of  wliich  is  fat.  On  one  occasion  he  saw  an  Esquimau  consume 
ten  pounds  (4*536  kilos.)  of  walrus- flesh  and  blubber  at  a  single  meal,  wliieh 
lasted,  however,  several  hours.  The  continued  low  temperature  he  found 
had  a  remarkable  effect  on  the  tastes  of  his  own  party.  With  the  thermom- 
eter rtinging  from— 60*  to— 70^  Fuhr.  (—51°  to— 57°  C),  there  was  a  persist- 
ent craving  for  a  strong  animal  diet,  particularly  fatty  substances.  Some 
members  of  the  party  were  in  the  habit  of  drinking  the  contents  of  the  oil- 
kettle  with  evident  relish. 

y^ecessiii/  of  a  Varied  Diet. — In  considering  the  nutritive  value  of  the 
various  alimentary  substances,  the  Imt  that  no  single  one  of  them  is  capable 
of  supplying  all  the  material  for  tlie  regeneration  of  the  organism  has  fre- 
quently bcfni  mentioned.  Tlie  normal  appetite,  which  is  the  best  guide  as 
regards  tlie  quantity  and  the  selection  of  food,  indicates  that  a  varied  diet  is 
necessjiry  to  proper  nutrition.  Tliis  fact  is  exemplified  in  a  marked  degree 
in  long  voyages  and  in  the  ulimenlation  of  armies,  when,  from  necessity  or 
otherwise,  the  necessury  variety  of  aliment  is  not  presented.  Analytical  chem- 
istry fails  to  show  why  this  change  in  alimentation  is  necessary  or  in  what 
the  deficiency  in  a  single  kind  of  diet  con.sists;  but  it  is  nevertheless  true 
that  after  the  organic  constituent.^  of  tlie  organism  have  appropriated  the 
nuti'itious  elements  of  particular  kinds  of  food  for  a  certain  time,  they  lose 
the  power  of  effecting  the  changes  necessary  to  proper  nutrition.  This  fact 
is  particularly  well  marke<l  when  the  diet  consists  in  great  part  of  salted 
meats,  although  it  sometimes  occurs  when  a  single  kind  of  fresh  meat  is  con- 
gtantly  used.  After  long  confinement  to  a  diet  restricted  as  regards  variety, 
a  supply  of  other  matt^i's,  such  as  fresh  vegetables,  the  organic  acids,  and 
articles  which  are  culled  generally  antiscorbutics,  becomes  indispensable; 
otherwise,  the  modifications  in  nutrition  and  in  the  constitution  of  the  blood 
incident  to  the  scorbutic  condition  are  almast  always  developed. 

It  is  thus  apparent  that  adequate  qu»intity  and  proper  quality  of  food  are 
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not  all  that  is  required  in  alimentation ;  and  those  who  have  the  responsi- 
bility of  regulating  the  diet  of  a  large  number  of  persons  must  bear  in  mind 
the  fact  that  the  organism  demands  considerable  variety.  Fresh  vegetables, 
fruits  etc.,  should  be  taken  at  the  proper  seasons.  It  is  almost  always  found, 
when  there  is  of  necessity  some  sameness  of  diet,  that  there  is  a  craving  for 
particular  articles,  and  these,  if  possible,  should  be  supplied.  This  was  fre- 
quently exemplified  in  the  civil  war.  At  times  when  the  diet  was  necessarily 
somewhat  monotonous,  there  was  an  almost  univci*sal  craving  for  onions  and 
raw  potatoes,  which  were  found  by  army  surgeons  to  be  excellent  antiscor- 
butics. 

With  those  who  supply  their  own  food,  the  question  of  variety  of  diet 
generally  regulates  itself ;  and  in  institutions,  it  is  a  good  rule  to  follow  as 
far  as  possible  the  reasonable  tastes  of  the  inmates.  In  individuals,  particu- 
larly females,  it  is  not  uncommon  to  observe  marked  disorders  in  nutrition 
attributable  to  want  of  variety  in  the  diet  as  well  as  to  an  insufficient  quan- 
tity of  food  as  a  matter  of  education  or  habit. 

A  full  consideration  of  the  varieties  of  food  and  of  the  different  methods 
employed  in  its  preparation  belongs  properly  to  special  works  on  dietetics. 
Among  the  ordinary  articles  of  diet,  the  most  important  are  meats,  bread, 
potatoes,  milk,  butter  and  eggs ;  and  it  is  necessary  only  to  treat  of  these 
very  briefly. 

Meats. — Among  the  various  kinds  of  muscular  tissue,  beef  has  been  found 
to  possess  the  greatest  nutritive  value.  Other  varieties  of  flesh,  even  that  of 
birds,  fishes  and  animals  in  a  wild  state,  do  not  present  an  appreciable  differ- 
ence, as  far  as  can  be  ascertained  by  chemical  analysis ;  but  when  taken  daily 
for  a  long  time,  they  become  distasteful,  the  appetite  fails,  and  the  system 
seems  to  demand  a  change  of  diet.  The  flesh  of  carnivorous  animals  is  rarely 
used  as  food ;  and  animals  that  eat  animal  as  well  as  vegetable  food,  such  as 
pigs  or  ducks,  acquire  a  disagreeable  flavor  when  they  are  not  fed  on  vege- 
tables. Soups,  broths,  and  most  of  the  liquid  extracts  of  meat  really  pos- 
sess but  little  nutritive  value  and  they  can  not  replace  the  ordinary  cooked 
meats.  The  following  is  the  composition  of  roasted  meat,  no  dripping  be- 
ing lost,  according  to  the  analysis  of  Ranke,  quoted  by  Pavy : 

Nitrogenous  matters 27*60 

Fat 15-45 

Saline  matters 2*95 

Water 5400 

100-00 

Brend. — Bread  presents  a  considerable  variety  of  alimentary  constituents 
and  is  a  very  important  article  of  diet.  The  constituents  of  flour  undergo 
peculiar  changes  in  panification,  which  give  to  good  bread  its  character- 
istic flavor.  Bread,  especially  coarse,  bro^vn  bread,  as  a  single  article  of 
food,  is  capable  of  sustaining  life  for  a  long  time.  It  contains  a  large  pro- 
portion of  starch,  but  its  important  nitrogenized  constituent  is  gluten,  which 
is  not  a  simple  substance  but  contains  vegetable  fibrin,  vegetable  albumen,  a 
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peculiar  substance  soluble  in  alcohol,  called  glutine,  with  fatty  and  inorganic 
matters.    The  following  is  the  composition  of  bread,  according  to  Letheby: 

Nitrogenized  matters 8*1 

Carbohydrates  (chiefly  starch) Sl-O 

Fatty  matters 1-6 

Saline  matters ....  2*3 

Water 87-0 

lOOO 

Potatoes, — Potatoes  are  very  useful  as  an  article  of  diet,  especially  on 
account  of  the  agreeable  form  in  which  starchy  matter  is  presented ;  for  they 
contain  but  a  small  proportion  of  nitrogenized  matter  and  do  not  possess  as 
much  nutritive  value  as  exists  in  bread.  They  are  selected  for  description 
from  the  vegetable  foods  for  the  reason  that  they  are  almost  universally  used 
in  civilized  countries  throughout  the  year.  They  are  usually  cooked  thor- 
oughly, but  the  raw  potato  is  a  valuable  antiscorbutic.  The  following  is  the 
composition  of  potato,  according  to  Letheby : 

Nitrogenized  matter 2*1 

Starchy  matters IS-S 

Sugar 8-2 

Fat 0-2 

Saline  matters 0^ 

Water 75-0 

10(H> 

Milk, — Milk,  and  articles  prepared  from  milk,  such  as  butter,  cheese  etc., 
are  important  articles  of  food.  In  the  treatment  of  disease,  milk  is  frequently 
used  as  a  single  article  of  diet.  On  account  of  the  great  variety  of  aliment- 
ary matters  which  it  contains,  including  a  great  number  of  inorganic  salts 
and  even  a  small  quantity  of  iron,  milk  will  meet  all  the  nutritive  demands 
of  the  system,  probably  for  an  indefinite  time.  It  is  largely  used  in  the  prep- 
aration of  other  articles  of  food  by  cooking.  Pure  butter,  which  represents 
the  fatty  constituents  of  milk,  contains,  in  100  parts,  30  parts  of  oleine,  68 
parts  of  palmitine,  and  2  parts  of  other  fats  peculiar  to  milk  (Bromeis). 
The  following  is  the  composition  of  cow's  milk,  according  to  Letheby : 

Nitrogenized  matters 4*1 

Fattymatters 8*9 

Sugar 6-2 

Inorganic  matters 0*8 

Water 86-0 

10(H) 

In  connection  with  the  composition  of  human  milk,  to  be  given  farther 
on,  tlie  great  variety  of  its  constituents  will  be  more  fully  considered. 

Eofji^, — As  regards  nutrition,  the  analogy  between  eggs  and  butter  is  evi- 
dent when  it  is  rememberod  that  the  constituents  of  eggs  furnish  materials 
for  the  growth  of  the  chi(;k,  to  which  must  be  added  certain  saline  matters 
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absorbed  from  the  shell  during  the  process  of  incubation.  Among  the  inor- 
ganic constituents  of  eggs,  there  is  always  a  small  quantity  of  iron.  The 
following  is  the  composition  of  the  entire  contents  of  the  egg,  quoted  from 
Pavy: 

Nitrogenized  matters 14*0 

Patty  matters 10-5 

Inorganic  matters 1'5 

Water 740 

lOOO 

A  number  of  different  nitrogenized  and  fatty  matters,  a  small  quantity  of 
saccharine  matter,  as  well  as  a  great  variety  of  inorganic  salts,  exist  in  eggs. 

The  physiological  effects  of  a  diet  restricted  to  a  single  constituent  of  food 
or  to  a  few  articles  have  been  closely  studied  both  in  the  human  subject  and 
in  the  inferior  animals.  Animals  subjected  to  a  diet  composed  exclusively 
of  non-nitrogenized  matters  die  in  a  short  time  with  all  the  symptoms  of 
inanition.  The  same  result  follows  when  dogs  are  confined  to  white  bread 
and  water ;  but  these  animals  live  very  well  on  the  military  brown  bread,  as 
this  contains  a  greater  variety  of  alimentary  matters  (Magendie).  Facts  of 
this  nature  were  multiplied  by  the  "  gelatine  commission,"  and  the  experi- 
ments were  extended  to  nitrogenized  substances  and  articles  containing  a 
considerable  variety  of  alimentary  matters.  In  these  experiments^  it  was 
shown  that  dogs  could  not  live  on  a  diet  of  pure  myosine,  the  appetite  en- 
tirely failing  at  the  forty-third  to  the  fifty-fifth  day.  They  were  nourished 
perfectly  well  by  gluten,  which  is  composed  of  a*  number  of  different  ali- 
mentary substances.  Among  the  conclusions  arrived  at  by  this  commission, 
which  bear  particularly  on  the  questions  under  consideration,  were  the  fol- 
lowing : 

"  Gelatine,  albumen,  fibrin,  taken  separately,  do  not  nourish  animals  ex- 
cept for  a  very  limited  period  and  in  a  very  incomplete  manner.  In  general, 
these  substances  soon  excite  an  insurmountable  disgust,  to  the  point  that  ani- 
mals prefer  to  die  of  hunger  rather  than  touch  them. 

"  The  same  substances  artificially  combined  and  rendered  agreeably  sapid 
by  seasoning  are  accepted  more  readily  and  longer  than  if  they  were  isolated, 
but  ultimately  they  have  no  better  influence  on  nutrition,  for  animals  that 
take  them,  even  in  considerable  quantity,  finally  die  with  all  the  signs  of 
complete  inanition. 

"  Muscular  flesh,  in  which  gelatine,  albumen  and  fibrin  are  united  accord- 
ing to  the  laws  of  organic  nature,  and  when  they  are  associated  with  other 
matters,  such  as  fat,  salts  etc.,  suffices,  even  in  very  small  quantity,  for  com- 
plete and  prolonged  nutrition." 

In  Burdach's  treatise  on  physiology,  is  an  account  of  some  interesting 
experiments  by  Ernest  Burdach  on  rabbits,  showing  the  influence  of  a  re- 
stricted diet  upon  nutrition.  Three  young  rabbits  from  the  same  litter  were 
experimented  upon.     One  was  fed  with  potato  alone  and  died  on  the  thir- 
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teenth  day,  with  all  the  appearances  of  inanitioiL  Another  fed  on  barley 
alone  died  in  the  same  way  daring  the  fourth  week.  The  third  was  fed 
alternately  day  by  day  with  potato  and  barley,  for  three  weeks,  and  afterward 
with  potato  and  barley  given  together.  This  animal  increased  in  size  and 
was  perfectly  well  nourished. 

In  1769,  long  before  any  of  the  above-mentioned  experiments  were  per- 
formed, Dr.  Stark,  a  young  English  physiologist,  fell  a  victim  at  an  early  age 
to  experiments  on  his  own  person  on  the  physiological  effects  of  different 
kinds  of  food.  He  lived  for  forty-four  days  on  bread  and  water,  for  twenty- 
nine  days  on  bread,  sugar  and  water,  and  for  twenty-four  days  on  bread, 
water  and  olive-oil ;  until  finally  his  constitution  became  broken,  and  he  died 
from  the  effects  of  his  experiments. 
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IxoROAXic  alimentary  substances  are,  with  few  exceptions,  introduced 
in  the  form  in  which  they  exist  in  the  blood  and  require  no  preparation  or 
change  before  they  are  absorbed ;  but  organic  nitrogenized  substances  are 
always  united  with  more  or  less  matter  possessing  no  nutritive  properties, 
from  which  they  must  be  separated,  and  even  when  pure,  they  always  undergo 
certain  changes  before  they  are  taken  up  by  the  blood.  The  non-nitrogenized 
matters  also  undergo  changes  in  constitution  or  in  form  preparatory  to  ab- 
sorption. 

Prehetmon  of  Food, — Prehension  of  food  in  the  adult  is  a  process  so 
simple  and  well  known  that  it  demands  little  more  than  a  passing  mention. 
The  mechanism  of  sucking  in  the  infant  and  of  drinking  is  a  little  more 
complicated.  In  sucking,  the  lips  are  closed  around  the  nipple,  the  velum 
pendulum  palati  is  apj)lied  to  the  back  of  the  tongue  so  as  to  close  the  buccal 
cavity  posteriorly,  and  the  tongue,  acting  as  a  piston,  produces  a  virtual 
vacuum  in  the  mouth,  by  which  the  liquids  are  drawn  in  with  considerable 
force.  1'his  may  be  done  independently  of  the  act  of  respiration,  which  is 
necessarily  arrested  only  during  deglutition ;  for  the  mere  act  of  suction  has 
never  anythinor  to  do  with  the  condition  of  the  thoracic  walls.  The  mechan- 
ism of  drinking  from  a  vessel  is  essentiallv  the  same.     The  vessel  is  inclined 
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80  that  the  lips  are  kept  covered  with  the  liquid  and  are  closed  around  the 
edge.  By  a  gentle,  sucking  action  the  liquid  is  then  introduced.  This  is 
the  ordinary  mechanism  of  drinking ;  but  sometimes  the  head  is  thrown  back 
and  the  liquid  is  poured  into  the  mouth,  as  in  "  tossing  off  "  the  contents  of 
a  small  vessel. 

Mastication. 

In  order  that  digestion  may  take  place  in  a  perfectly  natural  manner,  it 
is  necessary  that  the  food,  as  it  is  received  into  the  stomach,  should  be  so  far 
comminuted  and  incorporated  with  the  fluids  of  the  mouth  as  to  be  readily 
acted  upon  by  the  gastric  juice ;  otherwise,  gastric  digestion  is  prolonged  and 
difficult-  Non-observance  of  this  physiological  law  is  a  frequent  cause  of 
what  is  generally  called  dyspepsia. 

Physiological  Anatomy  of  the  Organs  of  Mastication, — In  the  adult,  each 
jaw  is  provided  with  sixteen  teeth,  all  of  which  are  about  equally  developed. 
The  canines,  so  largely  developed  in  the  carnivora  but  which  are  rudimentary 
iu  the  herbivora,  and  the  incisors  and  molars,  so  fully  developed  in  the  her- 
bivora,  are,  in  man,  of  nearly  the  same  length.  Each  tooth  presents  for  anar- 
tomical  description  a  crown,  a  neck  and  a  root,  or  fang.  The  crown  is  that 
portion  which  is  entirely  uncovered  by  the  gums ;  the  root  is  that  portion 
embedded  in  the  alveolar  cavities  of  the  maxillary  bones ;  and  the  neck  is 
the  portion,  sometimes  slightly  constricted,  situated  between  the  crown  and 
the  root  and  covered  by  the  edge  of  the  gum.  £ach  tooth  presents,  on  sec- 
tion, several  distinct  structures. 

Enamel  of  the  Teeth, — The  crown  is  covered  by  the  enamel,  which  is  by 
far  the  hardest  structure  in  the  economy.  This  is  white  and  glistening  and 
is  thickest  on  the  lower  portion  of  the  tooth,  especially  over  the  surfaces 
which,  from  being  opposed  to  each  other  on  either  jaw,  are  most  exposed  to 
wear.  It  here  exists  in  several  concentric  layers.  The  incrustation  of  enamel 
becomes  gradually  thinner  toward  the  neck,  where  it  ceases.  The  enamel  is 
mjide  up  of  pentagonal  or  hexagonal  rods,  one  end  resting  upon  the  subjacent 
structure,  and  the  other,  when  there  exists  but  a  single  layer  of  enamel,  ter- 
minating just  beneath  the  cuticle  of  the  teeth. 

The  exposed  surfaces  of  the  teeth  are  still  farther  protected  by  a 
membrane,  fTrixnr  ^  15^00  ^^  ^^  ^^^^  (^'^  ^  ^''^  /*)  ^^  thickness,  closely 
adherent  to  the  enamel,  called  the  cuticle  of  the  enamel  (Nasmyth's  mem- 
brane). The  cuticle  presents  a  strong  resistance  to  reagents  and  is  useful  in 
protecting  the  teeth  from  the  action  of  acids  which  may  find  their  way  into 
the  mouth. 

Dentine. — The  largest  portion  of  the  teeth  is  composed  of  dentine,  or 
ivory.  In  many  respects,  particularly  in  its  composition,  this  resembles  bone ; 
but  it  is  much  harder  and  does  not  possess  the  lacunae  and  canaliculi  which 
are  characteristic  of  the  true  osseous  structure.  The  dentine  bounds  and 
encloses  the  central  cavity  of  the  tooth,  extending  in  the  crown  to  the  enamel, 
and  in  the  root,  to  the  cement.  It  is  formed  of  a  homogeneous,  fundamental 
substance,  which  is  penetrated  by  a  large  number  of  canals  radiating  from 
U 
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t)ie  pulp-cavity  toward  the  exterior.  These  are  culled  the  dentinal  tnbolee  or 
canals.  They  are  rs^  to  rtW^  ^^  ^^  ^^^  (^  to  2  /a)  in  diameter,  witli 
widls  of  a  thickness  a  little  lees  than  their  caliber.  Their  course  h  gliL'^'' 
wavy  or  spiral.  Beginning  at  the  pulp-cavitv,  into  which  these  cajialo  •  , 
they  are  found  to  branch  and  occasionally  anastomose,  their  eumraunieatioos 
and  branches  becoming  more  frequent  as  they  approach  the  external  surLice 
of  the  tooth.  The  canals  of  largest  diameter  are  found  next  the  pulp-cavity, 
and  they  l>ecome  smaller  as  they  branch.  The  structure  which  forms  the 
walls  of  these  tubules  is  somewhat  denser  than  the  intermediate  portion, 
wliich  is  sometimes  called  the  intertubular  substance  of  the  dentine ;  but  ir> 

some  portions  of  the  ti>c?th,  the  tu- 
bules are  so  abundant  that  their 
walls  touch  each  other,  and  there 
is,  therefore,  no  intertubular  sub- 
stance. Near  the  origin  and  near 
the  peripheral  terminations  of  the 
dentinal  tubules,  are  sometimps 
found  solid,  globular  masses  tif 
dentine,  called  dentine  -  globules, 
which  inTgalarly  bound  triangukr 
or  stellate  cavities  of  very  variable 
size.  Sometimes  these  canities  form 
regular  zones  ne^ir  the  peripheml 
termination  of  the  tubules.  Tbc 
flentine  is  sometimes  marked  by 
cuiicentric  lines,  indicating  a  1am- 
ellated  arrangement.  In  the  luit- 
ural  condition,  the  dentinal  tubii 
are  filled  with  a  clear  lii|ui<l,  whi« 
penetrates  from  the  vascular  stmct- 
ures  in  the  pulp-ca\ity, 

Camni. — Covering  the  dentine 
of  the  root,  is  a  thin  layer  of  true 
bony  structure,  called  the  tx^inent, 
or  crusta  petrosa.  This  is  thickest 
at  the  summit  and  at  the  dei»|ier 
portions  of  the  root„  where  it  is 
sometimes  laraellated,  and  it  l>e- 
comes  thinner  near  the  ne<.'k.  It 
Vm.fXL-T^ika/ih.eotin,itHi^^^6eJ^v         ^^'^^^7   becomes   continuous   with 

1,  ttmind  ;1,  dentine :  a.  wnient  M,  perioxtt-iifn  of  U»e  the  enamel   of   the    crowil,  BO   that 
akeoUr  oftvity ;  5,  lower  jaw ;  6,  pulpniavity.  ,  ,         *  .  i 

the  dentine  is  evervwhere  com- 
pletely covered.  The  cement  is  closely  adherent  to  the  dentine  and  to  the 
periosteum  lining  the  idveolar  cavities. 

Pulp-Cnvity, — ^In  the  interior  of  each  tooth,  extending  from  the  ajiex  i»f 
the  rriot  or  rkjI^  int*i  the  crown,  is  the  pulp-cavity,  which  eontairus  minute 
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blood- vessek  and  nervous  filaments,  held  together,  by  longitudinal  fibres  of 
connective  tissue.  This  is  the  only  portion  of  the  tooth  endowed  with  sensi- 
bility. The  blood-vessels  and  nerves  penetrate  by  a  little  orifice  at  the  ex- 
tremity of  each  root. 

The  dentine  and  enamel  of  the  teeth  must  be  regarded  as  perfected  struct- 
ures ;  for  when  the  second,  or  permanent  teeth  are  lost,  they  are  never  re- 
produced, and  when  these  parts  are  invaded  by  wear  or  by  decay,  they  are 
not  restored. 

The  thirty-two  permanent  teeth  are  classified  as  follows : 

1.  Eight  incisors,  four  in  each  jaw,  called  the  central  and  lateral  incisors. 

2.  Four  canines,  or  cuspidati,  two  in  each  jaw,  just  back  of  the  incisors. 
The  upper  canines  are  sometimes  called  the  eye-teeth,  and  the  lower  canines, 
the  stomach-teeth. 

3.  Eight  bicuspid — the  small,  or  false  molars — ^just  back  of  the  canines ; 
four  in  each  jaw. 

4.  Twelve  molars,  or  multicuspid,  situated  just  back  of  the  bicuspid ;  six 
in  each  jaw. 

The  incisors  are  wedge-shaped,  flattened  antero-posteriorly,  and  bevelled 
at  the  expense  of  the  posterior  face,  giving  them  a  sharp,  cutting  edge,  which 
is  sometimes  perfectly  straight  but  is  generally  more  or  less  rounded.  Each 
incisor  has  a  single  root.  The  special  use  of  the  incisor  teeth  is  to  divide  the 
food  as  it  is  taken  into  the  mouth.  The  permanent  incisors  make  their  ap- 
pearance between  the  seventh  and  the  eighth  years. 

The  canines  are  more  conical  and  pointed  than  the  incisors,  and  have 
longer  and  larger  roots,  especially  those  in  the  upper  jaw.  Their  roots  are 
single.  They  are  used,  with  the  incisors,  in  dividing  the  food.  The  perma- 
nent canines  make  their  appearance  between  the  eleventh  and  the  twelfth 
years. 

The  bicuspid  teeth  are  shorter  and  thicker  than  the  canines.  Their  op- 
posed surfaces  are  rather  broad  and  are  marked  by  two  eminences.  The 
upper  bicuspids  are  larger  than  the  lower.  The  roots  are  single,  but  in  the 
upper  jaw  they  are  slightly  bifurcated  at  their  extremities.  They  are  used, 
with  the  true  molars,  in  triturating  the  food.  The  permanent  bicuspids 
nuike  their  appearance  between  the  ninth  and  the  tenth  years. 

The  molar  teeth,  called  respectively — counting  from  before  backward — 
the  first,  second  and  third  molars,  are  the  largest  of  all  and  are,  par  excel- 
lence^ the  teeth  used  in  mastication.  Their  form  is  that  of  a  cube,  rounded 
laterally  and  provided  with  four  or  five  eminences  on  their  opposed  surfaces. 
The  first  molars  are  the  largest.  They  have  generally  three  roots  in  the 
upper  jaw  and  two  in  the  lower,  although  they  sometimes  have  four  or  even 
five  roots.  The  second  molars  are  but  little  smaller  than  the  first  and  resem- 
ble them  in  nearly  every  particular.  The  third  molars,  called  frequently  the 
wisdom-teeth,  are  much  smaller  than  the  otliers  and  are  by  no  means  so  use- 
ful in  mastication.  The  first  molars  are  the  first  of  the  permanent  teeth, 
making  their  appearance  between  the  sixth  and  the  seventh  years.  The  sec- 
ond molars  appear  between  the  twelfth  and  the  thirteenth  years;  and  the 
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third  Diolars,  betweeu  the  seventeenth  and  the  twenty-first  yearg^  and  some- 
times even  much  later.  In  some  instances  the  third  molars  are  never  dc^ 
veloped. 

The  upper  jaw  has  ordinarily  a  somewhat  longer  and  brooder  arch  than 
the  lower;  so  that  when  the  mouth  is  closed  the  teeth  are  not  brought 
into  exact  apposition,  but  the  npper  teeth  overlap  the  lower  t4?cth  both  in 
front  and  laterally.  Tlie  lower  teeth  are  all  somewhat  smaller  than  the  cor- 
resfionding  teeth  in  the  upper  jaw  and  generally  make  their  appeanuioe  a 
little  earlier. 

The  physiological  anatomy  of  the  maxillar>^  bones  and  of  the  temporo- 
maxillary  articulation  necessainly  precedes  the  study  of  the  muscles  of  masti- 
cation and  the  mechanism  of  their  action. 

The  superior  maxillary  bones  are  immovably  articulate  with  the  other 
bones  of  the  head,  and  do  not  usually  take  any  active  part  in  mastication. 
Their  inferior  borders,  with  the  upper  teeth  embedded  in  the  alveolar  cavi- 
ties^ present  fixed  surfaces  again^st  which  tlie  food  is  preese^  by  the  action  of 
the  muscles  which  move  the  lower  jaw. 

The  inferior  maxilla  is  a  single  bone.  Its  body  is  horizontal,  of  a  horse- 
shoe shape,  and  in  the  alveolar  cavities  in  its  superior  boixler,  are  the  lower 
teeth.     Beluw  the  teeth,  both  externally  and  internally,  are  surfaces  for  the 

atachment^  of  the  muscles  concerned  in 
the  various  movements  of  the  jaw  and  for 
one  of  the  muscles  of  the  tongue. 

Ttfinjw m- Mnxilki ry  A  rt im luiion . — In 
man  the  articulation  of  the  lower  jaw  with 
the  temporal  bone  is  such  as  to  allow  an 
antero-posterior  sliding  movement  and  a 
lat^eral  movement,  in  addition  to  the  move- 
ments of  elevation  and  depression-  The 
condyloid  process  is  convex,  with  an  ovoid 
surface,  the  general  direction  of  its  long 
diameter  being  transvei'^,  and  slightly  ob- 
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ca\nty  of  corR*gpouding  shape  in  the  tem- 
poral bone,  the  glenoid  fossa,  which  \b 
bounded  anteriorly  by  a  rounded  eminence^ 
called  the  eminentia  articularis. 
Between  the  condyle  of  the  lower  jaw  and  the  glenoid  fossa,  is^  an  obloi 
interarticular  disk  of  fibro-cartilage.  This  disk  is  thicker  at  the  edges 
in  the  centre.  It  is  pliable  and  is  so  situated  that  when  the  lower  jaw  is  pi 
jectetl  forwanl,  making  the  lower  teeth  project  bi»vond  the  upper,  it  15  ap- 
plied to  the  convex  surface  of  the  eminentia  articularis  and  presents  a  c^m- 
cave  surface  for  articulation  witli  the  condyle.  One  of  tbe  iiBes  of  this 
cartilage  is  to  constantly  present  a  proper  articulating  surface  u|)on  the 
articular  eminence  and  tlms  jiermit  the  antero-jiosterior  sliding  movement 
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of  the  lower  jaw.  It  is  also  important  in  the  lateral  movements  of  the  jaw, 
in  which  one  of  the  condyles  remains  in  the  glenoid  cavity  and  the  other  is 
projected,  so  that  the  bone  undergoes  a  slight  rotation. 

Muscles  of  Mastication, — To  the  lower  jaw  are  attached  certain  muscles 
by  which  it  is  depressed,  and  others  by  which  it  is  elevated,  projected  for- 
ward, drawn  backward  and  moved  from  side  to  side.  The  following  are  the 
principal  muscles  concerned  in  the  production  of  these  varied  movements : 

MUSCLES   OF   MASTICATION. 
Muscles  which  depress  the  lotoerjaw, 

MUaCLB.  ATTAOHMKNTB. 

Digastric Mastoid   process  of  the  temporal  bone — Lower 

border  of  the  inferior  maxilla  near  the  symphy- 
sis, with  its  central  tendon  held  to  the  side  of 
the  body  of  the  hyoid  bone. 

Mylo-hyoid Body  of  the  hyoid  bone — Mylo-hyoid  ridge  on  the 

internal  surface  of  the  inferior  maxilla. 

Genio-hyoid Body  of  the  hyoid  bone — Inferior  genial  tubercle 

on  the  inner  surface  of  the  inferior  maxilla,  near 
the  symphysis. 

Platysma  myoides. Clavicle,  acromion  and  fascia— Anterior  half  of 

the  body  of  the  inferior  maxilla,  near  the  infe- 
rior border. 

Muscles  which  elevate  the  lower  jaw  and  move  it  laterally  and  antero-posteriorly. 

Temporal Temporal  fossa — Coronoid  process  of  the  inferior 

maxilla. 

Masseter Malar  process  of  the  superior  maxilla,  lower  border 

and  internal  surface  of  the  zygomatic  arch — 
Surface  of  the  ramus  of  the  inferior  maxilla. 

Internal  pterygoid Pterygoid   fossa — Inner  side  of  the  ramus,  and 

angle  of  the  inferior  maxilla. 

External  pterygoid Pterygoid  ridge  of  the  sphenoid,  the  surface  be- 
tween it  and  the  pterygoid  process,  external 
pterygoid  plate,  tuberosity  of  the  palate  and  the 
superior  maxillary  bone — Inner  surface  of  the 
neck  of  the  condyle  of  the  inferior  maxilla  and 
the  interarticular  fibro-cartilage. 

Action  of  the  Muscles  which  depress  the  Lower  Jaw. — The  most  impor- 
tant of  these  muscles  have  for  their  fixed  point  of  action,  the  hyoid  bone, 
which  is  fixed  by  the  muscles  extending  from  it  to  the  upper  part  of  the 
chest.  The  central  tendon  of  the  digastric,  as  it  perforates  the  stylo-hyoid, 
is  connected  with  the  hyoid  bone  by  a  loop  of  fibrous  tissue ;  and  acting 
from  this  bone  as  the  fixed  point,  the  anterior  belly  must  of  necessity  tend 
to  depress  the  jaw.  The  attachments  of  the  mylo-hyoid  and  the  genio- 
hyoid render  their  action  in  depressing  the  jaw  sufficiently  evident,  which 
is  also  the  case  with  the  platysma  myoides,  acting  from  its  attachments  to  the 
upper  part  of  the  thorax.  In  ordinary  mastication  the  upper  jaw  undergoes  a 
slight  movement  of  elevation,  and  this  becomes  somewhat  exaggerated  when 
the  mouth  is  opened  to  the  fullest  possible  extent. 
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Aciion  af  the  Mut^des  which  elevate  the  Lower  Jaw  and  move  it  htteratl§ 

and  anhnt-pnateriorltf. — The  temporal,  masseter  and  internal  pterygoid 
muscles  are  chiefly  concerned  in  the  simple  act  of  closing  the  jaws.  Their 
anatomy  alone  gives  a  sufficiently  clear  idea  of  their  mode  of  action ;  and 
their  great  power  is  explained  by  the  niimljcr  of  their  fibres,  by  the  attacb- 
ments  of  many  of  these  fibres  to  the  strong  aponeuroses  by  whicli  they  aw 
fxjvered,  and  by  the  fact  that  the  distance  from  their  ongin  to  their  insertioD 
is  very  short. 

The  attachments  of  the  internal  and  external  pterygoids  are  siich  that  b? 
their  alternate  action  on  either  side,  the  jaw  may  be  moved  laterally^  as  their 
points  of  origin  are  situated  in  front  of  and  internal  to  the  temporo-maxil- 
lary  articulation.  The  articulation  of  the  lower  jaw  i.^  of  such  a  kind  that 
in  its  lateral  movements  the  condyles  themselves  can  not  be  sufficiently  di^ 
placed  from  side  to  side ;  but  with  the  condyle  on  one  side  fixed  or  moved 
slightly  backward,  the  other  may  be  brought  forward  against  the  articnlar 
eminence,  producing  a  movement  of  rotation. 

The  above  exjilanation  of  the  lateral  movements  of  the  jaw  presupposes 
the  possibility  of  movement*  in  an  antero-posterior  direction.  Movements  in 
a  forward  direction,  so  ns  to  make  the  lower  teeth  project  beyond  the  u[»jier, 
are  effected  by  the  pterygoids,  the  oblique  fibres  of  Uie  masseter  aiid  the  an- 
terior fibres  of  the  temjKjral.  By  the  combined  action  of  the  posterior  fibn^s 
of  the  temporal,  the  digjistric,  mylo-hyoid  and  genio-hyoid,  tlie  jaw  is  brought 
Imck  to  its  pogition.  By  the  same  action  it  may  also  be  drawn  back  slightly 
from  its  norn)al  position  while  at  rest. 

Action  of  the  Tongue^  Lipa  ami  Chrek/i^  in  Mm^ticntian, — ExperiTOeots  on 
living  animals  and  phenomena  observed  in  eases  of  lesions  of  the  nervous 
system  in  the  human  subject  have  shown  the  importance  of  the  tongue  and 
cheeks  in  mastication.  Section  of  the  facial  nerves  is  a  common  physiologi- 
cal exijeriment  Operations  of  this  kind,  and  cases  of  facial  palsy,  which  are 
not  uncommon  in  the  human  subject,  show  that  when  the  cheek  is  jmralysed 
the  food  accumulates  between  it  and  the  teeth,  producing  gn^t  incon- 
venience. 

The  varied  and  complex  movements  of  the  tongue  during  maJ^ticat!on 
are  not  easily  dest^ribed.  After  solid  food  is  taken  into  the  mouth,  the 
tongue  prevents  its  escape  from  between  the  teeth,  mA  by  its  oonstant 
movements,  rolls  the  alimentary  bolus  over  and  over  and  passes  it  at 
times  from  one  side  to  the  other,  so  that  the  food  may  undergo  thorough 
trituration.  A^ide  from  the  uses  of  the  tongue  as  an  organ  of  taste,  its  sur- 
face is  emiowed  with  peculiar  sensibility  as  regards  the  consistence,  size  and 
form  of  different  articles ;  an<l  this  is  undoubtedly  important  in  determining 
when  miistic4iti<m  is  completed,  although  the  thoroughness  with  which  mas- 
tication is  accomplished  is  much  influenced  by  habit. 

Tonic  contraction  of  the  orbicularis  oris  is  necessary  to  keep  the  fluids 
within  the  mouth  during  repose ;  and  this  muscle  is  sometimes  brought  into 
action  when  the  mouth  is  very  full,  to  assist  in  keeping  tlie  food  between 
the  teeth*     This  latter  office,  however,  is  performed  mainly  by  the  bnccina- 
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tor ;  the  action  of  which  is  to  press  the  food  between  the  teeth  and  keep  it  in 
place  during  mivstication,  assisting,  from  time  to  tinit\  in  turning  the  ali- 
mentary bohis  so  as  to  subject  new  portions  to  trituration. 

The  process  of  mastication  is  regulated  to  a  very  great  extent  by  the 
senaibility  of  the  teeth  to  the  impressions  of  bard  and  soft  subBtances.  It  is 
only  necessary  to  call  attention  to  the  ease  and  certainty  with  which  the 
prefic^oe  and  the  consistence  of  the  smallest  substance  between  the  teeth  ai^ 
eognbed,  to  sliow  the  importance  of  this  tactile  sense  in  mastication* 

Saliva. 

'he  fluid  which  is  mixed  with  the  food  in  m:ustication,  which  moistens 
the  mucous  membrane  of  the  moutli  ami  wbieb  may  be  eolleeted  at  any  time 
in  snuill  «|uantity  by  the  simple  act  of  sputation,  is  composed  of  the  secretions 
i>f  a  considenible  nuraljer  and  variety  of  glands.  The  moat  important  of  these 
Htv  the  parotiii,  subraaxiUary  and  sublingual,  which  are  nsimJly  called  the 
salivary  glani Is,  The  labial  and  buc- 
cal glands,  the  glamls  of  the  tongue 
and  general  mucous  surface  and  cer- 
tain glandular  struct ures  in  the  mu- 
cous membrane  of  the  pharynx  also 
contribute  to  the  production  of  the 
siiliva.  The  liquid  which  beconies 
Hiore  or  less  incorjioriited  with  the  n^w^ 

fmni  Ixsfore  it  descends  to  the  stom-  I  V^l  V 

h,  and  which  must  be  regarded  as 
:ie  digest] Yc  Huid  of  the  mouth,  is 
known  as  the  raixeil  s^iliva;  but  the 
study  of  the  composition  and  pro|i. 
erties  of  this  Muid  as  a  whole  should 
he  prefaced  by  a  consideration  of 
the  different  secretions  of  which  it 
is  composed.  The  salivary  glands 
U'long  to  the  variety  of  glands 
called  racemose.  They  i-esemble  the  other  glands  belonging  to  this  class, 
and  their  gtructure  will  be  more  fully  considered  in  connection  with  the 
physiology  of  secretion. 

Parotid  Saliva. — The  parotid  is  the  largest  of  the  three  salivary  glands. 
It  is  situated  below  and  in  front  of  the  ear  and  opens  by  the  duct  of  8teno 
into  the  mouth,  at  about  the  middle  of  the  check.  The  payiilla  whieh  marks 
the  orifice  of  the  duct  is  situated  opposite  the  second  large  mular  tootli  of  the 
upper  jaw. 

The  organic  matter  of  the  parotid  saliva  is  coagidable  by  heat  {^Vl'^  Fahr, 
or  ICMJ"^  C),  alcoh<d  or  the  sinmg  mineral  tieids.  A  compouml  of  suljiho- 
cyanogen  is  now  generally  iw^knowlcdged  to  Ijq  a  constant  constituent  of  the 
parotid  saliva.  Thi^  c^iu  not  be  recognized  by  the  ordinary  tests  in  the  fresh 
saliva  taken  from  the  duct  of  Steno,  but  in  the  clear,  filtered  fluid  which 
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passes  after  the  prec  ipitatioii  of  the  orgaoic  matter,  there  is  always  a  distineu 
red  color  on  the  addition  ijf  ferric  sidphate.  As  thi^  reaction  is  more  inarkei 
in  the  mixed  saliva*  the  methods  by  which  the  presence  of  a  sulphocyaniile 
is  to  be  recognized  will  l^e  considered  in  connection  with  that  fluids  In  the 
human  subject,  the  parotid  secretion  is  more  abundant  than  that  of  any  other 
of  the  salivary  glands;  but  the  entire  quantity  in  the  twenty-four  houi^  lias 
not  been  directly  estimated. 

In  the  horse^  asg  and  ox,  it  has  been  found  that  when  oiaBtication  is  per- 
formed on  one  $ide  of  the  mouth,  the  flow  from  the  gland  on  that  aide  k 
greatly  increased,  exceeding  by  several  times  the  quantity  produced  upon  the 
op[K>site  eide  (Colin).  This  fact  has  been  confirmed  by  Dalti>n  in  the  human 
subject. 

The  flow  of  saliva  from  the  parotid  takes  place  with  greatly  in.  n  i-^d 
activit)^  during  the  process  of  mastication*  The  orifice  of  the  [jarolid  lii-  t  u 
ao  situated  that  the  fluid  is  poured  direetly  upon  the  mass  of  food  as  it  is 
dergoing  trituration  by  the  teeth ;  and  as  the  secretion  is  more  abundant  an 
the  gide  on  which  mastication  is  going  on,  and  the  consistence  of  the  fluid  is 
such  aa  to  enable  it  to  mix  readily  with  the  food,  the  office  of  this  ghiud 
is  supposed  to  be  particularly  connected  with  mastication.  This  is  undoubt- 
edly the  fact ;  although  its  flow  is  not  al>solutely  confined  to  the  period  of 
mastication,  but  continues  in  small  quantity  during  the  intervals.  Its  quan- 
tity is  regulated  somewhat  by  the  character  of  the  f(X»d,  being  much  greater 
when  the  articles  taken  into  the  mouth  are  dry  than  when  they  contain  con- 
siderable moisture.  In  tlie  human  subject,  the  stimulus  produceil  by  sapii 
substances  will  sometimes  c^iuse  a  great  increase  in  the  flow  of  the  parot 
saliva.  Mit^cherlich  and  Ebcrle  obsened  this  in  persons  suffering  from  i 
vary  fistula  and  noted,  farthermore,  that  the  mere  sight  or  oilor  of  food 
duced  the  same  effect  The  supposition  that  the  flow  from  the  parotid 
dependent  upon  the  mechanical  pressure  of  the  muscles  or  of  the  condyle  of 
the  lower  jaw  during  mastication  has  no  foundation  in  fact-  In  the  hor 
and  in  the  dog,  it  iias  been  observed  that  the  secretion  of  the  parotids  is  con 
pletely  arrested  during  the  deglutition  of  liquids,  while  the  flow  from  the 
other  salivary  glands  is  not  affected  (Bernard). 

Tlie  parotid  saliva — aside  from  any  chemical  action  which  it  may  hare 
ujwn  the  food,  which  will  be  fully  considered  in  coonection  ivith  the  mixe 
saliva — evidently  has  an  important  mechanical  office.     It  is  discharged  iit'' 
large  quantity  during  the  act  of  mastication  and  is  poured  into  the  mouth 
in  such  a  manner  as  to  become  of  necessity  thoroughly  incorporated  with  tl 
fofjd.     lis  use  is  chiefly,  although  not  exclusively,  connected  with  mastication^ 
and  indirectly,  with  deglutition;   for  it  is  only  by  becoming  incorporated 
with  this  saliva,  that  dry,  pulverulent  substances  can  be  swallowed. 

iStibmnxiiiart/  Sativa. — In  the  human  subject,  the  submaxillary  is  the  sec- 
ond of  the  salivary  glands  in  point  of  siza  Its  minute  structure  is  nearly 
the  Siune  as  that  of  the  parotid.  As  its  name  implies,  it  is  situated  lx»low 
inferior  maxillary  bone.  It  is  in  the  anterior  part  of  what  is  known  as  ' 
submaxillary  triangle  of  the  neck.    Its  excretory  duct,  the  duct  of  Wharton* 
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is  about  two  inches  (5  centimetres)  in  length  and  passes  from  the  gland,  be- 
neath the  tongue,  to  open  by  a  small  papilla  by  the  side  of  the  frenum. 

The  pure  submaxillary  saliva  presents  many  important  points  of  difference 
from  the  secretion  of  the  parotid.  It  may  be  obtained  by  exposing  the  duct 
and  introducing  a  fine  silver  tube,  when,  on  the  introduction  of  any  sapid 
substance  into  the  mouth,  the  secretion  will  flow  iniarge,  pearly  drops.  This 
variety  of  saliva  is  much  more  viscid  than  the  parotid  secretion.  It  is  per- 
fectly clear,  and  on  cooling,  it  frequently  becomes  of  a  gelatinous  consist- 
ence. Its  organic  matter  is  not  coagulable  by  heat.  It  contains  a  sulpho- 
cyanide,  but  in  very  small  quantity. 

The  submaxillary  gland  pours  out  its  secretion  in  greatest  abundance  when 
sapid  substances  are  introduced  into  the  mouth ;  but  unlike  the  parotid  saliva, 
the  secretion  does  not  alternate  on  the  two  sides  with  alternation  in  mas- 
tication. Although  sapid  articles  excite  an  abundant  secretion  from  the 
submaxillary  glands,  they  also  increase  the  secretions  from  the  parotids  and 
sublinguals;  and  on  the  other  hand,  movements  of  mastication  increase 
somewhat  the  flow  from  the  submaxillaries,  and  these  glands  secrete  a  cei^tain 
quantity  of  fluid  during  the  intervals  of  digestion.  The  viscid  consistence 
of  the  submaxillary  saliva  renders  it  less  capable  than  the  parotid  secretion 
of  penetrating  the  alimentary  mass  during  mastication. 

Sublingual  Saliva, — The  sublinguals,  the  smallest  of  the  salivary  glands, 
are  situated  beneath  the  tongue,  on  either  side  of  the  frenum.  In  minute 
structure  they  resemble  the  parotid  and  the  submaxillary  glands.  Each  gland 
has  a  number  of  excretory  ducts,  eight  to  twenty,  which  open  into  the  mouth 
by  the  side  of  the  frenum ;  and  one  of  the  ducts,  larger  than  the  others, 
joins  the  duct  of  the  submaxillary  gland  near  its  opening  in  the  mouth. 

The  secretion  of  the  sublingual  glands  is  more  viscid,  even,  than  the  sub- 
maxillary saliva,  but  it  differs  in  the  fact  that  it  does  not  gelantinize  on  cooling. 
It  is  so  glutinous  that  it  adheres  strongly  to  any  vessel  and  flows  with  diffi- 
culty from  a  tube  introduced  into  the  duct.  Like  the  secretion  from  the 
other  salivary  glands,  its  reaction  is  distinctly  alkaline.  Its  organic  matter  is 
not  coagulable  by  heat,  acids  or  the  metallic  salts. 

It  has  been  shown  that  the  sublingual  glands  may  be  excited  to  secretion 
by  impressions  made  by  sapid  substances  upon  the  nerves  of  taste,  although 
the  flow  is  always  less  than  from  the  submaxillary  glands.  The  great  viscid- 
ity of  the  sublingual  saliva  renders  it  less  easily  mixed  with  the  alimentary 
bolus  than  the  secretions  from  the  parotid  or  the  submaxillary  glands. 

Fluids  from  the  Smaller  Glands  of  the  Mouthy  Tongue  and  Pharynx, — 
Beneath  tlie  mucous  membrane  of  the  inner  surface  of  the  lips,  are  small, 
rounded,  glandular  bodies,  opening  into  the  buccal  cavity,  called  the  labial 
glands ;  and  in  the  submucous  tissue  of  the  clieeks,  are  similar  bodies,  cidled 
the  buccal  glands.  The  latter  are  somewhat  smaller  than  the  labial  glands. 
Two  or  three  of  the  buccal  glands  are  of  considerable  size  and  have  ducts 
opening  opposite  the  last  molar  tooth.  These  are  sometimes  distinguished  as 
the  molar  glands.  There  are  also  a  few  small  glands  in  the  mucous  mem- 
brane of  the  posterior  half  of  the  hard  palate ;  but  the  glands  on  the  under 
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siirfiioe  of  the  soft  palate  are  larger  and  here  form  a  eontinuoug  layer.  Tht 
<rlunds  of  the  tongue  are  situated  lieiieath  the  mucous  meinbraue^  cnaiiilv  o<i 
the  posterior  third  of  the  dorsum ;  but  a  few  are  found  at  the  edges  and  the 
tip,  and  there  is  a  gland  of  considerable  size  on  either  side  of  the  freniinu, 
near  the  tip.  All  of  these  are  small,  racemose  glands,  similar  in  strueture  to 
those  which  imve  been  called  the  true  salivary  glands.  In  addition  to  these 
structures,  the  mueoug  membrane  of  the  tongue  is  provided  with  simple  ami 
compound  follicular  gkndii,  which  extend  over  its  entire  surface,  bat  wn 
most  abundant  at  the  posterior  portion,  behind  the  circnmvallate  pRpiDaiL 
The  most  important  of  the  glands  of  the  tongue  will  be  de^ribed  in  conneo- 
tion  with  the  physiology  of  gustation. 

In  the  pharynx  and  the  posterior  portion  of  the  buccal  cavity,  are  tbir 
phar^Tigeal  glands  and  the  tonsils.  In  the  pharynx,  particularly  the  nppet 
portion,  racemose  glands^  like  those  found  in  the  mouth,  exist  in  birgct  no 
bers.  The  mucous  membrane  is  provided,  al^o,  with  simple  and  com; 
mucous  foUieles.  The  tonsils,  situated  on  either  side  of  the  fauces 
the  pillars  of  the  soft  i>alate,  consist  of  an  aggregation  of  compound  follic 
glands.  The  number  of  glands  entering  into  the  composition  of  each  UmeA 
is  ten  to  twenty. 

The  secretion  from  the  glands  and  follicles  above  enumerated  «an  not  b^ 
obtained,  in  the  human  subject,  unmixed  with  the  fluids  from  the  true  i 
vary  glands.     It  has  been  collected  in  small  quantity,  however,  frfim  the  in- 
ferior animaK  after  ligature  of  all  the  salivary  ducts.    This  secretion  is  simply 
a  grayish,  viscid  mucus,  containing  a  number  of  leueoc\i^  and  desquamated 
epithelial  scales.     It  is  this  which  gives  the  turbid  and  opaline  chunict^r  to 
the  mixed  saliva,  as  the  secretions  of  the  salivary  glands  are  all  perfe<'Sly 
transparent     The  fluid  from  these  glands  in  the  mouth  is  mixed  with  the 
salivary  secretions ;  and  that  from  the  posterior  part  of  the  tongne,  the  ton 
silsi,and  the  pharyngeal  glands  passes  down  to  the  stomach  with  the  aliment 
ary  bolus.    This  secretion,  consequently,  forms  a  constant  and  essential  part" 
of  the  mixed  saliva. 

Mixed  ASalira. — Although  the  study  of  the  distinct  secretions  discharged 
into  the  moutli  |x>ssesses  considerable  physiological  im]>ortance,  it  is  only  the 
fluid  resulting  from  a  union  of  them  idi,  whieli  can  properly  be  considered  ii 
connection  with  the  geneml  process  of  insalivation.  In  man  it  is  ne 
that  the  cavity  of  the  mouth  sliould  be  continmdly  moistened,  if  for  nothing^ 
else,  to  keep  the  i>arts  in  a  proper  condition  for  phonation.  A  little  reflec- 
tion will  make  it  apparent  that  the  flow,  from  some  of  the  glands  at  least,  u 
constant,  and  that  from  time  to  time  a  certain  quantity  of  saliva  is  swallowed. 
The  discharge  of  the  fluid  into  the  mouth,  though  diminished,  is  not  arrested 
during  sleep.  In  the  review  of  the  different  kinds  of  saliva,  it  has  been  seen 
that  the  flow  from  none  of  the  glands  is  absolutely  intermittent ;  unless  it  be  so 
occasionally  from  the  parotid,  the  secreting  action  of  which  is  most  powerfully 
influenced  by  the  act  of  mastication  and  the  impression  of  sapid  substanoes^  j 

Uj>on  the  introduction  of  food  the  quantity  of  saliva  is  greatly  increaaedl 
and  the  influence  of  the  sight,  odor,  and  occasionally  even  the  thought  of 
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agreeable  articles  has  already  been  mentioned.  The  experiments  of  Frerichs 
on  dogs  with  gastric  fistulae,  and  the  observations  of  Gardner  on  a  patient 
with  a  wound  in  the  oesophagus,  have  demonstrated  that  the  flow  of  saliva 
may  be  excited  by  the  stimulus  of  food  introduced  directly  into  the  stomach 
without  passing  through  the  mouth. 

Quantity  of  Saliva. — It  is  not  easy  to  estimate  in  the  human  subject 
the  entire  quantity  of  saliva  secreted  in  the  twenty-four  hours ;  and  great 
variations  in  this  regard  undoubtedly  exist  in  different  persons  and  even  in  the 
same  individual  at  different  times.  An  approximate  estimate  may  be  arrived 
at  by  noting  as  nearly  as  possible  the  average  quantity  secreted  during  the 
intervals  of  digestion  and  adding  to  it  the  quantity  absorbed  by  the  various 
articles  of  food.  Estimates  of  this  kind  can  be  approximate  only,  and  those 
made  by  Dalton  are  apparently  the  most  satisfactory.  The  following  repre- 
sents, according  to  Dalton,  the  quantities  of  saliva  secreted  during  mastica- 
tion and  during  the  intervals  of  meals : 

Saliva  required  for  mastication 17*32  oz.    (491  grammes). 

Saliva  secreted  in  intervals  of  meals 27*93  oz.     (792  grammes). 

Total  quantity  per  day 45*25  oz.  (1,283  grammes). 

The  total  daily  quantity  of  saliva,  therefore,  is  a  little  more  than  two  and 
three-fourths  pounds. 

Remembering  that  the  quantity  of  saliva  must  necessarily  be  subject  to 
great  variations,  this  estimate  may  be  taken  as  giving  a  sufficiently  close  ap- 
proximation of  the  quantity  of  saliva  ordinarily  secreted.  It  must  be  borne 
in  mind,  however,  with  reference  to  this  and  the  other  digestive  secretions, 
that  this  large  quantity  of  fluid  is  at  no  one  time  removed  from  the  blood  but 
is  reabsorbed  nearly  as  fast  as  secreted,  and  that  normally,  none  of  it  is  dis- 
charged from  the  organism. 

General  Properties  and  Composition  of  the  Saliva, — The  mixed  fluid  taken 
from  the  mouth  is  colorless,  soraewliat  opaline,  frothy  and  sliglitly  viscid.  It 
generally  has  a  faint  and  somewhat  disagreeable  odor  very  soon  after  it  is 
discharged.  If  it  be  allowed  to  stand,  it  deposits  a  whitish  sediment,  com- 
posed mainly  of  desquamated  epithelial  scales  with  a  few  leucocytes,  leaving 
the  supernatant  fluid  tolerably  clear.  Its  specific  gravity  is  variable,  ranging 
between  1004  or  1006  and  1008.  Its  reaction  is  almost  constantly  alkaline ; 
although,  under  certain  abnormal  conditions  of  the  system,  it  has  occasion- 
ally been  observed  to  be  neutral,  and  sometimes,  though  rarely,  acid.  The 
saliva  becomes  slightly  opalescent  by  boiling  or  on  the  addition  of  strong 
acids.  The  addition  of  absolute  alcohol  produces  an  abundant,  whitish,  floc- 
culent  precipitate.  Almost  invariably  the  mixed  saliva  presents  a  more  or 
less  intense  blood -red  tint  on  the  addition  of  a  per-salt  of  iron,  which  is  due 
to  the  presence  of  a  sulphocyanide  either  of  potassium  or  of  sodium. 

A  number  of  analyses  of  the  human  mixed  saliva  have  been  made  by  dif- 
ferent chemists,  presenting,  however,  few  differences,  except  in  the  relative 
proportions  of  water  and  solid  ingredients,  which  are  probably  quite  variable. 
The  following  is  an  analysis  by  Bidder  and  Schmidt : 
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COMPOSITIOX    OF   HUMAy   SALl?A. 

Water. 

Epithelium .••♦••« 

Soluble  organic  matter   ..**..*...... 

Fotasdum  sulphocyanide , .  ♦ 

&xiium^  calcium  and  magnesium  pho^phate^ 

Potassium  ckloride  ) 

Sodium  chloride      f  *' "*' 


1,OOIHI9 


The  organic  matter  of  the  mixed  saliva,  called  by  Berzelius,  ptyaline,  on 
the  addition  of  an  excess  of  absolute  alcohol,  is  coagulated  in  the  form  of 
whitish  flakes  wliich  may  be  readily  separated  by  filtration-  This  gutetanee 
has  been  studied  by  Mialhe  and  is  described  by  him  under  the  name  <if 
animal  dia^ta^.  This  author  regards  it  as  the  active  principle  of  the  saliTa. 
It  has  no  direct  influence  upon  the  nitrogenized  alimentary  matters,  but 
when  brought  in  contact  with  hydrated  starch,  readily  transforms  it,  first  into 
dextrine  and  afterward  into  glucose.  According  to  Mialhe,  the  energy  of 
this  action  is  such  that  one  part  is  suflicicnt  to  effect  the  transformation  of 
more  than  two  tliousand  parts  of  starch. 

The  presence  of  a  certain  quantity  of  potassium  sulphocyanide  in  the 
mixed  saliva  can  be  demonstrated  by  the  addition  of  a  per-salt  of  iron.  That 
this  is  a  constant  and  normal  ingredient  of  the  human  saliva,  can  not  be 
doubted. 

Very  little  need  be  aaid  concerning  the  other  inorganic  constituents  of 
saliva,  except  that  they  are  of  such  a  nature  as  almost  invariably  to  render 
the  fluid  distinctly  alkaline.  They  exist  iti  small  proportion  and  do 
apjK^ar  to  be  connected  in  any  wa^'  with  the  action  of  the  saliva  as  a  • 
ive  fluid. 

Uses  of  the  Saliva. 

In  183U  I^uchs  discovered  that  hydrated  starch,  mixed  with  fresh  saliva 
and  warmed,  became  liquid  and  was  converted  into  sugar.  This  fact  liaa 
since  been  rej^eatedly  confirmed ;  and  it  is  now  a  matter  of  common  ol 
tion  that  hydrate4i  starch  or  unleavened  bread,  taken  into  the  mouth,  all 
instantly  loses  the  property  of  striking  a  blue  color  with  iodine  and  res|»ond 
t<i  the  ordinary  tests  for  sugar.  Of  the  rapidity  of  this  action  any  one  emi" 
easily  convince  himself  by  the  simple  experiment  of  taking  a  little  cook«l 
starch  into  the  mouth,  mixing  it  well  with  the  saliva,  and  testing  in  the  ordi- 
nary way  for  sugar.  This  can  hardly  be  done  so  rapidly  that  the  reactia 
is  not  manifested,  and  the  presenc43  of  sugar  is  also  indicated  by  the  tasi 
Although  the  human  mixed  saliva  will  finaUy  exert  the  same  action  on  im- 
cooked  starch,  the  trtinsformation  takes  place  much  more  slowly. 

It  has  been  shown  that  all  the  varieties  of  human  saliva  have  the  same 
effect  on  starch  as  the  mixed  fluids  of  the  mouth.  Dalton  found  no  differ- 
ence between  the  pore  parotid  saliva  and  the  mixed  saliva  of  the  human 
subject,  as  regards  tlie  power  of  transforming  sUirch  into  sugar.     Bernard 
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obtained  the  pure  secretions  from  the  parotid  and  from  the  submaxillary 
glands  in  the  human  subject,  by  drawing  the  fluids  out  of  the  ducts  as  they 
open  into  the  mouth,  by  means  of  a  small  syringe  with  the  nozzle  arranged  so 
as  to  fit  over  the  papillae,  and  demonstrated  their  action  on  starch.  Longet 
showed  that  a  mixture  of  the  secretions  of  the  submaxillary  and  the  sub- 
lingual glands  has  the  same  property. 

Several  carbohydrates  are  formed  as  intermediate  products  between  the 
hydrated  starch  and  glucose,  which  latter  is  the  final  result  of  the  action  of 
the  salivary  ferment.  After  passing  through  one  or  two  conditions  slightly 
different  from  that  of  pure  dextrine,  the  starch  is  converted  into  dextrine, 
which  is  changed  into  maltose  (CigH220ii),  and  the  maltose  is  finally  con- 
verted into  glucose  (C^HigOe).  This  action  is  due  entirely  to  the  presence  of 
ptyaline,  although  its  intensity  is  increased  in  moderately  alkaline  solutions 
or  by  the  addition  of  certain  salts,  especially  sodium  chloride.  Feeble  acids 
diminish  the  activity  of  this  change,  and  it  is  arrested  by  strong  mineral 
acids ;  although  direct  experiments  have  shown  that  the  action  of  the  saliva 
is  slowly  and  feebly  continued  in  the  stomach.  The  temperature  at  which  the 
action  of  the  salivary  ferment  is  most  vigorous  is  about  100°  Fahr.  (38®  C.) ; 
and  any  considerable  variation  from  this  temperature  arrests  the  process. 

In  early  infancy  the  action  of  the  saliva  upon  starch  is  not  so  vigorous  as 
in  the  adult,  and  it  is  said  that  immediately  after  birth  the  parotid  secretion 
is  the  only  one  of  the  salivary  fluids  which  contains  ptyaline.  In  a  few 
months,  however,  ptyaline  appears  in  the  submaxillary  and  sublingual  secre- 
tions. 

It  is  evident  that  the  saliva,  in  addition  to  its  mechanical  action,  trans- 
forms a  considerable  portion  of  the  cooked  starch,  which  is  the  common 
form  in  which  starch  is  taken  by  the  human  subject,  into  sugar;  but  it 
is  by  no  means  the  only  fluid  engaged  in  its  digestion,  similar  properties 
belonging  to  the  pancreatic  and  the  intestinal  juices.  The  last-named  fluids 
are  probably  more  active,  even,  than  the  saliva.  The  saliva  acts  slowly  and 
imperfectly  on  raw  starch,  which  becomes  hydrated  in  the  stomach  and  is 
digested  mainly  by  the  fluids  of  the  small  intestine.  In  all  probability  the 
saliva  does  not  digest  all  the  hydrated  starch  taken  as  food,  the  greater  part 
passing  unchanged  from  the  stomach  into  the  intestine.  Those  who  attribute 
merely  a  mechanical  action  to  the  saliva  draw  their  conclusions  entirely 
from  experiments  on  the  lower  animals,  particularly  the  carnivora ;  and  such 
observations  can  not  properly  be  applied  to  the  human  subject. 

In  treating  of  the  various  fluids  which  are  combined  to  form  the  mixed 
saliva,  their  mechanical  uses  have  necessarily  been  touched  upon.  To  sum 
up  this  part  of  the  subject,  however,  it  may  be  stated  that  the  fluids  of  the 
mouth  and  pharynx  have  quite  as  important  an  oflSce  in  preparing  the  food 
for  deglutition  and  for  the  action  of  the  juices  in  the  stomach  as  in  the  diges- 
tion of  starch.  It  is  a  matter  of  common  experience  that  the  rapid  deglu- 
tition of  very  dry  articles  is  impossible.  In  the  human  subject,  although 
mastication  and  insalivation  are  by  no  means  so  complete  as  in  some  of  the 
lower  animals,  the  quantity  of  saliva  absorbed  by  the  various  articles  of  food 
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is  very  large.  It  aoems  impoaable  that  the  fluid  thus  ineorpomted  with  the 
food  should  not  have  an  important  influence  on  the  changies  which  take 
place  in  the  stomach,  although  it  must  be  confessed  that  informtitioti  on  this 
point  is  very  meagi-e,  except  as  regards  the  digestion  of  sUireh. 

It  is  undoubtedly  the  abundant  secretion  of  the  parotid  glands  which 
lx?c^omcs  most  completely  incorporated  with  the  food  during  mastication  and 
which  serves  to  unite  the  dry  particles  into  a  coherent  massL  The  decre- 
tions  from  the  submaxillary  and  sublingual  glands  and  from  the  small 
glands  and  follicles  of  tlie  mouth,  being  more  viscid  and  less  in  quantity  than 
the  parotid  secretion,  penetmte  the  alimentary  bolus  less  easily  and  form  a 
glairy  coating  on  its  exterior,  agglutinating  the  particles  near  the  surfacn* 
with  peculiar  tenacity. 

When  the  processes  of  mastication  and  insalivation  have  been  completed, 
and  the  food  has  passed  into  the  phar^-nx,  it  meets  with  the  secretion  of  the 
pharyngeal  glands,  which  still  farther  coats  the  surface  with  the  viscid  fluid 
which  covers  the  mucous  membrane  in  this  situation,  thus  facilitating  the 
first  processes  of  deglutition. 

It  has  been  observed  that  the  saliva  engages  hubbies  of  air  in  the  ali- 
mentary mass.  In  mastication,  a  considenible  quantity  of  air  is  mixe«i  with 
the  food,  and  this  facilitates  the  i^enetratioii  of  the  gastric  jui€»e*  It  is  well 
known  that  moist,  heavy  bread,  and  articles  that  can  not  become  impregiiated 
in  this  way  with  air,  are  not  easily  acted  upon  in  the  stomach. 

Degutitiox. 

Deglutition  is  the  act  by  which  solid  and  liquid  articles  are  passed  from 
the  mouth  into  the  Itomaeh.  The  process  involves  firsts  the  |)afisag«,  by  an 
automatic  movement,  of  the  alimentary  mass  through  the  isthmus  of  tb** 
fauces  into  the  pharynx ;  then  a  rapid  contraction  of  the  constrictors  of  th*s 
pharvnx,  by  which  it  is  forced  into  the  opsophagus ;  and  finally,  a  peristalti^s 
action  of  the  muscular  walls  of  the  tjesophagus,  extending  from  its  opening  i»t 
the  pharynx  to  the  stomach. 

Phtf^ialoffical  Anattnnjj  of  the  Parts  concerned  in  Deglutitiofi, — The  ] 
concerned  in  tliis  process  are  the  tongue,  the  muscular  walls  of  the  phar 
and  the  oesophagus.     In  the  passage  of  food  and  drink  through  the  pharynJt/1 
it  is  necessary  to  completely  protect  from  the  entrance  of  foreign  matters  a 
number  of  oj>ening8  which  are  exclusively  for  the  passage  of  air.     These 
the  jK>sterior  nares  and  the  Eustachian  tubes  above,  and  the  opening  of  l\ 
larynx  below* 

The  tongue — a  muscular  organ  capable  of  a  gr*  at  variety  of  movementSf" 
— is  the  chief  agent  in  the  first  processes  of  deglutition.  A  study  of  the 
muscles  which  are  brought  into  action  in  deglutition  would  involve  an  ana^ 
tomical  description  so  elaborate  as  to  be  out  of  place  in  this  work.  The 
movements  of  the  tongue,  however,  u411  be  described  in  connection  with  the 
mechanism  of  deglutition. 

The  pharynx,  in  which  the  most  complex  of  the  movements  of  d^lutition 
take  place,  is  an  irregular,  funnel-shai^ed  cavity,  its  longest  diameter  being 
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erse  and  opposite?  tlie  eornua  of  the  hyoid  bone,  with  its  sTnallest  por- 
iott  at  the  optming  into  the  cesopliagiis*  Its  length  is  about  four  and  u  half 
inches  (11*43  ceu- 
timetreisi).  It  ia 
connected  superi- 
orly and  posterior- 
ly with  the  basilar 
procei38  of  the  o(s 
eipital  bone  and 
with  the  upjKTcer- 
vie;il  vertebr*.  It 
is  iiicompleielysep- 
aratetl  frnm  the 
C4ivity  of  the  mouth 
hy  the  velum  pen- 
dulum palati,  a 
movable,  mui3cuh> 
membranous  fold 
c4>ntinuous  with 
the  I'oof  of  the 
mouth  and  murkeil 
by  a  Hue  in  the 
centre,  which  in- 
dicates its  original 
development  by 
two  latenil  halves. 
This,  which  is 
CttUed  the  eoft 
palate*  when  re- 
laxed, presents  a 
concave  surface 
looking  toward 
the  month,  a  free, 
phed   border,  and 


Se, 


Fio.  55  —Cnvities  of  the  mouth  tmrf  phartmr,  tU^.  fSuppevi 

i  iti  liin\  of  th**  fac**  and  ihv  sujierioi  i  f  the  ueck, 

I  hi*  mouth  ID  \tH  ri'iations  to  thf  hi  :  ht^  [ilmr- 

(ix  :  J.  Hi}ili»^ii{iiiilal  stuiiJiHii ;  'i^  jiir*  1 1  i  tlif  Ku- 

i  t'^  :    1,  [vtlatiue  arch  ;  4.  vehiTti  peDrluluiii  jialuti  ;  5,  aul*:'H%sr 

s-tft  |>iiliite  ;  6.  po«terior  pillar  of  tb**  sof t  railjite  :  7,  lonKil  ; 

I  •  rli.in  r»f  ihe  cavity  of  the  pliar>'rix  ;  iK  **piK'fottls  ;  U\  jtHclfim 

or  tji»'  iiyrtid  boiH»;  11.  laryngeal  porUon  of  Uie  canity  of  Uie  phiu-ynx: 

It,  cuvity  of  Uie  larytOL. 

a  conical  process  hanging  from  the  centre,  called 
the  u^'ula.  On  either  side  of  the  soft  palate^  are  two  curved  pillars,  or 
arc-hei^. 

The  anterior  pillars  of  the  fauces  are  formed  by  the  palato-glossus  muscle 
on  either  ^ide  and  run  obli(^iiely  downward  and  forward,  the  mucous  mem- 
brane which  covers  them  iK-cumiug  continuoui*  with  the  membrane  over  the 
base  of  the  tongue.  The  posterior  pillars  are  more  closely  approximated  to 
each  other  than  the  anterior.  They  run  obliquely  downward  aud  backward, 
their  mucous  membrane  becoming  continuous  with  the  mtmibrane  covering 
the  sides  of  the  phar>Tix*  Between  the  lower  portion  of  the  anterior  and 
posterior  pillars,  are  tlie  tonsils ;  and  in  the  substance  of  and  beneath  the 
mucous  membrane  of  the  pidate  and  phar)Tix,  are  small  glands,  which  have 
already  been  described* 
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In  Fig,  55,  are  shown  the  cavities  of  the  mouth  and  pharynx  with  their 
relations  to  the  nares  and  the  larynx. 

The  isthmus  of  the  fauces,  or  the  strait  through  which  the  food  passes 
from  the  mouth  to  the  pharynx,  is  bounded  above,  by  the  soft  palate  ami  t\w 
uvida  i  ktemUj,  by  the  pillars  of  the  pakte  and  the  tonsils ;  and  below,  br 

the   base    of   th« 
tongue. 

The  openings 
into  the  pharynx 
abcjve  are  the  pos- 
terior nares  and 
the  oriticeei  of  the 
Eustachian  tubea. 
Below,  are  thi? 
opeidugs  of  the 
u'sophagus  and  of 
the  lar^Tix. 

The  muscles  of 
the  pharynx  are 
the  superior  con- 
strictor, the  6lyl<v 
pharyngeuii,  the 
middle  constrictor 
and  the  inferior 
constrictor  ; 
it  is  easy  to  8C«n 
from  the  situation 
i^^^^^^^M^BF  of  these   mu^les, 

which  is  shown  in 
Fig,  56,  how,  bj 
their  gucceesif 
action  from  abof 

Flro.  60.— .tfiwcfej  of  the  phaiyn^,  etc.  (Sappej).  downward,  the 

L  9L  a,  4. 4,  mpertor  constiic'tor :  S,  fi.  7,  H.  middle  eooRtrictor ;  0,  10,  It,  12,  in*  ft^nA  la  rkueecwl  in«A 

f».nor  eoiMitrtetor ;  ia»  lU.  atylo  pljaonijens ;  U.  styk^^hjoid  niufiole  ;  15,  ^  " ^  *  '**  passeti  IQW 

srvl'»  i^lofisus  ;   !«,  hyo-|clowu*  ;  17,  mylo-hyotd  muscU?;  18,  buccinator  flin  mftiinKainis 

inusc]^  ;  19,  tensor  pulaci ;  30,  levaior  palati.  ^"'^  (xsupijaguik 

The     muscles 

which  form  the  tleshy  portions  of  the  soft  palate  are  likewise  important  in 
deglutition.  These  are  the  levator  palati,  the  tensor  palati,  the  palato-glossm^ 
and  the  imlato-pharyngeus.  The  azvgos  uvulae,  which  forms  the  Heshy  por- 
tion of  the  uvula,  has  no  marked  or  important  action  in  deglutition. 

The  mucous  membrane  of  the  pharynx,  aside  from  the  varioue  glands  sit- 
uated beneath  it  and  in  its  substance,  which  have  alreiidy  been  described,  pn> 
fient^  some  |Xfculiarities^  which  are  interesting  more  from  an  anatomical  than 
a  physiological  point  of  view.  In  the  superior  portion,  which  forms  a  cuboid- 
al  cavity  just  behind  the  posterior  nares,  the  membrane  is  darker  and  much 
richer  in  blood-vessels  than  in  other  parts.      Its  surface  is  smooth  and  pro- 
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vided  with  ciliated,  columnar  epithelium,  like  that  which  covers  the  mem- 
brane of  the  posterior  nares.  Laterally,  below  the  level  of  the  opening  of  the 
Eustachian  tubes,  and  posterioriy,  at  the  point  where  it  becomes  vertical,  the 
mucous  membrane  abruptly  changes  its  character.  The  epithelial  covering 
is  here  composed  of  flattened  cells,  similar  to  those  which  cover  the  mucous 
membrane  of  the  oesophagus.  The  membrane  is  also  paler  and  less  vascular. 
It  is  provided  with  papillae,  some  of  which  are  simple,  conical  elevations,  while 
others  present  two  to  six  conical  processes  with  a  single  base.  These  papillae 
are  rather  thinly  distributed  over  all  of  that  portion  of  the  mucous  surface 
which  is  covered  with  flattened  epithelium. 

The  contractions  of  the  muscular  walls  of  the  pharynx  force  the  aliment- 
ary bolus  into  the  oesophagus,  a  tube  possessed  of  thick,  muscular  walls,  ex- 
tending to  the  stomach.  The  oesophagus  is  about  nine  inches  (23  centi- 
metres) in  length.  It  is  cylindrical  and  is  slightly  constricted  at  its  superior 
and  inferior  extremities.  Its  upper  extremity  is  in  the  median  line,  behind 
the  lower  border  of  the  cricoid  cartilage  and  opposite  the  fifth  caBvical  verte- 
bra. At  first,  as  it  descends,  it  passes  a  little  to  the  left  of  the  cervical 
vertebrae.  It  then  passes  from  left  to  right  from  the  fourth  or  fifth  to  the 
ninth  dorsal  vertebra,  to  give  place  to  the  aorta.  It  finally  passes  a  little  to 
the  left  again,  and  from  behind  forward,  to  its  opening  into  the  stomach. 
In  its  passage  through  the  diaphragm,  it  is  surrounded  by  muscular  fibres,  so 
that  when  this  muscle  is  contracted  in  inspiration,  its  action  has  a  tendency 
to  close  the  opening. 

The  coats  of  the  oesophagus  are  two  in  number,  unless  there  be  included, 
as  a  third  coat,  the  fibrous  tissue  which  attaches  the  mucous  membrane  to 
the  subjacent  muscular  tissue. 

The  external  coat  is  composed  of  an  external  longitudinal,  and  an  inter- 
nal circular  or  transverse  layer  of  muscular  fibres.  In  the  superior  portion, 
the  longitudinal  fibres  are  arranged  in  three  distinct  fasciculi ;  one  in  front, 
which  passes  downward  from  the  posterior  surface  of  the  cricoid  cartilage, 
and  one  on  either  side,  extending  from  the  inferior  constrictors  of  the  pharynx. 
As  the  fibres  descend,  the  fasciculi  become  less  distinct  and  are  finally  blended 
into  a  uniform  layer.  The  43ircular  layer  is  somewhat  thinner  than  the  ex- 
ternal layer.  Its  fibres  are  transverse  near  the  superior  and  inferior  extrem- 
ities of  the  tube  and  are  somewhat  oblique  in  the  intermediate  portion.  The 
muscular  coat  is  ^  to  ^^  of  an  inch  (0*5  to  2-1  mm.)  in  thickness. 

In  the  upper  third  of  the  oesophagus,  the  muscular  fibres  are  exclusively 
of  the  red  or  striated  variety,  with  some  anastomosing  bundles ;  but  lower 
down,  there  is  a  mixture  of  non-striated  fibres,  wliich  appear  first  in  the  cir- 
cular layer.  These  latter  fibres  become  gradually  more  abundant,  until,  in 
the  lower  fourth,  they  largely  predominate.  A  few  striated  fibres,  however, 
are  found  as  low  down  as  the  diaphragm. 

The  mucous  membrane  of  tlie  oesophagus  is  attached  to  the  muscular 
tissue  by  a  dense,  fibrous  layer.  It  is  quite  vascular  and  reddish  above,  but 
gradually  becomes  paler  in  the  inferior  portion.  The  mucous  membrane  is 
ordinarily  thrown  into  longitudinal  folds,  which  are  obliterated  when  the 
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tube  is  distended.  Its  epithelium  is  thick,  of  the  squamous  variety,  and  is 
rontinuous  with  and  similar  to  the  covering  of  the  lower  portion  of  tht 
pharynx.  It  is  provided  with  papillae  of  the  same  structure  as  thoee  found 
in  the  pharynx,  the  conical  variety  predominating.  Small,  racemose  glandi 
are  found  throughout  the  tube,  forming,  by  their  aggregation  at  the  lower 
extremity  just  }>efore  it  ojvens  into  the  stomach,  a  glandular  ring. 

Meehaniam  a/  Deffluitfion. — For  convenience  of  description,  physiologtsls 
have  generally  divided  the  process  of  deglutition  into  three  periods.  The  fiirt 
period  h  occupied  by  the  passage  of  the  alimentary  b*iluj«  backward  to  thv 
isthmus  of  the  fauce«.  This  may  appropriately  be  considered  as  a  distinct 
period,  beeause  the  movements  are  effected  by  the  action  of  muacles  mider 
the  control  of  the  mil.  The  second  period  is  occupied  by  the  pmeagB  of  the 
food  from  the  isthmus  of  the  fauces,  through  the  pharynx,  into  th€  Dp 
part  of  the  cesophagus.  The  third  period  is  «xjcupied  by  the  passage  of  i 
food  tlirough  the  tesophagus  into  the  stomach. 

In  the  tirst  )>erioii  the  tongue  is  the  important  agent  At  the  Ijeginning 
of  this  period,  the  mouth  is  closed  and  the  tongue  becomes  slightly  increased 
in  width,  and  with  the  alimentary  bolus  behind  it,  is  pressed  from  before 
btyi'kward  against  the  roof  of  the  mouth.  The  act  of  swallowing  is  all 
performed  with  difficulty  when  the  mouth  is  not  completely  closed;  for 
tongue,  from  its  attachments,  must  follow,  to  a  certain  extent,  the  moveme 
of  the  lower  jaw.  The  first  part  of  the  first  period  of  deglutition,  therefa 
is  simple ;  but  when  the  food  has  passed  beyond  the  hard  palate,  it  comes  in 
contact  with  the  hanging  velum,  and  the  muscles  are  brought  Into  action 
which  render  this  membrane  tense  and  oppose  it  in  a  certain  degree  to  the 
backward  movement  of  the  base  of  the  tongue.  This  is  effected  by  the  action 
of  the  tensor-palati  and  the  palato-glossus.  The  moderate  tension  of  the  soft 
palate  tKlmits  of  its  being  applied  to  the  smaller  morsels,  while  the  opening 
is  dilated  somewhat  forcibly  by  masses  of  greater  aise. 

It  is  easy  to  see^  in  analyzing  the  first  period  of  deglutitioa,  tliat  liquids 
and  the  softer  articles  of  food  are  assiste<i  in  their  pa;ssage  to  the  isthmus  of 
the  fauces  by  a  slight  suction  force.  This  is  effected  by  the  action  of  the 
muscles  of  the  tongue,  elevating  the  sides  and  depressing  the  centre  of  the 
dorsum,  wliile  the  soft  palate  is  applied  to  the  base. 

The  importance  of  the  movements  of  the  tongue  during  the  first  period 
of  deglutition  is  shown  by  experiments  on  the  inferior  animals  and  by  casos 
of  loss  of  this  organ  in  the  human  subjet^t.  In  the  case  of  a  young  girl, 
reported  by  De  Jussieu  (1718),  in  which  there  was  congenital  absence  of  the 
tongue,  deglutition  Wiis  impossible  until  the  food  had  been  pushed  with  the 
finger  far  bjM?k  into  the  mouth.  In  cases  of  amputation  of  the  tongue,  a  por- 
tion of  its  base  generally  remains,  which  is  sufficient  to  press  against  the 
palate  and  thus  act  in  the  first  period  of  deglutition. 

The  movements  in  the  first  period  of  deglutition  are  under  the  control  of 
the  will  but  are  generally  automatic*  When  the  food  has  been  thoroughly 
masticated,  it  requires  an  effort  to  prevent  the  act  of  swallowing.  In  this 
respect,  the  movements  are  like  the  acts  of  respiration,  except  that  the  imper- 
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ative  necessity  of  air  in  the  system  must,  in  a  short  time,  overcome  any  vol- 
untary effort  by  which  respiration  has  been  arrested. 

The  second  period  of  deglutition  involves  more  complex  and  important 
muscular  action  than  the  first.  By  a  rapid  succession  of  movements,  the  food 
is  made  to  pass  through  the  pharynx  into  the  oesophagus.  The  movements 
are  then  entirely  beyond  the  control  of  the  will  and  belong  to  the  kind  called 
reflex.  After  the  alimentary  mass  has  passed  beyond  the  isthmus  of  the 
fauces,  it  is  easy  to  observe  a  sudden  and  peculiar  movement  of  elevation  of 
the  lar}Tix,  by  the  action  of  muscles  which  usually  depress  the  lower  jaw,  but 
which  are  now  acting  from  this  bone  as  the  fixed  point.  The  muscles  which 
produce  this  movement  act  chiefly  upon  the  hyoid  bone.  They  are  the  di- 
gastric (particularly  the  anterior  belly),  the  mylo-hyoid,  the  genio-hyoid,  the 
stylo-hyoid  and  some  of  the  fibres  of  the  genio-glossus.  It  is  probable,  also, 
that  the  thyro-hyoid  acts  at  this  time  to  draw  the  larynx  toward  the  hyoid  bone. 
With  this  elevation  of  the  larynx,  there  is  necessarily  an  elevation  of  the  ante- 
rior and  inferior  portions  of  the  phar3mx,  which  are,  as  it  were,  slipped  under 
the  alimentary  bolus  as  it  is  held  by  the  constrictors  of  the  isthmus  of  the  fauces. 

Contraction  of  the  constrictor  muscles  of  the  phar3mx  takes  place  almost 
simultaneously  with  the  movement  of  elevation ;  and  the  superior  constrictor 
is  so  situated  as  to  grasp  the  morsel  of  food,  and  with  it  the  soft  palate.  The 
muscles,  the  constrictors  acting  from  the  median  raphe,  draw  up  the  anterior 
and  inferior  walls  of  the  pharynx  and  pass  the  food  rapidly  into  the  upper 
part  of  the  oesophagus.  All  these  complex  movements  are  accomplished 
with  great  rapidity,  and  the  lar3mx  and  pharynx  are  then  returned  to  their 
original  position. 

Protection  of  the  Posterior  Nares  during  the  Second  Period  of  Degluti- 
tion,— When  the  act  of  deglutition  is  performed  with  regularity,  no  portion 
of  the  liquids  and  solids  swallowed  ever  finds  its  way  into  the  air-passages. 
The  entrance  of  foreign  substances  into  the  posterior  nares  is  prevented  in 
part  by  the  action  of  the  superior  constrictors  of  the  pharynx,  which  embrace, 
during  their  contraction,  not  only  the  alimentary  mass,  but  the  velum  pend- 
ulum palati  itself,  and  in  part,  also,  by  contraction  of  the  muscles  which  form 
the  posterior  pillars  of  the  soft  palate. 

During  the  first  part  of  the  second  period  of  deglutition,  the  soft  palate  is 
slightly  raised,  being  pressed  upward  by  the  morsel  of  food.  This  fact  has 
been  observed  in  cases  in  which  the  parts  have  been  exposed  by  surgical  oper- 
ations, and  its  mechanism  has  also  been  observed  in  the  human  subject,  by 
Bidder  and  by  Kobelt. 

While  the  food  is  passing  through  the  pharynx,  the  palato-pharyngeal 
muscles,  which  form  the  posterior  pillars  of  the  soft  palate,  are  in  a  con- 
dition of  contraction  by  which  the  edges  of  the  pillars  are  nearly  approxi- 
mated, forming,  with  the  uvula  between  them,  almost  a  complete  diaphragm 
between  the  postero-superior  and  the  antero-inferior  parts  of  the  pharynx. 
This,  with  the  application  of  the  posterior  wall  of  the  pharynx  to  the  superior 
face  of  the  soft  palate,  completes  the  protection  of  the  posterior  openings  of 
the  nasal  fossae. 
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Protection  of  ike  Opening  of  the  Larynx  and  Uses  of  the  EpiglottU  in 

Deglutition, — The  entrance  of  the  smallest  quantity  of  solid  or  liquid  foreigo 
mutter  iuto  the  larynx  produces  a  violent  cough.  This  at*nident  is  of  noi 
infrequent  wxmrrence,  especially  when  an  act  of  inspiration  is  ioadven* 
ently  |>erformed  while  solids  or  liquids  are  in  the  pliaryni.  Ihiring  inspt- 
ration,  the  glottis  is  opened,  and  at  that  time  only  C4in  a  subdtance  of  any 
condiderable  size  find  its  way  into  the  respiratory  passages.  Respiration  is  in- 
terrupted, however,  during  each  and  every  act  of  deglutition  5  and  there  <^n, 
therefore,  be  hardly  any  tendency  at  that  time  to  the  entrance  of  foreign  m\%- 
stances  into  the  larvnx.  During  a  regular  act  of  swallowing^  nothing  can  find 
its  way  into  the  respiratory  passages,  so  complete  is  the  protection  of  the  larynx 
during  the  ixriod  when  the  food  passes  through  the  pharynx  into  thecesophagus. 

It  is  evident,  from  the  anatomy  of  the  parts  and  the  necessary  results  of 
the  coutrai^'tions  of  the  musi^lea  of  deglutition,  that  while  the  food  is  passing 
through  the  pharynx,  the  larviix,  by  it^  elevation,  passes  under  the  t«iig:ne  ai 
it  moves  backward,  and  the  8oft  base  of  thiii  nrgan  is,  as  it  w^re^  mouliled 
over  the  glottis.  With  the  parts  removed  from  the  human  subject  or  from 
one  of  the  inferior  animals,  the  mitural  movements  of  the  tongue  and  laryiit 
can  be  imitated,  and  it  is  seen  that  they  must  be  sufficient  to  protect  the 
lar\Tix  from  the  entrance  of  solid  or  semi -solid  particles  of  food,  p^irticu- 
larly  when  it  is  remembered  how  the  alimentary  particles  are  agglutinated 
by  the  saliva  and  how  easy  their  passage  becomes  over  the  membrane  coate<J 
with  mucus.  It  is  impossible,  also,  for  the  muscles  of  the  phar}Tix:  to  cx)n- 
tract  without  drawing  together  the  sides  of  the  larynx,  to  which  they  are 
attached,  and  assisting  to  close  the  glottis.  At  the  same  time,  as  the  move- 
ments of  respi ration  are  arrested  during  deglutition,  the  lips  of  the  glottis 
fall  together,  as  they  always  do  except  in  inspiration.  In  addition  to  this 
passive  and  incomplete  approximation  of  the  vi^cal  chords,  it  has  repeatedly 
been  obsen'ed  that  the  lips  of  the  glottis  are  accurately  and  firmly  closed 
during  each  act  of  deglutition. 

Longet  justly  attached  great  importance  to  the  acute  sensibility  of  th© 
top  of  the  larynx  in  preventing  the  entrance  of  foreign  substanoas.  His 
experiments  of  dividing  all  the  nervous  filaments  distributed  to  the  intrinsic 
muscles  show  that  their  action  is  not  essential ;  but  after  division  of  the 
superior  laryngeal — the  nerve  which  gives  sensibility  to  the  parts — ^he  found 
that  liquids  occasionally  passed  in  small  quantity  into  the  trachea* 

With  reference  to  the  action  of  the  epiglottis  in  contributing  to  the  pro- 
tection of  the  larynx  during  the  second  period  of  deglutition,  obser>'ations  00 
the  human  gul>ject  only  are  to  be  relieil  upon.  Such  observations,  in  cases  of 
loss  of  the  epiglottis  especially,  siiow  that  this  part  is  necessary  to  the  com* 
plete  protection  of  the  larynx.  While  loss  of  the  epiglottis  may  not  inter- 
fere always  with  the  perfect  deglutition  of  solids,  and  even  of  liquids,  parti- 
cles of  fixwi  and  lif[ui<ls  frequently  find  their  way  into  the  laryTix,  and 
deglutition  is  often  effected  with  difficulty,  showing  that  complete  protection 
of  the  larynx  at  all  times,  does  not  exist  unless  the  epiglottis  be  intact. 

To  appreciate  the  meclianism  by  which  the  oj>ening  of  the  larynx  is  pro- 
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tected  during  the  deglutition  of  solids  and  liquids,  one  has  only  to  carefully 
follow  the  articles  as  they  pass  over  the  inclined  plane  formed  by  the  back 
of  the  tongue. and  the  anterior  and  inferior  part  of  the  pharynx.  As  the 
food  is  making  this  passage  in  obedience  to  the  contraction  of  the  muscles 
which  carry  the  tongue  backward,  draw  up  the  larynx  and  constrict  the 
pharynx,  the  soft  base  of  the  tongue  and  the  upper  part  of  the  larynx  are 
applied  to  each  other,  with  the  epiglottis,  which  is  now  inclined  backward, 
between  them ;  at  the  same  time  the  glottis  is  closed,  in  part  by  the  action 
of  the  constrictor  muscles  attached  to  the  sides  of  the  thyroid  cartilages,  and 
in  part  by  the  action  of  the  intrinsic  muscles.  If  the  food  be  tolerably  con- 
sistent and  in  the  form  of  a  single  bolus,  it  slips  easily  from  the  back  of  the 
tongue  along  the  membrane  covering  the  anterior  and  inferior  part  of  the 
pharynx;  but  if  it  be  liquid  or  of  soft  consistence,  a  portion  takes  this 
course,  while  another  portion  passes  over  the  epiglottis,  being  directed  by  it 
into  the  two  grooves  by  the  side  of  the  larynx.  It  is  by  these  means, 
together  with  thosa  by  which  the  posterior  nares  are  protected,  that  all  solids 
and  liquids  are  passed  into  the  oesophagus,  and  the  second  period  of  degluti- 
tion is  safely  accomplished. 

The  third  period  of  deglutition  is  the  most  simple  ot  all.  It  merely 
involves  contractions  of  the  muscular  walls  of  the  oesophagus,  by  which  the 
food  is  passed  into  the  stomach.  The  longitudinal  fibres  shorten  the  tube 
and  slip  the  mucous  membrane,  lubricated  by  its  glairy  secretion,  above  the 
bolus ;  while  the  circular  fibres,  by  a  progressive  peristaltic  contraction  from 
above  downward,  propel  the  food  into  the  stomach.  In  experiments  on  the 
lower  animals,  it  has  been  observed  that  while  the  peristaltic  contractions  of 
the  upper  two-thirds  of  the  tube  is  immediately  followed  by  a  relaxation, 
which  continues  till  the  next  act  of  deglutition,  the  lower  third  remains  con- 
tracted generally  for  about  thirty  seconds  after  the  passage  of  the  food  into 
the  stomach.  During  its  contraction,  this  part  of  the  oesophagus  is  hard, 
like  a  cord  firmly  stretched.  This  is  followed  by  relaxation;  and  alter- 
nate contraction  and  relaxation  continue,  even  when  the  stomach  is  empty, 
although,  during  digestion,  the  contractions  are  frequent  in  proi)ortion  to  the 
quantity  of  food  in  the  stomach.  The  contraction  is  always  increased  by 
pressing  the  stomach  and  attempting  to  pass  some  of  its  contents  into  the 
oesophagus  (Magendie).  Tliis  provision  is  important  in  preventing  regurgi- 
tation of  the  contents  of  the  stomach,  especially  when  the  organ  is  exposed 
to  pressure,  as  in  urination  or  defecation. 

An  approximate  estimate  of  the  duration  of  the  acts  of  deglutition  is 
given  in  the  following  quotation  from  Landois  : 

"  According  to  Meltzer  and  Kronecker,  the  duration  of  deglutition  in  the 
mouth  is  0*3  sec. ;  then  the  constrictors  of  the  pharynx  contract  0*9  sec. ; 
afterward,  the  upper  part  of  the  oesophagus;  then  after  1-8  sec.  the  middle; 
and  after  another  3  sec.  the  lower  constrictor.  The  closure  of  the  cardia, 
after  the  entrance  of  the  bolus  into  the  stomach,  is  the  final  act  in  the  total 
series  of  movements." 
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The  entire  process  of  deglutition,  therefore,  occupies  about  rix  secondii 

Tlie  tniiscular  movements  which  take  place  during  all  the  periods  of  de^^- 
lutition  are  peeiiliiir.  The  first  act  is  generally  automatic,  but  it  is  under 
the  control  of  the  will.  The  second  act  is  involuntary  when  once  begun, 
but  it  may  be  excited  by  the  voluntary  passage  of  solids  or  liquids  beyon*! 
the  vehim  pendulum  palati.  It  is  impossible  to  perform  the  second  act 
of  deglutition  unless  there  be  some  article,  either  solid  or  liquid,  in  the 
pharynx.  It  is  ea^y  to  make  three  or  four  successful  efforts  consecutively,  in 
which  there  is  elevation  of  the  larynx,  with  all  the  other  characteristic  move- 
ments; but  a  little  attention  will  show  that  with  each  act  a  small  quantity  of 
saliva  is  swallowed.  When  the  efforts  have  been  fi*equently  repeated,  the 
movements  become  impossible,  until  time  enough  has  elapsed  between  them 
for  the  s^iliva  to  collect 

All  the  movements  of  deglutition,  except  those  of  the  first  periotL  must 
be  regarded  iis  reflex,  depending  upon  an  impression  miuie  upon  the  afferent 
nerves  distributed  to  the  mucous  membrane  of  the  phar^Tix  and  cpsophagus. 

The  position  of  the  bo<ly  has  little  to  do  with  tlie  facility  with  which  deg- 
lutition is  effected.  Liquids  or  solids  may  be  swallowed  indifferently  in  all 
postures.  Berard  siiw  a  juggler  pass  an  entire  bottle  of  wine  from  the  mouth 
to  the  stomach,  while  standing  on  his  head.  The  same  feat  was  accom- 
plished with  apparent  ease,  by  a  juggler  who  drank  three  glasses  of  beer 
wliile  standing  on  his  hands  in  the  inverted  posture  (Flint). 

Det/hififioH  of  Air, — In  his  essay  on  the  mechanism  of  vomiting,  Ma- 
gendie  stated  that  as  soon  as  nausea  occurred  the  stomach  began  to  fill 
with  air,  so  that  before  vomiting  occurred,  the  organ  betuime  tripled  in  sixe* 
Magendie  showed,  fathermore,  that  the  air  entered  the  stomach  by  the  <r9oph- 
agiis,  for  the  distention  occurred  when  the  pylorus  was  ligat^*  In  a  sub- 
sequent memoir,  the  question  of  the  deglutition  of  air,  aside  from  the  small 
quantity  which  is  incorporated  mth  the  food  during  mastication  and  insali- 
vation,  was  farther  investigateti.  It  was  found  that  some  persons  had  the 
faculty  of  swallowing  air,  and  by  practice,  Magendie  himself  was  able  to  ac- 
quire it,  althougli  it  occasioned  such  distress  that  it  was  discontinued.  Out 
of  a  hundred  students  of  medicine,  eight  or  ten  were  found  able  to  swallow 
air. 

It  IS  not  Tery  uncommon  to  find  persons  who  have  gradually  acquired  the 
habit  of  swallowing  air,  in  order  to  relieve  uncomfortable  sensations  in  the 
stomach ;  and  when  confirmed,  it  occasions  persistent  disorder  in  digestion. 
Quite  a  number  of  Ciises  of  this  kind  were  reported  by  Magendie,  and  in  sev- 
eral it  was  carried  to  such  an  extent  as  to  produce  great  distention  of  the 
abdomen.  A  curious  case  of  habitual  air-swallowing  was  observed  by  the  late 
Dr.  Austin  Flint  and  is  reported  in  his  work  on  the  Practice  of  Medicine. 
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Phy«iolog:ical  anatomy  of  the  stomach — Glands  of  the  stomach— Cloeed  follicles— Gastric  Jnice— Gastric 
flstola  in  the  human  subject  in  the  case  of  St.  Martin— Secretion  of  the  gastric  j  a  ice— Properties  and 
composition  of  gastric  jaice— Action  of  the  gastric  jnice  in  digestion — Peptones — Action  of  the  gastric 
jalce  npon  fats,  sogara  and  amylaceoos  substances— Duration  of  gastric  digestion— Conditions  which  in- 
fluence gastric  digestion— Movements  of  the  stomach. 

Physiological  Anatomy  of  the  Stomach. 

The  stomach  serves  the  double  purpose  of  a  receptacle  for  the  food  and 
an  organ  in  which  certain  important  digestive  processes  take  place.  It  is 
situated  in  the  upper  part  of  the  abdominal  cavity  and  is  held  in  place  by 
folds  of  the  peritoneum  and  by  the  oesophagus.  Its  form  is  not  easily  de- 
scribed. It  has  been  compared  to  a  bagpipe,  which  it  resembles  somewhat, 
when  moderately  distended.  When  empty,  it  is  flattened,  and  in  many  parts 
its  opposite  walls  are  in  contact.  When  moderately  distended,  its  length  is 
thirteen  to  fifteen  inches  (33  to  38  centimetres),  its  greatest  diameter,  about 
five  inches  (12'7  centimetres),  and  its  capacity,  one  hundred  and  seventy-five 
cubic  inches  (2,868  c.  c),  or  about  five  pints.  The  parts  usually  noted  in 
anatomical  descriptions  are  the  following :  a  greater  and  a  lesser  curvature ; 
a  greater  and  a  lesser  pouch;  a  cardiac,  or  CBsophageal  opening;  a  pyloric 
opening,  which  leads  to  the  intestinal  canal.  The  great  pouch  is  sometimes 
called  the  fundus. 

The  coats  of  the  stomach  are  three  in  number ;  the  peritoneal,  muscular 
and  mucous.  By  some  anatomists  the  fibrous  tissue  which  unites  the  mucous 
to  the  muscular  coat  is  regarded  as  a  distinct  covering  and  is  called  the 
fibrous  coat. 

Peritoneal  Coat. — This-  is  simply  a  layer  of  peritoneum,  similar  in  struct- 
ure to  the  membrane  which  covers  the  other  abdominal  viscera.  It  is  a  re- 
flection of  the  membrane  which  lines  the  general  abdominal  cavity,  which, 
on  the  viscera,  is  somewhat  thinner  than  it  is  on  the  walls  of  the  cavity. 
Over  the  stomach  the  peritoneum  is  yj^  to  -^  of  an  inch  (83  to  lib  fi) 
in  thickness.  It  is  a  serous  membrane  and  consists  of  ordinary  fibrous 
tissue  with  a  considerable  number  of  elastic  fibres.  It  is  closely  adherent 
to  the  subjacent  muscular  coat  and  is  not  very  abundantly  supplied  with 
blood-vessels  and  nerves.  Lymphatics  have  been  demonstrated  only  in  the 
subserous  structure.  The  surface  of  the  peritoneum  is  everywhere  covered 
with  regularly  polygonal  cells  of  pavement  endothelium,  closely  adherent  to 
each  other  and  presenting  a  perfectly  smooth  surface  which  is  moistened 
with  a  small  quantity  of  liquid.  An  important  office  of  this  membrane  is  to 
present  a  smooth  surface  covering  the  abdominal  parietes  and  viscera,  so  as 
to  allow  free  movements  of  the  organs  over  e:ich  other  and  against  the  walls 
of  the  abdomen. 

Muscular  Coat, — Throughout  the  alimentary  canal,  from  the  cardiac 
opening  of  the  stomach  to  the  anus,  the  muscular  fibres  forming  the  middle 
coat  are  of  the  non-atriated  variety.     These  fibres,  called  sometimes  niuscu- 
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lar  fibre-cells,  are  very  pale,  with  faint  ootlines,  fusiform  or  spindle-jsliaped^ 

and  contain  each  an  oval,  longitudinal  nucleus.  They  are  cloiseiy  ji'llr 
ent  by  tbeir  sidns^  and  are  so  arranged  as  to  dovetail  into  each  ^ 
forming  sheets  of  greater  or  less  thickness,  depending  upon  the  numl>t*r 
of  their  layers.  The  muscular  coat  of  the  stomach  varies  in  tliickness  in 
diiTercut  aninials.  In  tlie  liuman  subject,  it  is  thickest  in  the  region  of  the 
pylorus  and  is  thinnest  at  the  fundus.  Its  average  thickness  is  about  ^  uf 
an  inch  (1  mnu).  In  the  pylorus  its  thickness  ib  ^^  to  y^  of  an  inch  (MS  to 
'41  mm.),  and  in  the  fundus,  ^  to  ^  of  an  inch  (0^5  t-o  0-7  mm.). 

The  muscular  fibres  exist  in  the  stomach  in  two  principal  layers ;  an  ex- 
ternal longitudinal  layer  and  an  internal  circular  layer^  with  a  third  kyer  of 
oblique  fibres  extending  over  the  great  pouch  only^  which  is  internal  to  the 
circular  layer.     The  longitudinal  fibres  are  continued  from  the  «•  i^ 

and  are  most  marked  over  the  lesser  curvature.     They  are  not  ■  -I 

very  distinctly  over  the  rest  of  the  stomach.  The  circular  atid  oblique 
fibres  are  best  seen  with  the  organ  everted  and  the  mucous  membrane  caifx*- 
fully  removed.  The  circular  layer  is  not  very  distinct  to  the  left  of  the  car- 
diac opening,  over  the  great  pouch.  Toward  the  pylorus,  the  Uyers  of  fibres 
are  thicker,  and  at  the  opening  into  the  duodenum,  they  form  a  powerful 
muscular  ring,  which  is  sometimes  called  the  spliiueter  of  the  pylorus,  or  the 
pyloric  muscle.  At  this  point  they  project  considerably  into  the  interior  uf 
the  organ  and  cease  abruptly  at  the  opening  into  the  duodenum,  »o  as  to  form 
a  sort  of  valve,  presenting,  wlien  contracted,  a  flat  surface  looking  toward  the 


FlO*  ^7 .—Longittidinal  fihrftf  of  the  titanmvh  iSapptyi 
r  curvature  :  2,  a,  pren.t^'r  curvatutv  ;  3,  Kreater  jhhi^'Vi  :  i.  t«'>LH*'r  |Hiucb  ;  S,  <S.  0,  lower  eod  of  tti# 
ceaoptkagus ;  7,  ?,  pyjorun :  a  h.  ton^rihiditml  fll>n>N  .if  •.  ruur«? ;  9,  AbriM  esrtendlu^  ov»-r 

the  i^reater  uurvaturp  ;  10.  lO.  n  verj'  t*^'»  laytT  *«f  I  vtr  ih«  anterior  surtaee  of  Lht^ 

atomach  ;  11,  circuJar  I1bn?8  seeo  thVoujpU  the  Oiin  1 1  ■    iiuJ  fibrt*. 

intestine.     The  oblique  layer  takes  tlie  place,  in  great  part,  of  the  circuhir 
fibres,  over  the  great  pouch.     It  extends  obliquely  over  the  fundus  from  left 
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to  right  and  ceases  at  a  distinct  line  extending  from  the  left  margin  of  the 
>phagus  to  about  the  junction  of  the  middle  with  the  hi5t  third  of  the 
eat  curvature.  At  about  the  line  where  the  oblique  layer  of  fibres  ceases 
the  stomach  becomes  constricted  during  the  movements  which  are  incident 
digestion,  dividing  the  organ  into  tolerably  distinct  compartments. 
The  blood- veasek  of  the  musouhir  coat  arc  quite  abundant  and  are  arranged 
.  peculiarf  rectangular  net- work,  wliich  they  always  present  in  the  non- 


Ijo 


Fro.  68L— ^ibn-jr  trfti  with  TA**  xtonmth  m^ertal  ^Sftjipey), 
^1,  rifSDpIiiifCiJK  ;  2,  drcuLiir  fibres  at  the  feflophafTt^al  opeiiini^  ;  ^,  3,  circular  Ithres  At  Ihe  lf«8er  ctirvA- 
tun?  ;  4,  i,  t.irctikir  llbn*K  nt  rht?  pj^loini*  ;  5^  5.  tt,  T,  H,  oblir|tie  fibrfs  ;  U,  10,  fibres  of  tbia  layer  cowr* 
figtvM^^r  pouoli :  il.  ixtrtiou  of  the  BU>mAeb  froiii  which  these  fibres  have  been  removed  to 
isubjft42eai  dreular  tthrvA, 


riated  muscular  tissue.     The  nerves  come  from  the  pnenmogastrica  and  the 
m  pathetic  system  and  are  demonstrated  w4th  ditliculty, 
MuroHM  CoaL — The  mucous  mem-  ^ 

brano  of  the  stomach  is  soft  and  vel- 
vety in  appearance  and  of  a  reddi.*li- 
gray  color.  It  ij?  looscdy  attached  Ut 
the  submucous  muscular  tissue  imd  is 
irown  into  large,  longitudinal  folds, 
iich  become  etiaced  m  the  organ  is 
I  If  the  raucous  membrane 
ited  or  if  the  stomach  lie 
evertCNi  and  distended  and  the  mucus 
guntly  removed  under  a  stream  of 
iter,  the  membrane  will  be  found 
marked  witb  polygonal  pits  or  de- 
pre^ions,  enclosed  by  ridges,  which,  ^**;,^^ 
Jn  some  part*  of  the  organ,  are  quite 
alar.     These  are  beat  seen  ivith 


A*-^'. 


•  •• 


^: 


,   i.,    ,h'    „iucous  mtfmbrane  of  the 
xtomftch^  and  on  fires  of  the  gUindn  ;  n%agnified 

t,  1,1,  a,  2,  2,  3,  pita  of  dlfTfivnt  rIsecs  ;  4,  fi,  oriaces 
of  the  ga8tric  ^lanilB^ 
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the  aid  of  a  simple  lens,  as  many  of  them  are  quite  smalL  The  diameter  ol 
the  pits  h  very  variablo,  but  the  average  is  about  ^^  of  an  inch  ( 0-1 25  ram,). 
This  appearan«?e  is  nut  distinct  toward  the  pylorus;  the  membrane  here  pn*- 
seuting  irregtilar,  conical  projections  and  well  marked  ^illi  resembling  thosi* 
found  in  the  small  intestine.  The  surface  of  the  mucous  memlirane  is^  rov- 
ered  with  columnar  or  prismoidal  epithelium,  the  cells  being  tolerably  regnUr 
in  shape,  each  with  a  cle4ir  nucleus  and  a  distinct  nucleolus.  Acoording  to 
Landois,  these  cells,  which  he  calls  '*  mncus-secreting  goh* 
JSk  jSrh  let-cells,"  have  a  clear  portion  occupying  their  outer  half, 
■  J  L  *  which  is  open  and  discharges  a  viscid  secretion* 
^^fl    IIh  ^^^^  thickness  of  the  mucous  membrane  of  the  stom- 

^S     ^m  ach  varies  in  different  parts.     Usually  it  is  thinnest  near 

^R     V  the  opsophagus  and  thickest  near  the  pylorus.     Its  thin* 

^      I  nest  t>ortion  me^isures  iV  ^^^  Vt  ^^  ^^  ^^^^  (0-34  to  o%> 

mm,);  its  thickest  portion,  ^  to  ^^  of  an  inch  (l-i>  to 
2'1  mm.),  and  the  intermediate  portion,  about  /^  of  an 
inch  (1  mm.)* 

Glands  of  ihe  Stomach. — Extending  from  the  bottoms  of  the  pits  in  the 
mucous  membrane  of  the  stomach  to  the  submucous  connective  tissue,  are- 
large  numl>ers  of  glands.      These  generally  are  arrangecl  in  tolerably  dis- 
tinct groups,  surrounded  by  fibrous  tissue,  each  group  belonging  to  one  of 
the  polygonal  depressions.     The  tissue  which  connects  the  tubes  is  dense  but ' 
not  abundant.     There  are  marked  differences  in  the  anatomy  of  the  glandfl^ 
in  different  parts  of  the  stomach,  which  are  supposed  to  correspond  with 
differences  in  the  uses  of  various  parts  of  the  mucous  membrane.     There  are, 
indeed,  two  distinct  varieties  of  glands;  the  peptic  glands,  which  sei^reta' 
pepsine,  or  an  organic  substance  that  is  readily  changed  into  pepsine,  and  tlte 
acid-glands,  which  are  supposed  to  secrete  free  hydrochloric  acid.     The  pep 
tic  glands  are  most  abundant  in  the  pyloric  portion  of  the  stomach  and] 
around  the  cardiac  opening.     The  so-called  ai-id-glands  are  found  thr«>ngh* 
out  the  mucous  membmne,  especially  in  the  greater  pouch.     The  secretion 
in  the  pyloric  portion  of  the  stomach  is  not  acid  at  any  time,  wiiile  the  se- 
cretion in  the  greater  pouch,  during  digestion,  is  always  strongly  acid,     Thft, 
difference  in  the  action  of  these  two  kinds  of  glands  is  supposed  to  depend  ! 
upon  differences  in  the  secreting  cells. 

The  pyloric  glands  are  lined  by  cells  which  may  be  called  |>cptic  cells  (the  i 
chief-cells  of  German  writers),  conoidal  or  cuboidal  in  form,  and  relatively" 
clear,  especially  during  the  inter%^als  of  digestion.     Similar  cells  are  found,  in 
connection  with  the  su-called  acid-cells  (pariettd  cells)  in  the  secreting  por- 
liun  of  the  glands  of  the  greater  puueh. 

The  acid-glands  are  found  throughout  the  stomach,  except  near  the  pylo* 
rus.  The  secreting  portion  of  these  glands  contains  peptic  cells,  but  near 
the  tubular  membrane  arc  rounded  cells,  larger  than  the  peptic  cells,  darker 
and  more  granular,  which  are  tlie  acid,  or  parietal  cells.  These  are  strongly 
stained  when  treated  with  osmic  acid  (Nussbaum).  It  is  probable  that  the 
eo-called  acid-glands  secrete  pepsine  as  well  as  an  acid,  while  the  pyloric 
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glands  secrete  p^psine  but  no  aeid.  According  to  the  views  just  stated,  iii 
the  gliinds  of  the  greater  pouch,  the  acid  is  secreted  by  the  rotmdcd  acid*eoll3 
while  the  pcp&ine  is  st^cretcd  by  cells  (peptic  cells)  similsir  to  those  which  Hue 
the  secreting  portion  of  the  pyloric  glands.  During  the  intervals  of  diges- 
tion, pejiftine  is  in  process  of  formation  hy  the  peptic  eella,  and  no  acid  is 
proiluced ;  but  acid  begins  to  be  secreted  soon  after  food  ii*  received  into  the 
sUiniacdt.  It  is  now  thought  that  the  peptic  cells  do  not  produce  pepsine 
dire**tly,  but  a  substance  sometimes  called  z^Tiiogen,  but  more  properly  pro- 
pepsiue  or  i>epsinogen,  which  is  changed  into  true  i)epsine  by  the  action  of 
hydrochloric  acid. 

There  is  some  confusion  among  writers  with  regard  to  the  names  of  the 
different  kinds  of  secreting  cells  of  the  stomach,  the  acid -cells  being  fre- 
quently deecribed  as  *'  peptic  cells,"    It  seems  proper,  however,  to  call  the 
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cells  which  province  pepsine,  peptic  cells,  and  the  cells  that  are  supposed  to 
produce  acid,  acid-cells. 

The  glands  of  the  stomach  have  an  excretory  portion  and  a  secreting 
portion,  the  latter  presenting  several  brandies.  The  excretory  portion  h 
lined  by  cells  like  those  found  on  the  surface  of  the  mucous  membrane. 
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The  secreting  portion  is  lined  by  the  peptic  and  the  acid-ceils  already 
described.  In  Fig.  61  the  diirker  cells  are  the  aeid^eells,  and  the  lighter 
cells,  the  peptic  cells.  In  Fig.  6*^  the  secreting  portion  contains  peptic  c^lU 
only. 

Closed  FoUickit, — In  the  substance  of  the  mucous  raembrant-- ' 
tubes  and  near  their  c«cal  extremities,  are  occasionally  found  cl* 
like  the  solitary  glands  and  patches  of  Peyer  of  the  inteBtines.  The^se  are 
not  always  present  in  the  adult  but  are  generally  found  in  childreiu  They 
are  usually  most  abundant  over  the  greater  curvature,  though  they  may  bt* 
found  in  other  sittuitions.  In  their  anatomy  they  are  identical  with  the  chma^ 
foHieles  of  the  intestines,  and  they  do  not  demand  gpeeial  consideration  in 
this  connection. 

GaMrir  Jffic4*. — The  observationa  of  Beaumont  upon  Alexis  8t  Martin, 
the  t'anudian  who  had  a  large  fistulous  opening  into  the  stomach,  gave  the 
first  definite  knowledge  of  the  most  important  of  the  physiological  properties 
of  the  gastric  juice.  St.  Martin » the  subject  of  these  observations,  received  a 
gun&hot  wound  in  the  left  side,  at  the  age  of  eighteen  years,  being  at  the  time 
of  good  constitution  and  in  perfect  health.  He  slowly  recovered  from  the 
injury,  and  after  tliree  years,  having  regained  his  health,  was  made  the  sub- 
ject of  a  great  number  and  variety  of  experiments.  Although  the  general 
health  had  been  restored,  there  remaintHl  a  perforation  into  the  stomach, 
irregularly  circular  in  form  and  nearly  an  inch  (2-5  centimetres)  in  diameter. 

This  opeuing  was  cloeed 
by  a  protrusion  of  the 
mucous  membrane  in  the 
form  of  a  valve,  which 
could  readily  be  de- 
pressed by  the  fingej  so 
as  to  expose  the  interior 
of  the  stoma(di. 

From  May,  1825,  un- 
til August  of  the  same 
yean  St.  Martin  was  un- 
der the  observation  of 
Beaumont  At  the  end 
of  that  time  he  wa§  lost 
sight  of  for  four  years. 
He  then  came  again  un- 
der the  observation  of 
Beaumont  and  continued 

qpeninff  into  tbe  atoiuiieh  :  r,  left  nipple ;  .       ,  .  .         ^    . 

D,  ehMt ;  B,  ctcatrioee  from  the  wound  nuwle  for  the  rvmovaJ  of  m   his  service^  doing  the 
A  piece  of  cmtfUige ;  r,  r,  w^  cjcatrices  of  the  ori^n&l  wouutL  i        *  m 

work  of  a  servant*  until 
March,  1831.  After  this  he  was  under  obsenatiou  from  time  t*>  time  until 
18SG,  always  enjoying  perfect  health,  with  good  digestion.  The  last  pub- 
lished observations  made  upon  this  case  were  in  1850. 

The  following  was  the  method  employed  by  Beaumont  in  extracting  the 
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gastric  juice :  The  subjeet  wjis  placed  on  the  right  side  in  the  recumbent 
posture,  the  valve  was  depressed  within  the  aperture,  and  a  guni-ehigtic  tube, 
of  the  size  of  a  large  quill,  wa^  })as8ed  into  the  stomaeli  to  the  extent  of  five 
to  six  inches  (12  to  15  centimetres).  On  turning  him  upon  the  left  side 
until  the  oi>eniug  became  dejiendent,  the  stimulation  of  the  tube  caused  the 
secretion  to  flow,  sometimes  in  drops  and  sometimes  in  a  small  stream. 

Since  the  publication  of  13eaumont^s  experiments,  many  observations 
have  been  ma*le  upon  animals  in  which  a  permanent  gastric  tistida  bad  been 
established.  In  these  experiments  the  dog  is  most  frequently  used,  as  in  this 
animal  the  operation  usually  ia  successful*  The  animals  operated  upon  by 
'Bassow,  who  was  the  first  to  establish  a  gastric  fistula  (1842),  were  merely 
objects  of  curiosity;  but  Blondlot  (1843)  and  others  lixed  a  tube  in  the 
stomachy  colJected  the  juice  and  made  important  observations  with  regard  to 
it8  action  in  digestion*  Most  experimenters  follow  the  method  employed  by 
Blondlot  and  Bernard,  making  the  o]>ening  in  the  abdomen  in  the  median 
liue,  a  little  below  the  ensiform  cartilage. 

Having  established  a  permanent  fistula  into  the  stomach,  after  the  wound 
lias  cicatrized  around  the  eanula,  the  animal  suffers  no  inconvenience  and 
'may  gerve  indetinitely  for  experiments  on  the 
gastric  juice.  In  some  experiments,  the  flow  of 
.gastric  juice  has  been  excited  by  the  introduc- 
tion into  the  stomach,  of  pieces  of  tendon  or 
hanl,  indigestible  articles,  on  the  ground  that 
the  fluiil  taken  from  the  fistida,  under  tht»se  con- 
editions,  is  unmixed  with  tlie  products  of  gastric 
digestion  ;  but  it  has  been  shown  Uiat  the 
K  quantity  and  character  of  the  secretion  are  in- 
(fluenced  by  the  nature  of  the  stimulus,  and  it  is 
arojMjr,  therefore,  to  excite  the  action  of  the 
etumai'h  by  articles  which  are  relished  by  the 
aniutal.  For  this  purpose,  lean  meat  may  be 
given,  cut  into  pieces  so  small  that  they  will  l)t> 
swallowed  entire,  and  tirst  thrown  into  boiling 
water  so  that  their  exterior  may  become  some- 
what hardened.  The  cork  is  then  removtHl  from 
the  tube,  which  is  freed  from  mucus  etc.,  when 
the  gastric  juice  will  begin  to  flow,  sometimes 
mediately  ai^d  sometimes  in  four  or  five  min- 
utes after  the  food  hns  been  taken.  It  flows  in 
clear  drops  or  in  a  small  stream  for  about  fifteen 
miniiteis,  nearly  free  from  the  products  of  diges- 
tion. At  the  end  of  this  time  it  is  generally  aecompanied  with  grumous 
matter,  and  the  experiment  should  be  concluded  if  it  be  desired  simply  to 
obtain  the  pure  secretion.  In  fifteen  minutes,  two  to  three  ounces  (tiO  to 
90  c^c.)  of  fluid  may  be  obtained  from  a  good -si  zed  dog,  which,  when  filtered, 
tly  clear;  and  this  operation  may  be  repeated  three  or  four  times  a 
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week  without  interfering  witli  the  character  of  the  secretion  or  injaring  the 
health  of  the  animal. 

Although  iustiinces  of  gastric  fistula  in  the  human  subject  had  been  rev 
ported  before  the  ease  of  St.  Martin  and  have  been  observed  since  that  time, 
the  remarkably  healthy  condition  of  the  subject  and  the  extended  ex]>eri- 
mentis  of  Beaumont  have  rendered  this  eajse  memomble  in  the  history  of 
physiology.  This  is  the  only  instance  on  record,  in  which  pure,  normal  gae- 
trie  juice  has  been  obtained  from  the  human  subject ;  and  it  has  served  m 
the  standard  for  comparison  for  subsequent  exj:>eriments  on  the  inferior 
animals. 

Artificiid  gjistric  juice,  prepared  by  extracting  the  active  principle  froin 
the  mucous  membrane  of  the  st^jmach  of  different  animals  and  adding  hydnj- 
chloric  acid,  is  useful  in  observiitions  with  regard  to  the  chemistry  of  the 
peculiar  ferment,  but  fluids  prepared  in  this  way  are  not  absolutely  identical^ 
with  the  natural  secretion.  Extracts  of  the  mucous  membrane  were  i 
by  Eberle  (1834),  Von  Wittich,  Brucke  and  many  others. 

St'rrefhn  of  I  he  Gmfric  Juire. — According  to  Beaumont,  during  the  in- 
tervals of  digestion,  the  mucous  membrane  is  comparatively  pale^  "  and  k 
constantly  covered  with  a  very  thin,  transparent,  viscid  mucus^  lining  the 
whole  interior  of  the  organ. ^-  On  the  application  of  any  irritation,  or  better, 
on  the  introduction  of  food,  the  membrane  changes  its  appearance^  It 
becomes  red  and  turgid  with  blood ;  small  pellucid  points  begin  to  appear 
in  various  parts,  which  are  drops  of  gastric  juice ;  and  these  gradnidly  in- 
crease in  size  until  the  fluid  trickles  down  the  sides  in  small  streams.  The 
membrane  is  now  invariably  of  a  strongly  acid  reaction,  while  at  other  time 
it  is  either  neutral  or  faintly  alkaline.  The  thin,  watery  fluid  thus  produc 
is  the  true  gastric  juice.  Although  the  stomach  may  contain  a  clear  fluid  ; 
other  times,  this  secretion  generally  is  abnormal.  It  is  but  slightly  acid  and 
does  not  possess  the  characteristic  properties  of  the  natural  secretion.  It  has 
been  shown  by  Beaumont,  and  his  observations  have  been  repeatedly  conlinne 
by  experiments  on  the  inferior  animals,  that  the  gastric  juice  is  secreted 
greatest  quantity  and  possesses  the  most  powerful  solvent  properties,  when 
food  has  been  introduced  into  the  stomach  by  the  mitural  process  of  deglut 
tion.  The  stimulation  of  the  mucous  mcmbmne  is  then  general,  and  secret 
tion  takes  place  from  the  entire  surface  capable  of  producing  the  fluid. 
^\lien  any  foreign  substance,  as  the  gum-elastic  tube  used  in  colle<»ting  the 
juice,  is  introduced,  the  stimulation  is  local,  and  the  flow  uf  fluid  is  compara- 
tively slight  It  has  been  also  observed  that  the  quantity  immediately 
secreted  on  the  introduction  of  food,  after  a  long  fast,  is  always  much  greatarj 
than  when  fo<id  hiis  been  ttiken  after  the  ordinar}''  interval. 

While  natural  food  is  undoubtedly  the  proper  stimulus  for  the  stomach, 
and  while,  in  normal  digestion,  the  quantity  of  gastric  juice  is  perfectly 
a<lapted  to  the  work  it  has  to  perform,  it  has  been  noted  that  savory  and 
highly  seasoned  articles  generally  produce  a  more  abundant  secretion  than 
those  which  are  comparatively  insipid.  An  abundant  eecretion  is  likewise 
excited  by  some  of  the  vegetable  bitters. 
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Impressions  made  on  the  nerves  of  gustation  have  a  marked  influence  in 
exciting  the  action  of  the  mucous  membrane  of  the  stomach.  Blondlot 
found  that  sugar,  introduced  into  the  stomach  of  a  dog  by  a  fistula,  pro- 
duced a  flow  of  juice  much  less  abundant  than  when  the  same  quantity  was 
taken  by  the  mouth.  To  convince  himself  that  this  did  not  depend  upon 
the  want  of  admixture  with  the  alkaline  saliva,  he  mixed  the  sugar  with 
the  saliva  and  passed  it  in  by  the  fistula,  when  the  same  difference  was 
observed.  In  some  animals,  particularly  when  they  are  very  hungry,  the 
sight  and  odor  of  food  will  excite  secretion  of  gastric  juice. 

A  febrile  condition  of  the  system,  the  depression  resulting  from  an  excess 
in  eating  and  drinking,  or  even  purely  mental  conditions,  such  as  anger  or 
fear,  vitiate,  diminish  and  sometimes  entirely  suppress  secretion  by  the  stom- 
ach. At  some  times,  under  these  conditions,  the  mucous  membrane  becomes 
red  and  dry,  and  at  others  it  is  pale  and  moist.  In  the  morbid  conditions, 
drinks  are  immediately  absorbed,  but  food  remains  undigested  in  the  stomach 
for  twenty-four  to  forty-eight  hours  (Beaumont). 

After  the  food  has  been  in  part  liquefied  and  absorbed  and  in  part  reduced 
to  a  pultaceous  consistence,  the  secretion  of  gastric  juice  ceases ;  the  move- 
ments of  the  stomach  having  gradually  forced  that  portion  of  the  food  which 
is  but  partially  acted  upon  in  this  organ  or  is  digested  only  in  the  small  in- 
testines out  at  the  pylorus.  The  stomach  is  thus  entirely  emptied,  the  mucous 
membrane  becomes  pale,  and  its  reaction  loses  its  marked,  acid  character, 
becoming  neutral  or  faintly  alkaline. 

Quantity  of  Gastric  Juice. — The  data  for  determining  the  quantity  of 
gastric  juice  secreted  in  the  twenty-four  hours  are  so  uncertain  that  it  seems 
impossible  to  fix  upon  any  estimate  that  can  be  accepted  even  as  an  approxi- 
mation. Still,  the  quantity  must  be  considerable,  in  view  of  the  large  quan- 
tity of  alimentary  matter  which  is  acted  upon  in  gastric  digestion.  It  is 
probably  not  less  than  six  pounds  (2-72  kilos.)  or  more  than  fourteen  pounds 
(6*35  kilos.).  After  this  fluid  has  performed  its  office  in  digestion,  it  is  im- 
mediately reabsorbed,  and  but  a  small  quantity  of  the  secretion  exists  in  the 
stomach  at  any  one  time. 

Properties  and  Coyyiposition  of  Gastric  Juice, — The  gastric  juice  is  mixed 
in  the  stomach  with  more  or  less  mucus  secreted  by  the  lining  membrane. 
When  drawn  by  a  fistula,  it  generally  contains  particles  of  food,  which  have 
become  triturated  and  partially  disintegrated  in  the  mouth,  and  is  always 
mixed  with  a  certain  quantity  of  saliva,  which  is  swallowed  during  the  inter- 
vals of  digestion  as  well  as  when  the  stomach  is  active.  By  adopting  certain 
precautions,  however,  the  fluid  may  be  obtained  nearly  free  from  impurities, 
except  the  admixture  of  saliva.  The  juice  taken  from  the  stomach  during 
the  first  moments  of  its  secretion,  and  separated  from  mucus  and  foreign 
matters  by  filtration,  is  a  clear  fluid,  of  a  faint  yellowish  or  amber  tint  and 
possessing  little  or  no  viscidity.  Its  reaction  is  always  strongly  acid ;  and  it  is 
now  a  well-established  fact  that  any  fluid,  secreted  by  the  mucous  membrane 
of  the  stomach,  which  is  either  alkaline  or  neutral,  is  not  normal  gastric  juice. 

The  specific  gravity  of  the  gastric  juice  in  the  case  of  St.  Martin,  accord- 
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ing  to  the  observations  of  Beaumont  and  iSilliman,  was  1005  ;  bat  later,  P*  G. 
Smith  found  it  in  one  instance,  1008,  and  in  another,  1009,  There  is  evert 
reason  to  suppose  that  the  fluid,  in  the  eaae  of  8l  Martin^  waa  perfectly  nor- 
mal, and  1005  to  KR)9  may  be  taken  as  the  range  of  the  specific  gravity  of  tk 
gastric  juice  in  the  human  subject. 

The  gastric  juice  is  described  by  Beaumont  as  inodorous,  when  taken 
directly  from  the  stomach ;  but  it  has  rather  an  aromatic  and  a  not  disagree- 
able odor  when  it  has  been  kept  for  some  time.  It  is  a  little  saltish,  and  ils 
tast4?  is  similar  to  that  of  "•  thin,  mucilaginous  water  slightly  ac*idulaied  with 
muriatic  acid." 

It  has  been  found  by  Beaumont,  in  the  human  subject,  and  by  those  who 
have  experinxeuted  on  the  gastric  juice  of  the  lower  animals,  that  this  fluid, 
if  kept  in  a  well  stoppered  bottle,  vrill  retain  its  chemical  and  physiologic 
properties  for  an  indefinite  period.    The  only  change  which  it  undergoes 
the  formation  of  a  pellicle,  consisting  of  a  vegetable,  confervoid  growth,  upon 
the  surfat^e,  some  of  which  breaks  up  and  falls  to  the  bottom  of  the  vessel, 
forming  a  whitish,  flocculent  sediment.     In  addition  to  this  remarkable  fac- 
ulty of  resisting  putrefaction,  putrefactive  changes  are  an^ested  in  decompo^ 
ing  animal  substances,  both  when  taken  into  the  stomach  and  when  expoiie^H 
to  the  action  of  the  gastric  juice  out  of  the  body*  ^H 

There  are  on  record  no  minute  quantitative  analyses  of  the  human  gastric 
juice,  except  those  by  Schmidt,  of  the  fluid  from  the  stomach  of  a  woman 
with  gastric  fistula ;  and  in  this  ease  there  is  reason  to  suppose  that  the  se^ 
eretion  was  not  normal.  Tlie  analysis  of  the  gastric  juice  of  8t.  Martin  by 
Berzelius  was  not  minute.  The  analyses  of  Schmidt  give  less  than  six  parts 
per  thousand  of  solid  matter,  while  Berzelius  found  more  than  tw^elve  parts  per 
thousand.  In  all  the  com  para  tively  recent  analyses,  there  have  been  found 
a  free  acid  or  acids,  a  peculiar  organic  matter,  generally  called  pepsine,  and 
various  inorganic  salts* 

The  following  analysis  by  Bidder  and  Schmidt  gives  the  mean  of  nine 
observations  upon  dogs : 

COMPOSITION  OF  THE  GASTRIC  JTICE  OF  THE  DOG  (ulDnER  AXD  SCHMinT), 

Water......... t»T3H>d2 

Ferriient  (pepsine) 17*127 

Free  hydrochloric  aciil  »'0G0 

Potassium  chloride ..,...._.=..  =  ...  1'125 

Sodium  chloride. 2'507 

Calcium  chloride ....         , 0*^24 

Amiaimium  chloride. 0*408 

Calcium  phojiphate ,. .**.....    l*TS9 

Mag7]e$ium  phosphate  . .   , ,    , *  * . . .    . . .  * ,  (h^^ 

Ferric  phosph&Le .                                          (H)B2 
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In  another  series  of  three  observations,  in  which  the  saliva  was  allowed 
pass  into  the  stomach,  the  proportion  of  free  acid  was  '41^67^  and  the  prop 
tion  of  organic  matter  was  soraewliat  increase*L 
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Organic  Constituent  of  the  Gastric  Juice, — Pepsine  is  an  organic  nitro- 
genized  substance,  which  is  peculiar  to  the  gastric  juice  and  essential  to  its 
digestive  properties.  When  the  gastric  fluid  was  first  obtained,  even  by  the 
imperfect  methods  employed  anterior  to  the  observations  of  Beaumont  and 
of  Blondlot,  an  organic  matter  was  spoken  of  as  one  of  its  constituents. 

Experiments  on  artificial  digestive  fluids,  by  Eberle,  Schwann  and  Miil- 
ler,  Wasmann  and  others,  have  demonstrated  that  acidulated  extracts  of  the 
mucous  membrane  of  the  stomach  contain  an  organic  matter,  first  isolated  by 
Wasmann,  on  which  the  solvent  powers  of  these  acid  fluids  seem  to  depend. 
Mialhe,  who  has  obtained  this  substance  in  great  purity  by  the  process  recom- 
mended by  Vogel,  described  the  following  properties  as  characteristic  of  the 
organic  matter  in  artificial  gastric  juice :  Dried  in  thin  slices  on  a  plate  of 
glass,  it  is  in  the  form  of  small,  gi*ayish,  translucent  scales,  with  a  faint  and 
peculiar  odor  and  a  feebly  bitter  and  nauseous  taste.  It  is  soluble  in  water 
and  in  a  weak  alcoholic  mixture,  but  is  insoluble  in  absolute  alcohol.  A 
solution  of  it  is  rendered  somewhat  turbid  by  a  temperature  of  212°  Fahr. 
(100°  C),  but  it  is  not  coagulated,  although  it  loses  its  digestive  properties. 
It  is  not  affected  by  acids  but  is  precipitated  by  tannin,  creosote  and  a  great 
number  of  metallic  salts.  This  substance  dissolved  in  water  slightly  acidu- 
lated possesses,  in  a  very  marked  degree,  the  solvent  properties  of  the  gastric 
juice ;  but  it  has  been  found  by  Payen  and  Mialhe  not  to  be  so  active  as  the 
substance  extracted  from  the  gastric  juice  itself,  which  is  described  by  Payen, 
ander  the  name  of  gasterase.  In  the  abattoirs  of  Paris,  Mialhe  collected 
from  the  secreting  stomachs  of  calves  as  they  were  killed,  between  six  and 
ten  pints  (2*8  and  4*7  litres)  of  gastric  juice ;  and  from  this  he  extracted  the 
pure  pepsine  by  the  process  recommended  by  Payen,  which  consists  merely  in 
one  or  two  precipitations  by  alcohol.  This  substance  he  found  to  be  identical 
with  the  substance  obtained  by  Payen  from  the  gastric  juice  of  the  dog.  Its 
action  upon  albuminoid  matters  was  precisely  the  same  as  that  of  pepsine 
extracted  from  artificial  gastnc  juice,  except  that  it  was  more  powerful. 

Free  Acid  of  the  Gastric  Juice., — The  character  of  the  free  acid  of  the 
gastric  juice  has  long  been  a  question  of  uncertainty  and  dispute.  In  former 
editions  of  this  work,  the  different  views  of  chemists  with  regard  to  the  nature 
of  this  acid  were  fully  discussed.  It  may  now  be  stated  that  almost  all  physi- 
ologists adopt  the  view  that  the  gastric  juice  contains  free  hydrochloric  acid, 
with  possibly  a  very  small  quantity  of  lactic  acid.  It  is  admitted,  however, 
that  the  degree  of  acidity  of  the  gastric  juice  is  variable,  and  that  the  normal 
acid  may  be  replaced,  without  loss  of  the  digestive  properties  of  the  fluid,  by 
lactic,  oxalic,  acetic,  formic,  succinic,  tartaric,  citric,  phosphoric,  nitric  or 
sulphuric  acid. 

Saline  Constituents  of  the  Gastric  Juice,  —  It  has  been  shown  that 
artificial  fiuids  containing  the  organic  matter  of  the  gastric  juice  and  the 
proper  proportion  of  free  acid  are  endowed  with  all  the  digestive  properties 
of  the  normal  secretion  from  the  stomach,  and  that  these  properties  are 
rather  impaired  when  an  excess  of  its  normal  saline  constituents  is  added  or 
when  the  relation  of  the  salts  to  the  water  is  disturbed  by  concentration. 
16 
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Boudault  and  Corvisart  evaporated  6*7#>  02.  (200  c  c.)  of  the  gastric  jaiw  of 

the  dog  to  drpiess  and  added  to  tlie  rei^idue,  1'69  oz.  (50  c\  e.)  of  water.  Thrv 
ffumd  that  the  fluid  thus  prepared,  containing  fuur  times  the  normal  prc^por- 
tion  of  saline  constituents,  did  not  possess  by  any  means  the  energy  of  action 
on  alimentary  substances  of  tlie  normal  secretion.  These  fact**  have  led 
phys^iohjgists  to  attach  little  importance  to  the  saline  constitneiita  of  the  gas- 
tric juice,  except  sodium  chloride,  which  is  thought  to  be  couoerned  in  the 
prodtiction  of  hydrochloric  acid. 

Action  of  (he  (utatric  Jnie^  in  Digest  ion, —ddvimn  of  the  substances  mofit 
readily  attacked  by  the  gastric  juice  are  act^d  upon  by  weak,  acid  solutiuo* 
containing  no  organic  matter;  but  it  is  now  well  established  that  the  pre.^'nee 
of  a  peculiar  organic  matter  is  a  condition  indispensable  to  actual  digt^ 
tion.  It  has  also  been  shown  that  fluids  cootaining  the  organic  constituent 
of  the  gastric  juice  have  no  iligestive  properties  unless  they  also  possess  Uii» 
proper  degree  of  acidity ;  and  it  is  as  well  settled  that  fluids  containing  acid?t 
alone  have  no  action  on  albuniinoiils  similar  to  that  which  takes  place  in 
digestion,  and  that  when  these  substances  are  dissolved  by  t!j(  in  it  i>  Himntv 
accidental. 

The  presence  of  any  one  particular  acid  does  not  seem  essential  to  iJit- 
digestive  projKMties  of  tlie  gastric  juice,  so  long  as  the  proper  degree  of  acidity 
is  preserved,  and  it  is  undoubte^lly  important  that  the  normal  acid  can  be  r^ 
placed  by  other  acids ;  for  in  case  any  sidt  were  introduced  into  the  stomach 
which  would  be  decomposed  by  the  acid  of  the  gastric  juice,  digestion  would 
be  interfered  with,  unless  the  liberated  acid  conld  take  its  place.  It  can 
readily  be  appreciated  that  trjinsient  disturbances  might  occur  from  this 
cause,  were  the  existence  of  any  one  acid  indisj>ensab1e  to  the  digestive  prop- 
erties of  the  gastric  juice;  while  if  only  a  certiiin  degree  of  acidity  were  re- 
quired, this  condition  might  be  produced  by  any  aeid,  either  derived  from  the 
food  or  secreted  by  the  stomach. 

In  studying  the  physiological  action  of  thi-  gastric  juice,  it  mii^t  always  be 
borne  in  mind  that  the  general  process  of  digestion  is  accomplished  by  the 
combined  as  well  as  the  successive  action  of  the  difiFerent  digestive  ftaids. 
TliL*  act  should  be  viewed  in  its  en.sembif^  mther  than  as  a  process  consisting 
of  several  successive  and  distinct  openitions,  in  which  different  classes  of  ali- 
mentary matt43r8  are  dissolved  by  distinct  fluids.  The  food  meets  with  the 
gastric  juice,  after  having  become  impregimted  with  a  large  quantity  of 
Kiliva;  and  it  passes  from  the  stomach  to  be  m^ted  uptm  bv  rhc  intohtinal 
fluids,  having  imbibed  both  saliva  and  ga^^tric  juice. 

When  the  acts  which  take  p!ace  in  the  mouth  arc  prMju'ily  prrfornicd,  tfi 
following  aliioentiiry  substaucL's,  coin  on  anted  by  the  action  of  the  teeth  luul 
thorongiily  insalivated,  are  taken  into  the  stomach  :  muscular  tissue,  cont4iin- 
ing  the  muscular  substance  enveloped  in  its  sarcolem ma,  blood-vessels,  nervi^ 
ordinary  tilirons  tissue  holding  the  muscular  fibres  together,  interstititd  fat, 
and  a  small  (juantity  of  albuminoids  and  corpuscles  from  the  blix)d,  all  com- 
bined with  a  considerable  qiuintity  of  inorganic  salts;  albumen,  sometimes 
unchanged,  but  generally  in  a  more  or  less  perfe<?tly  coagulated  conditiou; 
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fatty  matter,  sometimes  in  the  form  of  oil  and  sometimes  enclosed  in  vesicles, 
constituting  adipose  tissue;  gelatine  and  animal  matters  in  a  liquid  form 
extracted  from  meats,  as  in  soups ;  caseine,  in  its  liquid  form  united  with 
butter  and  salts  in  milk,  and  coagulated  in  connection  with  various  other 
matters,  in  cheese ;  vegetable  nitrogenized  matters,  of  which  gluten  may  be 
taken  as  the  type ;  vegetable  fats  and  oils ;  sugars,  both  from  the  animal  and 
vegetable  kingdoms,  but  chiefly  from  vegetables;  the  different  varieties  of 
amylaceous  substances ;  and  finally,  organic  acids  and  salts,  derived  chiefly 
from  vegetables.  These  matters,  particularly  those  from  the  vegetable  king- 
dom, are  united  with  more  or  less  innutritions  matter,  such  as  cellulose. 
They  are  also  seasoned  with  aromatic  substances,  condiments  etc.,  which  are 
not  directly  used  in  nutrition. 

The  various  articles  described  as  drinks  are  taken  without  any  consid- 
erable admixture  with  the  saliva.  They  embrace  water  and  the  various 
nutritious  or  stimulant  infusions  (including  alcoholic  beverages)  with  a  small 
proportion  of  inorganic  salts  in  solution. 

Action  of  the  Gastric  Juice  upon  Meats. — There  are  thre«  ways  in  which 
the  action  of  the  gastric  juice  upon  the  various  articles  of  food  may  be  studied. 
One  is  to  subject  them  to  the  action  of  the  pure  fluid  taken  from  the  stomach, 
as  was  done  by  Beaumont,  in  the  human  subject,  and  by  Blondlot  and  others, 
in  experiments  upon  the  inferior  animals ;  another  is  to  make  use  of  prop- 
erly prepared  acidulated  extracts  of  the  mucous  membrane  of  the  stomach, 
which  have  been  shown  to  have  many  of  the  properties  of  the  gastric  juice, 
differing  mainly  in  activity ;  and  another  is  to  examine  from  time  to  time  the 
contents  of  the  stomach  after  food  has  been  taken.  By  all  of  these  methods 
of  study  it  has  been  shown  that  the  digestion  of  meat  in  the  stomach  is  far 
from  complete.  The  parts  of  the  muscular  structure  most  easily  attacked 
are  the  fibrous  tissue  which  holds  the  muscular  fibres  together,  and  the  sar- 
colemma,  or  sheath  of  the  fibres  themselves.  If  the  giistric  juice  of  the  dog 
be  placed  in  a  vessel  with  finely  chopped  lean  meat  and  be  kept  in  contact 
with  it  for  a  number  of  hours  at  about  100°  Fahr.  (37*78°  C),  agitating  the 
vessel  occasionally  so  as  to  subject,  as  far  as  possible,  every  particle  of  the 
meat  to  its  action,  the  filtered  fluid  will  be  found  increased  in  density,  its 
acidity  diminished,  and  presenting  all  the  evidences  of  having  dissolved  a 
considerable  portion  of  the  tissue.  There  always,  however,  will  remain  a  cer- 
Uwn  portion  which  has  not  been  dissolved.  Its  constitution  is  nevertheless 
materially  changed;  for  it  no  longer  possesses  the  ordinary  character  of 
muscular  tissue,  but  easily  breaks  down  between  the  fingers  into  a  pultaceous 
mass.  On  subjecting  this  residue  to  microscopical  examination,  it  is  found 
not  to  contain  any  ordinary  fibrous  tissue  ;  and  the  fibres  of  muscular  tissue, 
although  presenting  the  well  marked  and  characteristic  stride,  are  broken  into 
short  pieces  and  possess  very  little  tenacity.  It  is  evidently  only  the  muscu- 
lar substance  which  remains ;  the  connective  tissue  and  the  sarcolemma  hav- 
ing been  dissolved.  These  facts  have  been  repeatedly  noted,  and  even  on 
adding  fresh  juice  to  the  undigested  matter,  it  is  not  dissolved  to  any  con- 
siderable extent,  the  residue  not  being  sensibly  diminished  in  quantity,  and 
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the  muscular  substance  always  presenting  its  characteristic  8tri«,  on  micro- 
scopical exaniinatii>u.  Bernard,  in  e]ci>eriments  with  the  gastric  juice  d 
different  animals,  found  the  fiuid  from  the  stomach  of  the  rabbit  or  the  hon» 
0  ^  much  inferior,  as  re- 

1  y--v^i^'- '  *'}  -  / ,  ^"^^  ^*^*^'  ^"^^^ *'^^>  ^^ ^^ 

I  v*vM*\*^1^^^54'v-?;vV*^^^^  /  action  u|>on  meat^  ta 

V^*^:r*V5^v ,  the  gastric  juice  of  the 

dog. 

Whether  the  gas- 
tric juice  be  eiitin?l| 
iucajmble  of  acting 
upon  the  moscukr 
substance  or  not,  the 
above*mentioned  facti 
clearly  show  that  mus- 
cular tissue  UKuaJh  is 
not  completely  digw!?t' 
ed  in  the  stomai^ii. 
The  action  in  this  or- 
gan is  to  dissoh'e  the 
intermuscular  fibrous 
tii«sue  and  the  sarco- 
id] j  ma,  or  sheath  of 
the  muscular  fibres^, 
setting  the  tnie  muscular  substance  free  and  breaking  it  up  into  smidl  par- 
ticles, The  ma-ss  of  tissue  is  tlius  reduoed  to  the  condition  of  a  thiii,  pulu- 
ceous  fluid,  which  passes  into  the  small  intestine,  where  the  process  of  diges- 
tion is  compJete<l. 

The  constituents  of  the  blood,  albuminoids,  corpuscles  etc*  which  may 
l>e  introc]uce<l  in  small  quantity  in  connection  with  muscular  tissue^  probably 
are  completely  dis»f>lved  in  the  stomach. 

Aethm  upon  Albumen,  fibrin^  Cmeine  and  Gelatine, — The  action  of  the 
gastric  juice  upon  uuecxjked  white  of  egg  is  to  disintegrate  it*  fitnictnre, 
separating  and  tiually  dis8olving  the  membranous  sacs  in  which  the  albumen 
is  contained.  It  also  acts  upon  the  albiinien  itself,  forming  a  new  fluid  sub- 
stance, called  albumen-peptone,  which,  unlike  albumen,  is  not  coagtdafed 
by  hejit  or  acids,  but  is  precipitated  by  alcohol,  tannin  and  many  of  the 
metallic  salts.  The  digestion  of  raw  or  imperfectly  coagidated  albumen 
takes  plac^e  with  considerable  rapidity  in  the  stomach;  and  the  digestion  i*f 
albumen  in  this  form  is  more  rapid  than  when  it  has  been  completely  coagu- 
lated by  heat.  It  is  a  matt43r  of  common  as  well  as  of  scientific  observation^ 
that  eggs  when  hard-boiled  are  less  easily  digested  than  when  they  are  soft- 
boiled  or  uncooked.  The  products  of  the  digestion  of  raw  or  of  coagulated 
albumen,  albumen-peptone,  are  essentially  the  same.  It  is  probable  that  the 
entire  prtK'css  of  digestion  and  absorption  of  albumen  takes  place  in  the 
stomaeb ;  and  if  any  albumen  pass  out  of  the  pylorus,  the  quantity  Ls  very  small. 


Fta,  66,— Jf(ilf<*r»  taken  from  th^  pyloric  portion  of  the  §i€>mtich  of  a 
dog  during  ditj*^^tion  of  mix^a  fntxl  (Bertuiril). 

a«  dii<iint(^t!Tat»H:)  muscular  flhivti,  tilt*  vXrxa^  having  disappeared  ;  6,  e, 
miuM.'ular  tibiv«  in  wbich  On*  Ktria*  havt*  jmrtiy  di8ap)H*4Jtfed  ;  <  cf,  d* 
glotnilet  of  fat ;  e,  «,  e,  starch  ;  £r,  molecuJar  grauules. 


ACTION  OF  THE  GASTRIC  JUICE.  225 

Fibrin,  as  distinguished  from  the  so-called  fibrin  of  the  muscular  tissue, 
or  myosine,  is  not  a  veiy  important  article  of  food.  The  action  of  the  gas- 
tric juice  upon  it  is  more  rapid  and  complete  than  upon  albumen.  The  well 
known  action  upon  fibrin,  of  water  slightly  acidulated  with  hydrochloric 
acid,  has  led  some  physiologists  to  assume  that  the  a.e\d  is  the  only  con- 
stituent in  the  gastric  juice  necessary  to  the  digestion  of  this  substance; 
but  observations  on  the  comparative  action  of  acidulated  water  and  of 
artificial  or  natural  gastric  juice  show  that  the  presence  of  the  organic 
matter  is  necessary  to  the  digestion  of  this  as  well  as  of  other  nitrogen- 
ized  alimentary  substances.  The  action  of  water  containing  a  small  propor- 
tion of  acid  is  to  render  fibrin  soft  and  transparent,  frequently  giving  to 
the  entire  mass  a  jelly-like  consistence.  The  result  of  the  digestion  of 
fibrin  in  the  gastric  juice  or  in  an  acidulated  fluid  to  which  pepsine  has  been 
added,  is  its  complete  solution  and  transformation  into  a  substance  which  is 
not  affected  by  heat,  acids  or  by  rennet.  The  substance  resulting  from  the 
action  of  gastric  juice  upon  fibrin,  called  fibrin-peptone,  resembles  albumen- 
peptone,  but  nevertheless  has  certain  distinctive  characters. 

Liquid  caseine  is  immediately  coagulated  by  the  gastric  juice,  by  the 
action  both  of  the  free  acid  and  the  organic  matter.  Once  coagulated,  caseine 
is  acted  upon  in  the  same  way  as  coagulated  albumen.  The  caseine  which  is 
taken  as  an  ingredient  of  cheese  is  digested  in  the  same  way.  According  to 
Lehmann,  coagulated  caseine  requires  a  longer  time  for  its  solution  in  the 
stomach  than  most  other  nitrogenized  substances.  The  caseine  of  human 
milk,  which  coagulates  only  into  a  sort  of  jelly,  is  more  easily  digested  than 
caseine  from  cow's  milk  (Elasser).  The  product  of  the  digestion  of  caseine 
is  a  soluble  substance,  not  coagulable  by  heat  or  the  acids,  called  caseine- 
peptone. 

Gelatine  is  rapidly  dissolved  in  the  gastric  juice,  when  it  loses  the  char- 
acters by  which  it  is  ordinarily  recognized,  and  no  longer  forms  a  jelly  on 
cooling.  This  substance  is  much  more  rapidly  disposed  of  than  the  tissues 
from  which  it  is  formed,  and  the  products  of  its  digestion  in  the  gastric 
juice  resemble  the  substances  resulting  from  the  digestion  of  the  albumi- 
noids generally. 

Action  on  Vegetable  Xitrogenized  Substances. — These  substances,  of  which 
gluten  may  be  taken  as  the  type,  undoubtedly  are  digested  chiefly  in  the 
stomach.  Raw  gluten  is  acted  upon  very  much  in  the  same  way  as  fibrin, 
and  cooked  gluten  behaves  like  coagulated  albumen.  Vegetable  articles  of 
food  generally  contain  gluten  in  greater  or  less  quantity,  or  substances  resem- 
bling it,  as  well  as  various  non-nitrogenized  matters,  and  cellulose.  The  fact 
that  these  articles  are  not  easily  attacked  in  any  portion  of  the  alimentary 
canal,  unless  they  have  been  well  comminuted  in  the  mouth,  is  shown  by 
the  passage  of  grains  of  corn,  beans  etc.,  in  the  fseces.  When  properly  pre- 
pared by  mastication  and  insalivation,  the  action  of  the  gastric  juice  is  to 
disintegrate  them,  dissolving  out  the  nitrogenized  matters,  freeing  the  sbirch 
and  other  matters  so  that  they  may  be  more  easily  acted  upon  in  the  intes- 
tines, and  leaving  the  hard,  indigestible  matters,  such  as  cellulose,  to  pass 
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away  in  tlie  f feces.  The  iiitrogeTiized  constituents  of  bread  are  probably  actrd 
upon  in  the  stomach  in  the  same  way  and  to  the  same  extent  as  albumeD, 
librin  and  calcine. 

Peptonesi,~lt  has  been  shown  that  gastric  digestion  \&  not  merely  a  solu- 
tion of  certain  alimentary  matters,  but  that  these  substances  undergo  very 
marked  changes  and  lose  the  properties  by  which  they  are  generally  i*ecog- 
nized.  Tliat  the  ditferent  products  of  this  transformation  resemble  each 
other  very  closely  is  also  undoubted ;  but  there  are  certain  differenoes  in  tlie 
chemical  composition  of  the  products  of  digestion  of  the  different  constitu- 
ents of  food,  as  well  as  differences,  which  have  lately  been  noted,  as  regards 
their  behavior  with  reagents. 

The  peptones  in  solution  form  colorless  liquida,  having  a  feeble  odor  ny 
sembliiig  that  of  meat.  They  are  not  coagulable  by  heat  or  by  most  acids,  a 
property  which  distinguishes  them  from  almost  all  of  the  nitrogenized  cun- 
stituents  of  food.  They  are  coagulated,  however,  by  many  of  the  metallic 
galtSi  by  chlorine,  and  by  tannin ^  in  slightly  acidulated  solutions.  On  eva[m- 
rating  peptones  to  dr\iie«s,  the  residue  t-onsists  of  a  yellowish- white  subatance, 
resembling  desiccated  whit^  of  ^gg.  This  is  soluble  in  water,  when  it  regains 
its  characteristic  properties,  but  is  entirely  insoluble  in  alcohoL 

It  is  evident  that  the  gastric  juice,  aside  from  its  action  in  preparing  cer- 
tain articles  for  digestion  by  the  intestinal  Huids,  does  not  simply  liquefy 
eertiiin  of  the  alimentary  matters,  but  changes  them  in  such  a  way  as  to  ren- 
der them  osmotic  and  provides  against  the  coagulation  which  is  so  readily 
induced  in  ordinary  nitrogenized  bodies.  Peptones  pajss  through  merabranea 
with  great  facility. 

Another,  the  most  important  and  the  essential  change  which  is  exerttxi 
by  the  gastric  juice  upon  the  albuminoids,  is  that  by  which  they  are  r^^ndennl 
capable  of  assimilation  by  the  system  after  their  absorption.  Pure  albumen 
and  gelatine,  when  injected  intf>  the  blood,  are  not  a&similable  and  are 
rejected  by  the  kidneys;  but  albumen  and  gelatine  which  have  been  digestc*l 
in  giJustric  juice  are  assimilated  in  the  same  way  ti&  though  they  had  pene- 
trated by  the  natural  process  of  absorption  from  the  alimentary  canal  (Ber- 
nard an<l  Barreswil).  The  sjime  is  true  of  caseine  and  fibrin.  These  facts, 
showiug  that  something  more  is  necessary  in  gastric  digestion  than  mere 
aolution,  point  to  j>epsine  Jis  the  imporbmt  agent  in  pnxlucing  the  peculiar 
moditicaUons  so  necessary  to  proper  assimilation  of  nitrogenized  alimentary 
substances.  The  actioti  of  pepsine  is  essential  to  the  changes  which  occur  in 
the  albuminoid  alimentary  matters,  resulting  in  the  formation  of  what  are 
known  as  jieptones ;  and  the  change  into  peptones  takes  place  in  ail  nitro- 
genized substances  that  ai-e  dissolved  in  the  stomach.  This  may  occur  even 
when  the  albuminoid  matters  are  somewhat  advanced  in  putrefaction;  and 
tlie  gastric  juice  possesses  antisejitic  properties,  which  fact  accounts  for 
frequent  innocuousness  of  animal  substancois  in  various  stages  of  decomf 
tion  when  taken  into  the  st^muR'h. 

The  change  of  the  albuminoids  into  peptones  in  the  stomach  is  not  direct* 
The  intermediate  processes  probably  are  the  following  :  The  albuminoids  are 
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first  changed  by  the  gastric  juice  into  an  acid-albumen  or  albuminate  ;  this  is 
farther  changed  into  propeptone,  or  as  it  is  called  by  Kiihne,  hemialbumose ; 
and  the  final  action  is  a  change  into  the  true  peptones.  These  intermediate 
processes  have  been  studied  in  artificial  digestion,  and  the  acid-albumen  and 
propeptone  differ,  in  some  of  their  chemical  properties  which  it  is  not  neces- 
sary to  describe  in  detail,  from  both  albumen  and  peptone.  A  temperature 
near  that  of  the  body  is  necessary  to  the  various  changes  just  mentioned. 

Action  of  the  Gastric  Juice  on  Fats^  Sugars  and  Amylaceous  Substances. 
— Most  of  the  fatty  constituents  of  the  food  are  liquefied  at  the  temperature 
of  the  body ;  and  when  taken  in  the  form  of  adipose  tissue,  the  vesicles  in 
which  the  fatty  matters  are  contained  are  dissolved,  the  fat  is  set  free,  is 
melted  and  floats  in  the  form  of  drops  of  oil  on  the  alimentary  mass.  The 
action  of  the  stomach,  then,  seems  to  be  to  prepare  the  fats,  chiefly  by  dis- 
solving the  adipose  vesicles,  for  the  complete  digestion  which  takes  place  in 
the  small  intestine. 

The  varieties  of  sugar  of  which  glucose  is  the  type  undergo  little  if  any 
change  in  digestion  and  are  probably  in  greatest  part  directly  absorbed  by 
the  mucous  membrane  of  the  stomach.  This  is  not  the  case,  however,  with 
the  varieties  of  sugar  classed  with  cane-sugar.  It  has  been  shown  that  cane- 
sagar  injected  into  the  veins  of  a  living  animal  is  not  assimilated  by  the  sys- 
tem but  is  immediately  rejected  by  the  kidneys.  When,  however,  it  has  been 
changed  into  glucose  by  the  action  of  a  dilute  acid  or  by  digestion  in  the  gas- 
tric juice,  it  no  longer  behaves  as  a  foreign  substance  and  does  not  appear  in 
the  urine.  Experiments  have  shown  that  cane-sugar,  after  being  digested 
for  several  hours  in  the  gastric  juice,  is  slowly  converted  into  glucose.  This 
action  does  not  depend  upon  any  constituent  of  the  gastric  juice  except  the 
free  acid ;  and  a  dilute  mixture  of  hydrochloric  acid  had  an  equally  marked 
effect.  Experiments  in  artificial  digestion  have  shown  that  cane-sugar  is 
transformed  into  glucose  by  the  gastric  juice  very  slowly,  the  action  of  this 
fluid  in  no  way  differing  from  that  of  very  dilute  acids.  In  the  natural  pro- 
cess of  digestion,  this  action  may  take  place  to  a  certain  extent ;  but  it  is  not 
shown  to  be  constant  or  important. 

The  action  of  gastric  juice,  unmixed  with  saliva,  upon  starch  is  entirely 
negative,  as  far  as  any  transformation  into  sugar  is  concerned.  When  the 
starch  is  enclosed  in  vegetable  cells,  it  is  set  free  by  the  action  of  the  gastric 
juice  upon  the  nitrogenized  parts.  Raw  starch  in  the  form  of  granules 
becomes  hydrated  in  the  stomach,  on  account  of  the  elevated  temperature 
and  the  acidity  of  the  contents  of  the  organ.  This  is  not  the  form,  however, 
in  which  starch  is  generally  taken  by  the  human  subject ;  but  when  it  is  so 
taken,  the  stomach  evidently  assists  in  preparing  it  for  the  more  complete 
processes. of  digestion  which  are  to  take  place  in  the  small  intestine. 

Cooked  or  hydrated  starch,  the  form  in  which  it  exists  in  bread,  fari- 
naceous preparations  generally  and  ordinary  vegetables,  is  not  affected  by 
the  pure  gastric  juice  and  passes  out  at  the  pylorus  unchanged.  It  must  be 
remembered,  however,  that  the  gastric  juice  does  not  entirely  prevent  a  con- 
tinuance of  the  action  of  the  saliva ;  and  experiments  have  shown  that  gastric 
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juice  taken  from  the  stomach,  when  it  contains  a  notable  quantity  of  aaliTi^ 

has,  to  a  certain  extent,  the  power  of  tmnsfonning  starch  into  sugar. 

The  elianges  which  vegetable  acids  and  salts,  the  various  inorganic  eon* 
stituents  of  ftjod  and  the  liquids  which  are  classed  as  drinks  undergo  in  the 
stomach  are  very  slight,  Most  of  these  substances  eun  hardly  be  said  to  h* 
digested  ;  for  they  are  either  liquid  or  in  solution  in  water  and  are  cajiabU* 
of  direct  absor|>tion  and  a^iniilation.  With  regaixi  to  most  of  the  ino?  _ 
salts,  they  either  exist  in  small  quantity  in  the  ordinary  water  taken  as  u:.„.. 
or  are  united  with  organic  nitrogenized  substances.  In  the  latter  c^ase,  they 
become  intimately  combined  with  the  organic  matters  resulting  from  gastric 
digestion.  It  has  been  noted  that  the  various  peptones  contain  the  s&mt 
inorgjinic  salt^a  which  existed  in  the  nitrogenized  substances  from  which  tht*Y 
weix*  formed. 

Some  discussion  has  arisen  with  regard  to  the  action  of  the  fluids  of  tht* 
etomach  upon  calcium  phosphate  and  calcium  carboimte,  salts  which  ari?  oiiti- 
sidered  nearly  if  not  entirely  insoluble.  Observations  on  both  natural  and 
artificial  digestion  have  shown  that  the  calciireous  constituents  of  bone  an- 
to  a  certain  extent  dissolved  in  the  gastric  juice.  Bones  are  digested  to  n 
considerable  extent  in  the  stomacli,  altliough  the  greater  part  passes  through 
the  alimentary  C4inal  and  is  discharged  unclumgcd  in  the  faeces.  In  the  nat- 
unil  process  of  digestion,  the  solution  of  the  calcareous  constituents  of  bone 
is  more  rapid  than  in  artiticial  digestion,  from  the  fact  that  the  juice  is  lieing 
continually  absorbed  and  secreted  anew  by  the  mucous  membrane  of  tlie 
stomach. 

Duration  of  Gastric  Digestion, — Inasmuch  as  comparatively  few  articlea, 
and  the^  belonging  exclusively  to  the  class  of  organic  nitrogenized  sub- 
stances, are  completely  dissolved  in  the  stomach,  it  is  evident  that  the  length 
of  time  during  which  food  remains  in  this  organ,  or  the  time  occupied  in 
the  solution  of  food  by  gastric  juice  out  of  the  body,  does  not  repressent  the 
alj«olute  digestibility  of  different  articles.  It  is,  neveilheless,  an  impor- 
tant question  to  asfx^rtain,  as  nearly  as  possible,  the  duration  uf  gastric  diges- 
tion, 

Tliere  has  certainty  never  beei^  presented  so  favorable  an  opportunity  for 
determining  the  duration  of  gastric  digestion  as  in  the  ciise  of  8t.  Martin. 
From  a  great  number  of  uhser  vat  ions  made  on  digestion  in  the  stomach  itself, 
Beaumont  came  to  the  conclusion  that ''  the  iimo  ordinarily  required  for  the 
disposal  of  a  moderate  meal  of  the  fibrous  parts  of  meat,  with  bread,  etc.,  id 
three  to  three  and  a  half  hours."  The  observations  of  F,  (t.  Smith,  made 
upon  St.  Martin  many  years  later,  gave  two  hours  as  the  longest  time  that 
aliments  remained  in  the  stomach.  In  a  case  of  intestinal  fistida  reported 
by  Busch,  it  Wiis  noted  that  food  began  to  piiss  out  of  the  stomach  into  the 
intestines  fifteen  minutes  after  its  ingestion  and  cdotinued  to  pasi^  for  three 
or  four  hours,  until  the  stomach  M-as  emptied. 

Undoubtedly,  the  duration  of  gastric  digestion  varies  in  different  mmvid- 
iials  and  is  greatly  dependent  ujion  the  kind  and  quantity  of  foi>d  taken,  con- 
ditions of  tho  nervous  system,  exercise  etc.     As  a  mere  approximation,  the 
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average  time  that  food  remains  in  the  stomach  after  an  ordinary  meal  may 
be  stated  to  be  between  two  and  four  hours. 

Milk  is  one  of  the  articles  digested  in  the  stomach  with  greatest  ease. 
Its  highly  nutritive  properties  and  the  variety  of  its  nutritious  constituents 
render  it  very  valuable  as  an  article  of  diet,  particularly  when  the  digest- 
ive powers  are  impaired  and  when  it  is  important  to  supply  the  system 
with  considerable  nutriment.  Eggs  are  likewise  highly  nutritious  and  are 
easily  digested.  Raw  and  soft-boiled  eggs  are  more  easily  digested  than 
hard-boiled  eggs.  "  Whipped  "  eggs  are  apparently  disposed  of  with  great 
facility.  As  a  rule  the  flesh  of  fish  is  more  easily  digested  than  that  of  the 
warm-blooded  animals.  Oysters,  especially  when  raw,  are  quite  easy  of 
digestion.  The  flesh  of  mammals  seems  to  be  more  easily  digested  than  the 
flesh  of  birds.  Of  the  different  kinds  of  meat,  venison,  lamb,  beef  and  mut- 
ton are  easily  digested,  while  veal  and  fat  roast-pork  are  digested  with  diffi- 
culty. Soups  are  generally  very  easily  digested.  The  animal  substances 
which  are  digested  most  rapidly,  however,  are  tripe,  pigs'  feet  and  brains. 
Vegetable  articles  are  digested  in  about  the  same  time  as  ordinary  animal 
food ;  but  a  great  part  of  the  digestion  of  these  substances  takes  place  in  the 
small  intestine.  Bread  is  digested  in  about  the  time  required  for  the  diges- 
tion of  the  ordinary  meats  (Beaumont). 

Conditions  which  influence  Gastric  Digestion. — The  various  conditions 
which  influence  gastric  digestion,  except  those  which  relate  exclusively  to 
the  character  or  the  quantity  of  food,  operate  mainly  by  influencing  the 
quantity  and  quality  of  the  gastric  juice.  It  is  seldom  that  temperature  has 
any  influence,  for  the  temperature  of  the  stomach  in  health  does  not  present 
variations  sufficient  to  have  any  marked  effect  upon  digestion. 

As  a  rule,  gentle  exercise,  with  repose  or  agreeable  and  tranquil  occupa- 
tion of  the  mind,  is  more  favorable  to  digestion  than  absolute  rest.  Violent 
exercise  or  severe  mental  or  physical  exertion  is  always  undesirable  immedi- 
ately after  the  ingestion  of  a  large  quantity  of  food,  and  as  a  matter  of  com- 
mon experience,  has  been  found  to  retard  digestion. 

The  effects  of  sudden  and  considerable  loss  of  blood  upon  gastric  di- 
gestion are  very  marked.  After  a  full  meal,  the  whole  alimentary  tract 
is  deeply  congested,  and  this  condition  is  undoubtedly  necessary  to  the 
secretion,  in  proper  quantity,  of  the  various  digestive  fluids.  When  the 
entire  quantity  of  blood  in  the  economy  is  greatly  diminished  from  any 
cause,  there  is  difficulty  in  supplying  the  amount  of  gastric  juice  neces- 
sary for  a  full  meal,  and  disorders  of  digestion  are  likely  to  occur,  es- 
pecially if  a  large  quantity  of  food  have  been  taken.  Tliis  is  also  true  in 
inanition,  when  the  quantity  of  blood  is  greatly  diminished.  In  this  con- 
dition, although  the  system  constantly  craves  nourishment  and  the  ap- 
petite frequently  is  enormous,  food  should  be  taken  in  small  quantities  at  a 
time. 

As  a  rule  children  and  young  persons  digest  food  which  is  adapted  to 
them  more  easily  and  in  larger  relative  quantity  than  those  in  adult  life  or  in 
old  age ;  but  ordinarily  in  old  age  digestion  is  carried  on  with  more  vigor 
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and  regularity  than  the  other  vegetative  processes,  such  as  general  assimila- 
tion, circiihition  and  ni'sirinition, 

Infturnre  of  Ike  Acrvtms  Si/stem  on  the  Stomach, — ^It  is  well  known  tJuit 
mental  emotions  frequently  have  a  marked  influence  on  digestion^  and  tliis, 
of  course,  can  hike  place  only  through  the  nervous  system.  Of  the  tuo 
nen'cs  whioli  are  distributed  to  the  stomach,  the  pueuraogitstrie  hits  been  the 
more  carefully  studied,  experiments  upon  the  sympathetic  being  more  diili* 
cult  Although  the  corapk^te  history  of  the  influence  of  the  pnenmogastrirs 
upon  digestion  belongs  to  the  physiology  of  tlie  nervous  syi^tem,  it  will  Im 
useful  in  this  eonuection  to  consiiler  briefly  some  of  the  fact^  which  have 
been  ascertained  with  regard  to  the  influence  which  these  nerves  exert  upon 
the  stomach. 

The  experiments  of  Bernard  and  others  have  shown  that  the  viusciilar 
mechanism  of  the  mucous  membrane  is  to  a  great  extent  under  the  influence 
of  the  pneumogastrics.  If  these  nerves  be  divided  while  gastric  digestion  is  at 
its  height,  the  mucous  menibninc  immediately  becomes  pale,  and  the  set*re* 
tion  of  gastric  Juice  is  nearly  if  not  quite  arrested.  It  has  been  fouiul,  how- 
ever, that  gastric  juice  may  be  secreted  in  small  quantity  under  the  stimulug 
of  food,  even  when  both  pneumogastrics  and  the  sympathetic  nerves  going 
to  the  stomach  have  been  divided  (Ileideuhaiu). 

Section  of  both  pneiimogastrics,  while  it  does  not  entirely  paralyze  the 
muscular  coat  of  the  .stomach,  renders  its  contnictions  irregidar  and  feeble. 
It  is  statetl  that  section  of  these  nerves  is  followed  by  **  a  short  temj)orarjr| 
contraction  of  the  cardiac  aperture''  (Stirling). 

Mot^emenfs  of  the  S/amarh. — As  the  articles  of  food  are  passed  into  the 
stomach  by  the  acts  of  deglutitifui,  the  organ  gmdually  changes  it^  form, 
size  and  position.  When  the  stomach  is  empty,  the  opposite  surfiices  of  its 
lining  membrane  are  in  contact  in  many  parts  and  are  thrown  into  longitu- 
dinal folds.  As  the  organ  is  distended,  these  folds  are  etfaced,  the  stomairh 
itself  becoming  more  rouudeil,  and  as  the  two  ends,  with  the  lesser  curva- 
ture are  comparatively  immovable,  the  whole  organ  undergcK*s  a  movement 
of  rotation,  by  which  the  anterior  face  becomes  superior  and  is  applied  to 
the  diaphragm.  At  this  time  the  great  pouch  has  nearly  filled  the  left  hypo- 
cliondriac  region  ;  the  greater  curvature  presents  anteriorly  and  comes  in  con- 
tact with  the  abdominal  walls.  Aside  from  these  changes,  which  are  merely 
due  to  the  distention,  the  stomach  undergoes  important  movements,  whicli 
continue  until  it.s  contents  have  been  dissolved  and  absorbed  or  have  pass 
out  at  the  pylorus;  but  while  these  movements  are  taking  place,  the  U 
orifices  are  guar^led,  so  that  the  food  shaU  remain  for  tlu^  proper  time  exposed 
to  the  action  of  the  gastric  juice.  By  the  rhythmical  eimtractions  of  the 
lower  extremity  of  the  tesophagus,  regurgitation  of  food  is  prevented ;  and 
the  circular  fibres^  which  form  a  thick  ring  at  the  pylorus,  are  constantly 
contracted,  so  that — at  least  during  the  first  periods  of  digestion — only 
liquids  and  tliat  portion  of  food  which  has  been  reduced  to  a  pult^iceou* 
consistence  can  pass  into  tlie  small  intestine.  It  is  well  known  that  this 
resistance  at  the  pylorus  does  not  endure  iudeflnitely,  for  indigestible  articles 
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of  considerable  size,  such  as  stones,  have  been  passed  by  the  anus  after  having 
been  introduced  into  the  stomach ;  but  observations  have  shown  that  masses 
of  digestible  matter  are  passed  by  the  movements  of  the  stomach  to  the 
pylorus,  over  and  over  again,  and  that  they  do  not  find  their  way  into  the 
intestine  until  they  have  become  softened  and  more  or  less  disintegrated. 

The  contractions  of  the  walls  of  the  stomach  are  of  the  kind  character- 
istic of  the  non-striated  muscular  fibres.  If  the  finger  be  introduced  into 
the  stomach  of  a  living  animal  during  digestion,  it  is  gently  but  rather  firmly 
grasped  by  a  contraction,  which  is  slow  and  gradual,  enduring  for  a  few 
seconds  and  as  slowly  and  gradually  relaxing  and  extending  to  another  part 
of  the  organ.  The  movements  during  digestion  present  certain  differences 
in  different  animals;  but  there  can  be  no  doubt  that  the  phenomenon  is 
universal.  In  dogs,  when  the  abdomen  is  opened  soon  after  the  ingestion  of 
food,  the  stomach  appears  pretty  firmly  contracted  on  its  contents.  In  a  case 
reported  by  Todd  and  Bowman,  in  the  human  subject,  in  which  the  stomach 
was  very  much  hypertrophied  and  the  walls  of  the  abdomen  were  very  thin, 
the  vermicular  movements  could  be  distinctly  seen.  These  movements  were 
active,  resembling  the  peristaltic  movements  of  the  intestines,  for  which,  in- 
deed, they  were  mistaken,  as  the  nature  of  the  case  was  not  recognized  during 
life.  No  argument,  therefore,  seems  necessary  to  show  that  during  digestion, 
the  stomach  is  the  seat  of  tolerably  active  movements. 

A  peculiarity  in  the  movements  of  the  stomach,  which  has  been  repeatedly 
observed  in  the  lower  animals,  particularly  dogs  and  cats,  and  in  certain  cases 
has  been  confirmed  in  the  human  subject,  is  that  at  about  the  junction  of 
the  cardiac  two-thirds  with  the  pyloric  third,  there  is  frequently  a  transverse 
band  of  fibres  so  firmly  contracted  as  to  divide  the  cavity  into  two  almost 
distinct  compartments.  It  has  also  been  noted  that  the  contractions  in  the 
cardiac  division  are  much  less  vigorous  than  near  the  pylorus ;  the  stomach 
seeming  simply  to  adapt  itself  to  the  food  by  a  gentle  pressure  as  it  remains 
in  the  great  pouch,  while  in  the  pyloric  portion,  divided  off  as  it  is  by  the 
hour-glass  contraction  above  mentioned,  the  movements  are  more  frequent, 
vigorous  and  expulsive. 

As  the  result  chiefly  of  the  observations  of  Beaumont,  the  following  may 
be  stated  as  a  summary  of  the  physiological  movements  of  the  stomach  in 
digestion : 

The  stomach  normally  undergoes  no  movements  until  food  is  passed  into 
its  cavity.  When  food  is  received,  at  the  same  time  that  the  mucous  mem- 
brane becomes  congested  and  the  secretion  of  gastric  juice  begins,  contrac- 
tions of  the  muscular  coat  occur,  which  are  at  first  slow  and  irregular,  but 
.  become  more  vigorous  and  regular  as  the  process  of  digestion  advances.  After 
digestion  has  become  fully  established,  the  stomach  is  generally  divided,  by 
the  firm  and  almost  constant  contraction  of  an  oblique  band  of  fibres,  into  a 
(iardiac  and  a  pyloric  portion ;  the  former  occupying  about  two-thirds,  and 
the  latter,  one-third  of  the  length  of  the  organ.  The  contractions  of  the 
cardiac  division  of  the  stomach  are  uniform  and  rather  gentle ;  while  in  the 
pyloric  division,  they  are  intermittent  and  more  expulsive.    The  effect  of  the 
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contractions  of  the  stomach  upon  the  food  contained  in  its  cavity  is  to  sub- 
ject it  to  a  tolombly  uniform  pressure  in  the  eitrdiac  portion,  the  generul 
tendency  of  the  movement  being  toward  tlie  pylorus,  along  the  gi*eater  curva- 
ture, and  back  from  the  pylorus  toward  the  great  pouch,  along  the  les^j* 
curvature.  At  the  constricted  part  which  sei)arates  the  cardiac  from  tli*^ 
pyloric  portion,  there  is  an  obstruction  to  the  passage  of  the  food  until  it  has 
been  sutHciently  acted  npon  by  the  secretions  in  the  cardiac  division  to  have 
become  reduced  to  a  pultaceous  consistence*  The  alimentary  mass  then 
passes  into  the  pyloric  division,  and  by  a  more  powerful  contraction  than 
occurs  in  other  parts  of  the  stomach,  it  is  piissed  into  the  small  intestine. 

The  revolutions  of  the  alimentary  mass,  thus  accomplished,  take  place 
slowly,  by  gentle  and  persistent  contractions  of  the  muscular  coat;  the  UhA 
occupying  two  or  three  minutes  in  its  passjtge  entirely  around  the  stomach. 
Every  time  that  a  revohition  is  accomplished,  the  contents  of  the  stomach 
are  somewhat  diminished  in  quantity;  probably,  in  a  slight  degree,  from  ab- 
sorption of  digested  matter  by  tlte  stonmch  itself,  but  cbielly  by  the  gradual 
passage  of  the  softened  and  disintegrated  mass  into  the  small  intestine.  This 
process  continues  until  the  stomach  is  emptied,  lasting  between  two  and  four 
hours;  after  which,  the  movements  of  the  stomach  cease  until  food  is  again 
introduced. 

Regurgitation  of  food  by  contmctions  of  the  muscular  coats  of  the  stom- 
ach, eructation,  or  the  expulsion  of  ga^*,  kind  vomiting  are  not  jihysiologiad 
SLOtM,  It  has  been  shown  that  vomiting  is  produced  by  contmctions  of  the 
abdominal  muscles  and  the  diaphragm,  com]ircssing  the  stomach,  which  is 
paKsive,  except  that  the  pyloric  opening  is  firmly  closed,  the  cardiac  openiu 
being  relaxed.  Eructation,  although  usually  involuntary,  is  sometimes  under 
the  control  of  the  wilh  When  it  occurs^  while  it  is  difficult  or  impos;sible  to 
prevent  the  discharge  of  the  gas,  the  accompanying  sound  may  be  readily 
suppressed.  Eructation  frequently  tiecomes  a  habit,  which  in  many  persons 
is  so  developed  by  pra^-tice  that  the  act  may  be  perfurmed  voluntarily  at  any 
time.  The  gaseous  contents  of  the  stomach  during  digestion  are  composed 
of  oxygen,  carbun  dioxide,  hydrogen  and  nitrogen,  in  i^roportionB  that  aro 
very  variable. 
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CHAPTER   IX. 

INTESTINAL  DIGESTION. 

Physiological  mnatomy  of  the  small  intestine — Glands  of  Brunner— Intestinal  tubnles,  or  follicles  of  Lieber* 
kfthn— Intestinal  villi— Solitary  glands,  or  follicles,  and  patches  of  Peyer— Intestinal  Juice — Action  of 
the  intestinal  juice  in  digestion— Pancreatic  jaice— Action  of  the  pancreatic  juice  upon  starches  and 
sugars— Action  upon  nitrogenixed  substances— Action  upon  fats— Action  of  the  bile  in  digestion— Bil- 
iary fistula— Variations  in  the  flow  of  bile— Movements  of  the  small  intestine— Peristaltic  and  antiperi- 
staltic movements— Uses  of  the  gases  in  the  small  intestine— Physiological  anatomy  of  the  large  intes- 
tine—Processes of  fermentation  in  the  intestinal  canal— Contents  of  the  large  intestine— Composition  of 
the  fflpces— Excretine  and  excretoleic  acid — Stercorinc— Indol,  skatol,  phenol  etc.— Movements  of  the 
large  intestine— Defwcation— Oases  found  in  the  alimentary  canal. 

Physiological  Anatomy  of  the  Small  Intestine. 

The  small  intestine,  extending  from  the  pyloric  extremity  of  the  stomach 
to  the  ileo-c»cal  valve,  is  loosely  held  to  the  spinal  column  by  a  double  fold  of 
serous  membrane,  called  the  mesentery.  As  the  peritoneum  which  lines  the 
cavity  of  the  abdomen  passes  from  either  side  to  the  spinal  column,  it  comes 
together  in  a  double  fold  just  in  front  of  the  great  vessels  along  the  spine,  and 
passing  forward,  it  divides  again  into  two  layers,  which  become  continuous 
with  each  other  and  enclose  the  intestine,  forming  its  external  coat.  The 
width  of  the  mesentery  is  usually  three  to  four  inches  (7*62  to  10*16  centi- 
metres) ;  but  at  the  beginning  and  at  the  termination  of  the  small  intestine, 
it  suddenly  becomes  shorter,  binding  the  duodenum  and  that  portion  of  the 
intestine  which  opens  into  the  caput  coli  closely  to  the  subjacent  parts.  The 
mesentery  thus  keeps  the  intestine  in  place,  but  it  allows  a  certain  degree  of 
motion,  so  that  the  tube  may  become  convoluted,  accommodating  itself  to 
the  size  and  form  of  the  abdominal  cavity.  The  form  of  these  convolutions 
is  irregular  and  is  continually  changing.  The  length  of  the  small  intestine, 
according  to  Gray,  is  about  twenty  feet  (6*1  metres) ;  but  the  canal  is  very 
distensible,  and  its  dimensions  are  subject  to  frequent  variations.  Its  average 
diameter  is  about  an  inch  and  a  quarter  (3*18  centimetres). 

The  small  intestine  has  been  divided  into  three  portions,  which  present 
anatomical  and  physiological  peculiarities,  more  or  less  marked.  These  are 
the  duodenum,  the  jejunum  and  the  ileum. 

The  duodenum  has  received  its  name  from  the  fact  that  it  is  about  the 
length  of  the  breadth  of  twelve  fingers,  or  eight  to  ten  inches  (20-32  to  25*4 
centimetres).  This  portion  of  the  intestine  is  considerably  wider  than  the 
constricted  pyloric  end  of  the  stomach,  with  which  it  is  continuous,  and  is 
also  much  wider  than  the  jejunum. 

The  coats  of  the  duodenum,  like  those  of  the  other  divisions  of  the 
intestinal  tube,  are  three  in  number.  The  external  is  the  serous,  or  peri- 
toneal coat,  which  has  already  been  described.  The  middle,  or  muscular 
coat  is  composed  of  non-striated  muscular  fibres,  such  as  exist  in  the  stomach, 
arranged  in  two  layers.  The  external,  longitudinal  layer  is  not  very  thick,  and 
the  direction  of  its  fibres  can  be  made  out  easily  only  at  the  outer  portions 
of  the  tube,  opposite  the  attuchment  of  tlie  mesentery.  Near  the  mesenteric 
border  the  outlines  of  the  fibres  are  very  faint.     This  is  true  throughout  the 
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whole  of  the  small  inteMine;  although  the  fibres  are  most  abnndant  in  the 
duodenum.     The  internal  layer  of  fibres  is  considerably  thicker  than  the 

longitudinal  layer.  The«i» 
fibres  encircle  the  tube, 
running  genendly  at  tvz\\i 
angles  to  the  external  luvur. 
but  some  of  them  having 
rather  an  oblique  direcnr." 
The  circular  layer  is  tlm  k- 
est  in  the  duodenum,  di- 
niiniishing  gradually  in 
thickness  to  the  middle  of 
the  jejunum,  but  afterward 
maintaining  a  nearly  uni- 
form thickness  throughout 
the  canal,  to  the  ileo-caeiail 
vidve. 

The  jejunum*  the  see- 
ond  division  of  the  small 
intestine^  is  continuous 
with  the  duodenum.  It 
presente  no  well  marked 
line  of  Fcparation  from  the 
third  division,  but  is  gen- 
erally considered  as  m- 
ehidiiig  the  upper  twt*- 
fifths  of  the  small  intes- 
tine, the  lower  three-fifths 
being  calleil  the  ileum.     It 

Fm.  m.—^^tomixch.  intt,  anuiU  ii^t^Une  etc.  iSappe>'>.  jj^^  rcCCivcd    the   name  je- 

1.  inferior  »urfnrr  *,/  the  liver;  2.  round  Ugntnrni  of  the  /ttyr  ,*  S,  ,                                    i        •             l 

,.,.^/ *,j.../ /  ^  .   ,   -■—r\,rsvr/ficfofthrritjhtIahffjftheIn-rr:  JUntim    from    the    faCt  that 

jmiiinn  of  thir*  ii*Ki»plm»irii« ;  4,  nfomarh  :  t       .         .                   ,                ^            , 

tn  :  9,^p\i^^i\\  UlQttHtrfHtpfrnictmtn-  it    LS    aluiOSt    alwaVS  fouud 

rr-.,i,    ij.  .x.r.,M-,.rE,M  ,   V4,  l2,Mmall  intrjutine :  J  3,  c*eii »«;  14,  ^           .         .* 

njjppmiix  vfrmifftrmiM  ;  15,  15,  tr<tnj<t*f'rinf  colon;  16,  figtnoid  empty  after  tleath- 

Jtejcure  of  t lie  colon  :  17^  nrianjry  bituldtr.  „,^           ,. 

I  he  ileum  is  some^ 
what  narrower  and  thinner  than  the  jejunum,  otherwise  possessing  no 
marked  peculiarities  except  in  vis  mucous  membrane.  This  division  of  the 
intestine  opens  into  the  colon. 

Mucous  Membra ne  of  the  Small  Infest ine.—The  mucous  coat  of  the  gmall 
intestine  is  somewliat  thinner  than  the  lining  membrane  of  the  stomaclu 
It  is  thickest  in  the  dumlennm  and  gmdually  beeomes  thinner  toward  the 
ileum.  It  is  highly  vascular,  presenting,  like  the  mucous  membrane  of  the 
stomach,  a  great  increase  in  the  qinintity  of  blood  thiring  digestion*  It  has  a 
jieculiar  s<jft  and  velvety  ai^pcamncc,  and  during  digestion  it  is  of  a  vi\id- 
red  color,  being  pale  pink  during  the  intervals.  It  presents  for  anatomical 
description  the  following  parts:  1,  folds  of  the  memhnme,  calle<i  valvnl» 
conniventes;  2,  iliiodeoal  ro^-emose  glands,  or  glands  of  Brunner;  3,  intestiniil 
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tubules,  (ft  follicles  of  Lieberkiilin ;  4,  intestiual  villi ;  5,  Bolitary  glands,  or 
follicles;  6,  agniiimted  glandci,  or  jmtehe^  of  Peyen 

The  valTula?  eoimiventee,  simple  tmnsverse  duplicatores  of  the  mucous 
membrane  of  tlie  intestine,  are  jMirtit'uliirly  well  marked  in  man,  althongh 
Uu»y  arr  found  in  some  of  the  inferior  animals  Iwlonging  to  the  class  of  mura- 
iOiats,  as  the  elephant  and  the  eameh     They  render  the  extent  of  the  mneons 
lembrane  mneh  crreuter  than  tjiat  of  the  other  eoats  of  the  intestine.     Be* 
ginning  at  about  the  middle  of  the  duodenum,  they  extend,  with  no  diminu- 
tion in  number,  througliout  tlie  jejunum.     In  the  ileum  they  progressively 
diminish  in  number,  until  they  are  lost  at  about  its  lower  third.     There  are 
ibout  ^\x  hundred  of  tJiesio  folds  in  the  first  luilf  of  the  fiinall  intestine  and 
Ftwo  hnndred  to  two  hundred  and  tifty  in  the  lower  half  (Sappey),     In  those 
portions  of  intestine  where  they  are  most  abundant,  they  increase  the  length 
)(  the  mueons  membinine  tt»  about  double  that  of  the  tube  itself;  but  In  the 
•"ileum  they  d<»  not  inereiyie  the  length  more  than  one-sixth.     The  fold.s  are 
ttlw^ays  trHnsvei*se  and  occupy  usually  one-third  to  one-half  of  the  circumfer- 
^ence  of  the  tnlje*  althongh  a  few  may  extend  entirely  arouuil  it.     The  great- 
8t  width  of  each  fold  is  at  its  eentre,  where  it  measures  a  qnart/er  to  hidf  an 
inch  (0*4  to  Vi'7  mm.).     From  this  point  t!ie  width  gradually  diminishes 
until  the  folds  are  lost  in  the  membrane  as  it  is  attached  t^^  the  muscular 
coat,    lietween  the  folds  are  found  iilrres  of  connective  tissue  similar  to  those 
irhich  attach  the  membrane  throughout  the  whole  of  tlie  alimentary  irmt, 
^This,  though  loose,  is  constant,  and  it  prevents  the  folds  from  being  etTaced, 
even  when  the  intestine  is  distended  to  ita  utmost.     Between  the  folds  are 
found  bIo<id-vessels,  nerves  ami  lymphatics. 
The  position  and  arrangement  of  the  valvula?  connivent^s  are  such  that 
ihey  move  freely  in  both  directions  and  may  be  aijplied  to  the  inner  surface 
Lof  the  intestine  either  above  or 
^bebjw  their  lines  of  attiichment 
It  ts  ertdent  that  the  food,  as  it 
;  tilong  in  obedience  to  the 
eristiiUic  njovements,  must,  by 
insinuating    it5?elf   beneath    the 
fohis  and  passing  over  them,  be 
exjxjsed  to   a  grexiter  extent  of 
mucous  membrane  than  if  these 
valves  did    not  exist,     ThiB  is 
about  the  only  definite  use  that 
can  be  iissigned  to  them. 

Thickly  set  beneath  the  mn- 
cMiiis  membrane  in  the  first  half 
fCif  the  duodenum,  and  scattered 
jiere  and  there  throughout  the 

of  its  extent,  are  the  duodenal  racemose  glands,  or  the  glands  of  Bnin- 
ler.  These  are  not  found  in  other  parts  of  the  intestinal  canah  In  their 
ItFUcture  they  closely  resemble  the  racemose  glands  of  the  tesopbagus.     On 


Fio,  iSt\~Otand  of  Brunner,  from  the  human  Mukfect 
CFVeyi. 
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diasecting  the  miiiiteular  coat  from  the  mucous  membrane,  they  may  be  aeen 
with  the  naked  eye,  in  the  arenjltir  tissuts  in  the  form  of  Httle,  ronndeci  bod* 
ies,  about  one-tenth  of  an  ineli  {*i-5  mm.)  in  dinmeter.     Examined  micro- 
aoopically,  these  bodies  are  found  to  consist  of  a  krge  number  of  ronndtil 
follicles  held  together  by  a  few  fibres  of  connective  tissue.     They  have  1 ' 
vtasids  mmifying  on  their  exterior  and  are  lined  with  glandular  epith« 
They  t^mmunicate  with  an  excretory  duct  which  penetrates  themucons  n- 
brane  and  opens  into  the  intes^tinal  cavity      When  these  structnree  are  ex- 
amined  in  a  perfectly  fresii  preparation,  the  excretory  duct  is  fret|ueiitlv 
found  to  contain  a  clear,  viscid  mucua,  of  an  alkaline  reaction*     This  secre- 
tion has  never  been  obtained  in  quantity  sufficient  to  admit  of  the  determi* 
nation  of  its  chemical  or  physiological  properties.     Its  quantity  must  be  verj-  ^ 
sma)]^  compared  with  the  secretion  produced  by  the  follicles  of  Lieberkuhn. 
The  intestinal  tubules,  or  follicles  of  Licbcrkuhn,  the  most  important 
glandular  structures  in  the  intestinal  mucous  membrane,  are  found  through- 
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Via  eR~Tntegtinnt  htbuiM ;  mntjmJ^  *00  diameitifit  (Rftppejr). 
A.  From  the  #1o<f,     l,  (hxvrvtnry  coiml :  2,  2,  priiimrv  brattcbes;  S,  S,  •eootidao'  bninc*i*«  t  **  4.  t^rrniiMJ 


B.  I 


l:4.i 


Y .    1,  *^%%TtviA3ry  caiml :  2,  pHneipal  brancti  dividing  Into  two ;  8«  UniA^  tlDd 

C  1  - -..:  -hetfp.     1,  tnmk  :  2,  2,  brauchtfs. 

U.  SiUK^e  tijlxr^,  from  the  pi}?, 

£.  Fn>n)  the  rabbit  and  luire.    K  simple  fslnnA  ;  2.  3.  I.  bifid  glAsds:  5i.  eotnpCMiid  glmnd  ttom  tht 
duodeuiiiu. 


out  the  whole  of  the  small  and  large  intestines.     In  examining  a  thin  sectinfP 
of  the  mucous  membrane,  those  little  tubes  are  seen  closely  packed  together, 
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occupying  nearly  the  whole  of  its  struettu-e.  Between  the  tubules^  are  blood- 
vessel embedded  in  a  dense  stroma  of  fibrous  tissue  with  non-striate<i  inns- 
cular  fibres.  In  vertitml  sections  of  the  miiroiis  membrane,  the  only  t^itua- 
tions  where  the  tubules  are  not  seen  are  in  that  portion  of  the  duodenum 
occupied  by  the  ducts  of  the  glands  of  Bnmner  and  immediately  over  the 
centre  of  the  larger  solitary  glands  and  some  of  the  closed  follielesj  which 
are  collected  to  form  the  patches  of  Peyer*  The  tubes  are  not  entirely  absent 
in  the  imtches  of  Peyer,  but  are  here  collected  in  rings,  twenty  or  thirty  tubes 
deep,  which  surround  each  of  the  close<l  follicles.  Microscopical  examination 
of  the  eurfjice  of  tlie  mucous  mcmbi'une  by  reflected  light  shows  that  the 
openings  of  the  tuhuicd  are  between  the  villi. 

The  tubules  usually  are  simple,  though  sometimes  bifurcated,  ai*e  com- 

{losed  extenially  of  a  structureless  baseuieut-meirihrane,  nml  are  lined  with  a 

layer  of  cylindrical  epitheliuui  like  the  cells  whieh  cover  the  villi,  the  only 

difference  being  that  in  the  tubes  the  cells  are  shorter.     These  cells  never 

itmtain  fatty  gmnules,  even  during  the  digestion  of  fat.     The  eeutral  cavity 

rhich  the  cells  enclose,  which  is  alnrnt  one-fourth  of  the  diameter  of  the 

tube,  is  filled  with  a  clear,  viscid  fluid,  which  is  the  most  important  eonstitu- 

Bnt  of  the  intestinal  juice.     The  length  of  the  tubules  is  equal  to  the  thick- 

of  the  mucous  membrane  and  is  about  -^  of  an  inch  (iKiH  mm.).     Their 

|iiameter  is  about  ^^^  of  an  inch  (O-O?  mm.).     In  man  they  are  cylindrical, 

Brminating  in  a  single,  roimded,  blind  extremity,  which  frequently  is  a  little 

irger  than  tbe  rest  of  the  ttd>e.    These  tubules  are  the  chief  ageuts  concerncKi 

in  the  produf^ticm  of  the  fluid  kuuwn  a^  the  intestinal  juice. 

The  intestinal  villi,  though  chiefly  coDcerned  in  absorption,  are  most  con- 
veniently considered  in  this  connection.  These  exist  throughout  the  whole 
the  small  intestine,  but  are  not  found  beyond  the  ileo-Ctecal  valve,  althruigh 
tiey  cover  that  iwrtion  of  the  valve  which  looks  toward  the  ileum.  Their 
number  is  very  great,  and  they  give  to  the  membrane  its  jieeuliar  and  char- 
eteristic  velvety  ajjpearance.  They  are  fcuind  on  the  valvuhe  conniventes  as 
rell  as  on  the  general  surface  of  the  mucous  membrane.  They  are  most 
abundant  in  the  duodenum  and  jejunum.  Sappey  estimated,  as  an  average, 
abcmt  6,450  to  the  square  inch  (1,000  in  a  sffuare  centimetre)  ami  more  than 
ten  millions  {104->5,000)  throughout  the  wlhilt:  of  the  snmll  intestine.  In 
the  human  subject  the  villi  are  flattened  cylinders  or  cones.  In  the  duode* 
num,  where  they  resemble  somewhat  the  elevations  found  in  the  pyloric  por- 
tion of  tlie  stomaeli,  they  are  shorter  and  broadt^r  than  in  other  situations 
and  are  more  like  Ilattened,  conical  folds.  In  the  jejunum  and  ileum  they 
are  in  the  form  of  long,  flattened  cones  and  cylinders.  As  a  rule  the  cylin- 
drical form  predominates  in  the  lower  portion  of  the  intestine.  In  the  jeju- 
num they  attain  their  greatest  length,  measuring  here  ^  to  ^  of  an  inch 
(0*83  to  1*25  mm.)  in  length  by  y^  to  -j^  of  an  inch  (0'36  to  0-21  mm.) 
in  breadth  at  their  ba«e. 

The  structure  of  the  villi  shows  them  to  be  simple  elevations  of  the 
mucous  membrane,  provided  with  blm>d*vessels  and  with  hicteals,  or  intestinal 
Ijinphatics.  Externally  is  found  a  single  layer  of  long,  cylindrical  epithelial 
17 
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oelK  resting  on  a  structureless  basemen t^membrane.    Tbese  cells,  though 
closely  adherent  to  the  subjacent  parts  during  life,  are  easily  detachtvi 

death  and  are  almost  ll  „ 
destroyed  and  remoTed  in 
injected  preparationi*.  T' 
adhere  firmly  U>  earh  >> 
and  are  isolated  with  diiii* 
culty  in  microscopicsil  prep- 
arations. The  borders  of 
the  free  surfaces  of  the* 
cells  are  thickened  and  fine- 
ly striated,  forming,  as  it 
were,  a  special  membrant' 
covering  the  rill  us  and  ex- 
t-ernal  to  the  cells.  Between 
the  cylindrical  cells  are  a 
few  of  the  so-c4illed  goblet- 
cells  similar  to  those  found 
on  the  mucous  membrane  of 
the  stomach    (see    Fig,  V*iK 

Fia.'m.^Copillart/net-tcork    I^  ^  _  ^* 

of  an    int€»tinai  viiiw  Fhe    substance    of    ttu' 

a,  venous  trouk  :  b,  arterial     VlllUS   IS  COm[R^^a  Of  amor- 

'^^^  phous  matter,  in  which  are 

embtnlded  nuclei  jind  a  few  fibres,  fibro-pki?tie  cells  and  non-striateil  mne» 
eular  fibres.     Tlit-  liluod- vessels  aire  very  alumdanl  ;  four  or  five,  and  some- 
times as  many  as  twelve  or  fifteen  arterioles  entering  at  the  ba«*,  rami- 
fying through  the  substance  of  the  vil- 
lus, but  not  bmnching  or  anastomosing 
or  even  diminishing  in  ealiher  until,  by 
a  slightly  wavy  turn  or  loop,  th\v  com- 
muuieute  witli  the  venous  nulirlcs,  emAi 
oi  which  is  somewhat  larger  tlian  the 
arterioles.     The   veins  all  converge  to 
two  or  three  branches,  finally  emptying 
into  a  large  trunk  situated  nearly  in 
the  long  axis  of  the  villus. 

The  muscular  fibre-s  of  the  villi  are 
hmgitudinal,  forming  a  thin  layer  sur- 
rounding the  villus,  about  half-way  be- 
tween the  |>eriphery  and  the  centre, 
and  continuous  with  the  muscular  coat  ^'** 
of  the  intestine. 

In  the  central  portion  of  each  villus,  is  asnudl  lacteal,  one  of  the  vessels  i>f 
origin  of  the  lacteal  system,  with  an  extremely  delicate  wall  compo«e<l  of 
endothelial  cells  with  frequent  stumata,  or  small  openings,  between   their 


n.a.a,  epithelial  CNweTlnj?  :  6,  h, 
ca[>iIliio  net  We  irk :  c,  v,  lougi- 
tudinal  niiiscuUu-  fibres  ;  d, 
lacte&l. 
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borders.  This  vessel  is  probably  in  the  form  of  a  single  tube,  either  simple 
or  presenting  a  few  short,  rounded  diverticula. 

The  stomata  of  the  lacteal  vessel  are  thought  to  communicate  with 
lymph-spaces  or  canals  in  the  substance  of  the  villus.  Owing  to  the  ex- 
cessive tenuity  of  the  walls  of  the  lacteals  in  the  villi,  it  has  been  found 
impossible  to  fill  these  vessels  with  an  artificial  injection,  although  the 
lymphatics  subjacent  to  them  may  be  easily  distended  and  studied  in  this 
way. 

No  satisfactory  account  has  ever  been  given  of  nerves  in  the  intestinal 
villi.  If  any  exist  in  these  structures,  they  probably  are  derived  from  the 
sympathetic  system. 

The  solitary  glands,  or  follicles,  and  the  patches  of  Peyer,  or  agminated 
glands,  have  one  and  the  same  structure,  the  only  difference  being  that  those 
called  solitary  are  scattered  singly  in  very  variable  numbers  throughout  the 
small  and  large  intestine,  while  the  agminated  glands  consist  of  these  folli- 
cles collected  into  patches  of  different  sizes.  These  patches  are  generally 
found  in  the  ileum.  The  number  of  the  solitary  glands  is  very  variable,  and 
they  are  sometimes  absent.  The  patches  of  Peyer  are  always  situated  in 
that  portion  of  the  intestine  opposite  the  attachment  of  the  mesentery. 
They  are  likewise  variable  in  number  and  are  irregular  in  size.  They  usu- 
ally are  irregularly  oval  in  form,  and  measure  half  an  inch  to  an  inch  and 
a  half  (12*7  to  38*1  mm.),  in  length  by  three-fourths  of  an  inch  (19-1  mm.) 
in  breadth.  Sometimes  they  are  three  to  four  inches  (7*6  to  lO'l  centi- 
metres) long,  but  the  largest  are  always  found  in  the  lower  part  of  the 
ileum.  Their  number  is  about  twenty,  and  they  are  generally  confined  to 
the  ileum  ;  but  when  they  are  very  abundant — for  they  sometimes  exist  to 
the  number  of  sixty  or  eighty — they  may  be  found  in  the  jejunum  or  even 
in  the  duodenum. 

Two  varieties  of  the  patches  of  Peyer  have  been  described  by  anatomists. 
In  one  of  these  varieties,  the  patch  is  quite  prominent,  its  surface  being 
slightly  raised  above  the  general  mucous  surface ;  in  tlie  other,  the  surface  is 
smooth,  and  the  patch  is  distinguished  at  first  with  some  difficulty.  The 
more  prominent  patches  are  covered  with  mucous  membrane  arranged  in 
folds  something  like  the  convolutions  on  the  surface  of  the  brain.  The 
valvulae  conniventes  cease  at  or  very  near  their  borders.  These  are  the  only 
patches  which  are  generally  described  as  the  glands  of  Peyer,  the  others, 
which  may  be  called  the  smooth  patches,  being  frequently  overlooked.  The 
latter  are  covered  with  a  smooth,  thin,  and  closely  adherent  mucous  mem- 
brane. Their  follicles  are  small  and  abundant.  The  borders  of  these  patches 
are  much  less  strongly  marked  than  in  those  of  the  first  variety.  As  they  are 
evident  only  upon  close  examination  and  as  they  are  the  only  patches  present 
in  certain  individuals,  it  is  said  that  sometimes  the  patches  of  Peyer  are 
wanting.     They  are  usually  in  less  number  than  the  first  variety. 

The  villi  are  very  large  and  prominent  on  the  mucous  membrane  cover- 
ing the  first  variety  of  Peyer's  patches,  especially  at  the  summit  of  the  folds. 
In  the  second  variety  the  villi  are  the  same  as  over  other  parts  of  the  mu- 
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Fio.  72.—Ptitch  of  Beffrri^fpp^). 
1,  1,  1.  piaich  of  Pe3'er;  2.  %  U^Uls 


C0U3  membraue,  except  that  they  are  placed  more  ure^olarlj  and  are  not  ao 

abundant. 

The  follicles  which  form  the  patc!ies  of  Peyer  are  completely  closed  aiui 

are  somewhat  |x*ar*shajjed,  with  their  pointed  projections  directed  towani 

the  eavit^^  of  the  intestine.  Just  abo?e  the  fol- 
licle, there  genemliy  is  a  small  opening  in  the 
mucous  membrane,  surrounded  by  a  ring  of  in- 
testinal tubules,  and  leading  to  a  cavity,  the  ba^ 
of  which  b  convex  and  i^  formed  by  the  coni- 
cal projection  of  the  follicle.  The  diameter  of 
the  follicles  is^y  to  ry  or  -j^  of  an  inch  {OIU  U) 
1  or  ;i  mm*)  The  small  follicles  generally  arv 
covered  by  mucous  membrane  and  have  no  open- 
ing leading  to  them.  Each  fulUele  consists  < 
a  rather  strong  capsule  composed  of  an  almu 
homogeneous  or  slightly  fibrous  membrane,  en- 
closing a  semi-fluid,  grayish  ^ubstance^  cell 
blcjoii- vessels  and  possibly  lymphatic**,  Tl 
semi-fluid  matter  is  of  an  iUbuminoid  character 
The  cells  are  very  small,  rounded,  and  mingled 
8een'ontheMirfiu'e:3,3.ifn)ovea  with  small,  free  nuclci.     The  blood-vessclti  have 

bc*tW««Q   UMS    folds  :     4,    I.  ff)Mrttt4  ' 

bettreeti  «oitie  of  th<*  foi/is ;  5. :,.  rather  a  peculiar  arrangement.     In  the  ' 
u» ;  e.  6, «  6.  **jutdrj' gtaiid-s :  7,   they  are  distributed  between  the  fuUit 

ft^t  "   UTOftller  HolltAry  ^landH;  ; 

^.s^snUCATTKiaadftupuntbe  vai-  to  form  a  Hch  nct-work  snrroundmg  each  one. 

niijB  cotmivetiUaL  ^         n  i  i  ^  t  t^^ 

Capillary  branches  are  sent  from   tliejst*  v**sse|p 
into  the  interior  of  the  follicle,  returning  in  the  form  of  looi»s.     L^^mphuti 
vessels  have   not  been  distinctly  shown  within   the   investing  memlinine. 
They  liave  been  demonstrated  surrounding  the  follicles,  but  it  is  still  doubt- 
ful whether  they  exist  in  their  interior.     All 

that  is  known  is  that  during  digestion,  the 
number  of  lacteals  coming  from  the  Peyerian 
jiatches  is  greater  than  in  other  part^  of  the 
mucous  membrane ;  but  vessels  c<intaining  a 
milky  fluid  are  never  seen  within  the  follicles. 
The  description  of  the  follicles  which  com- 
jK)se  the  patches  of  Peyer  answers,  in  general  5  _ 
terms,  for  the  solitary  glands,  except  that  the 
latter  are  found  in  both  the  small  and  large 
intestines. 


IxTESTiXAL  JrirE. 

Of  the  three  fluids  with  which  the  food  is       *-^^^-^ 
brought   in  contact  in   the  intestinal   canal,  Fm  Tt—p^ffrh 
namely,  the  bile,  the  pancreatic  juiee  and  the  1, 1, , 
intestinal  juiee,  the  bust,  the  seinetion  of  the 
mucoufi  membrane  of  the  small  intestine-*  j>re- 
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sents  the  greatest  difficulties  in  the  investigation  of  its  properties  and  uses. 
If  it  be  admissible  to  reason  from  the  known  mechanism  of  secretion  in  other 
parts,  it  is  fair  to  suppose  that  the  normal  secretion  of  the  glands  in  the 
mucous  membrane  of  the  small  intestine  can  take  place  only  under  the 
stimulus  of  food.  The  same  cause  excites  the  secretion  of  the  pancreatic 
juice  and  increases  the  flow  of  bile ;  and  the  food,  as  it  passes  from  the 
stomach  into  the  duodenum,  is  to  a  great  extent  disintegrated  and  is  min- 
gled with  the  secretions  from  both  the  mouth  and  the  stomach.  Under  these 
circumstances,  it  is  evidently  impossible  to  collect  the  intestinal  juice  under 
perfectly  physiological  conditions,  in  a  state  of  purity  sufficient  to  admit  of 
extended  experiments  regarding  its  composition,  properties,  and  action  in 
digestion. 

The  experiments  of  Bidder  and  Schmidt,  Thiry,  Colin,  Meade  Smith  and 
others  have  given  but  little  positive  information  with  regard  to  the  general  prop- 
erties, even,  of  the  intestinal  juice,  to  say  nothing  of  its  digestive  action.  It  may 
be  stated  in  general  terms,  that  the  physiologists  just  mentioned  have  attempted 
to  obtain  the  pure  secretion  of  the  follicles  of  Lieberkiihn  by  isolating  portions 
of  the  intestine  and  either  taking  the  secretion  as  it  formed  spontaneously  or 
exciting  the  action  of  the  glands  by  various  means.  When  it  is  remembered 
how  different  the  secretion  of  the  stomach,  under  the  natural  stimulus  of  food, 
is  from  the  fluid  produced  during  the  intervals  of  digestion,  it  is  evident  that 
little  reliance  is  to  be  placed  upon  the  experiments  that  have  thus  far  been 
made  upon  the  lower  animals.  Nearly  all  observers  agree,  however,  that  the 
intestinal  juice  which  they  have  been  able  to  collect  is  yellow,  thin  and 
strongly  alkaline.  Some  have  found  it  thin  and  opalescent,  while  others 
state  that  it  is  viscid  and  clear.  According  to  Colin  the  closed  follicles  of  the 
intestine  produce  a  viscid  fluid,  which  probably  exudes  through  their  walls. 
Colin  came  to  this  conclusion  from  observations  upon  a  large,  ribbon-shaped 
agminate  gland,  about  six  feet  (183  centimetres)  in  length,  which  exists  in 
the  small  intestine  of  the  pig.  In  a  case  of  fistula  into  the  upper  third  of 
the  intestine  in  the  human  subject,  produced  by  a  penetrating  wound  of  the 
abdomen — which  will  be  referred  to  again — Busch  found  a  fluid  that  was 
white  or  of  a  pale  rose-color,  rather  viscid  and  always  strongly  alkaline.  The 
maximum  proportion  of  solid  matter  which  it  contained  was  7*4:  and  the 
minimum,  3.87  per  cent.  The  secretion  apparently  could  not  be  obtained  in 
sufficient  quantity  for  ultimate  analysis.  No  better  opportunity  than  this 
has  been  presented  for  studying  the  intestinal  juice  in  its  pure  state.  The 
nature  of  the  case  made  it  impossible  that  there  should  be  any  admixture  of 
food,  pancreatic  juice,  bile  or  the  secretion  of  the  duodenal  glands;  and 
during  the  process  of  digestion,  the  lower  part  of  the  intestine  undoubtedly 
produced  a  perfectly  normal  fluid. 

From  what  has  been  ascertained  by  experiments  upon  the  lower  animals 
and  observations  on  the  human  subject,  the  intestinal  juice  luis  been  shown 
to  possess  the  following  characters : 

Its  quantity  in  any  portion  of  the  mucous  membrane  which  can  be  ex- 
amined is  small ;  but  when  the  extent  of  the  canal  is  considered,  it  is  evident 
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that  the  entire  quantity  of  intestinal  juice  must  be  great,  although  beyon 
this,  no  reliable  estimate  can  l>e  ma^ie. 

The  intestinal  juice  is  viseid  and  has  a  tendency  to  adhere  to  the  muc 
membrane.     It  generally  is  either  colorless  or  of  a  faint  rose-tint,  and  its  re- 
action is  invariably  alkaline. 

With  regard  to  the  composition  of  the  intestinal  juice,  little  of  a  definite 
character  has  been  learned.  All  that  can  be  said  is  that  its  solid  constituents 
exist  in  the  pmportioii  of  about  five  and  a  half  parts  per  hundred.  In  mogt 
analyses  of  fluids  from  the  intestine,  there  i^  reason  to  believe  that  the  normal 
intestinal  juice  was  not  obtained. 

The  structures  whieh  secrete  the  fluid  known  as  the  intestinal  juice  ai^ 
the  follicles  of  Lieberkuhn,  the  glands  of  Brunner  and  possibly  tlie  eolitanr 
follicles  and  patches  of  Fever.  The  secretion,  however,  is  produced  chiefly 
by  the  follicles  of  Lieberkulin.  Although  the  other  structures  mentiuned  dn 
not  contribute  much  to  the  secretion,  they  produce  a  certain  quaiiity  of 
fluid ;  and  the  intestinal  juice  must  be  regarded  as  a  compound  fluid,  like 
the  saliva,  and  not  as  the  ]in:Miuct  of  a  single  glandular  organ,  like  the  pan* 
creatic  juice. 

Action  iff  the  Ifttentinal  Juice  in  Digestion. — The  phy.'^io logical  action  i 
the  intestinal  juice  hiis  lx>en  studied  in  the  inferior  animals  by  Frerichs,  Hi 
der  and  »Schmidt  and  many  others ;  but  their  experiments  have  been  son 
what  contradictory.  Ail  are  agreed,  however,  that  this  fluid  is  more  or  le 
active  in  transforming  starch  into  sugar.  The  observations  of  Busch,  om 
the  case  of  intestinal  fistula  in  the  human  subject,  have  given  the  most 
satisfactory  and  definite  information  on  this  point.  In  many  regards  the 
observations  simply  confirm  those  which  have  been  made  upon  the  in 
rior  animals,  but  they  are  of  great  value,  as  they  establish  many  importii 
facts  relating  to  the  physiological  action  of  the  intestinal  juice  in  the  huma 
subject. 

The  case  reported  by  Busch  wa,H  that  of  a  woman,  thirty-one  years  of  age," 
who,  in  the  sixth  month  of  her  fourth  pregnancy,  was  injured  in  the  abdo^ 
men  by  being  tossed  by  a  bull.     The  wound  was  between  the  umbilicus  an 
tlie  pubes,  presenting  two  contiguous  openings  connected  with  the  intestina 
canal.     It  was  supposed  that  the  openings  were  into  the  upper  thiixl  of  tla* 
small  intestine*     At  the  time  the  patient  first  came  under  observation,  evei; 
thing  that  was  taken  into  the  stomach  w^as  discharged  by  the  upper  opening 
and  ail  attempts  to  establish  a  communication  between  the  two  by  a  surgic 
operation  hatl  failed.     At  this  time  the  patient  was  extremely  emac*iated,  h$ 
a  voracious  appetite,  and  was  evidently  suffering  from  defective  nutritio 
resulting  from  the  constant  discharge  of  alimentary  matters  from  the  tistii 
Having  been  treate<l,  however,  by  the  intmduetion  of  cooketl  food  into  ihe 
opening  connected  with  the  lower  end  of  the  intestine,  she  soon  improved  in 
her  nutrition  and  was  then  made  the  subject  of  extended  observations  upim 
intestinal  digestion. 

In  this  ttase,  starch,  both  raw  and  hydrated,  when  introduced  into  the 
lower  opening,  where  it  cjime  in  contact  only  with  the  intestinal  juice,  waa 
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Iriabiv  cliiiuged  into  glucose,     Cime-sugur  was  nnt  tninsfnnnecl  into  glu- 
but  Hppcttred  in  the  faeces  as  oune-Bugur;  and  this  is  irnjHirhiiit  with 
reference  both  to  the  want  of  action  of  the  intestinal  juice  upon  cane-sugar 
ad  the  fact  that  canc-gugar,  a^  such,  ig  not  absorbed  in  cjuantity  by  the  in- 
Btinal  mucous  membrane. 
CoaguUited  albumen  and  cooked  meatus  were  alwa\g  more  or  les^  digested 
the  intestinal  juice.     This  fact  coincides  witli  the  observations  uf  Bidder 
id  Schmidt  in  their  experiments  upon  dogs  and  cats. 

The  observations  which  were  miwle  on  fats,  melted  butter  antl  cod-liver 
Si  showed  that  the  pure  intestinal  juice  had  little  or  no  action  upon  them. 
Tbese  substiinced  always  appeareti  in  the  fasces  unchanged.  When,  however, 
fatter  matters  were  taken  into  tlie  stomach,  they  were  discharged  from  the 
apper  opening  in  the  intestine,  in  the  form  of  a  very  tine  emulsion,  and  could 
not  be  recognized  as  fat 

It  is  evident  from  these  facts,  that  the  intevstinal  juice  is  important  in 
Sgei^tion,  more  as  a  fluid  whicli  aids  the  general  process  as  it  takes  place  in 
the  small  intestine  than  as  one  having  a  peculiar  action  upon  any  distinct 
olftss  or  cla£8es  of  alinxentary  substances.  It  undoubtedly  assist*?  in  complet- 
ing the  digestion  of  the  alhiumooids  and  in  transforming  starch  into  sugar. 
Although,  in  the  latter  proems,  its  action  is  very  marked,  the  same  property 
belongs  to  the  saliva  and  the  pancreatic  juice.  Intimately  mingled— as  it 
always  is  during  digestion— with  the  bile  and  the  pancreatic  juice  as  well  as 
with  various  aliments 
ry  substances,  the  in- 
stinal  juice  should 
studied  as  it  acts 
m  the  food  in  con- 
Hition  with  the  other 
lids  found  in  the 
aall  intestine. 
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Tlie  pancreas  is  sit- 

it4?d   traiLsveraely  in 

lie  upper  part  of  the 

bduniinal  cavity  and 

closely  aj)plied    to 

jiosterior  wall.    Its 

prm  is  elongated,  pre- 

iting    an   enhirged, 

lick    portion^  ceiled 

the  head,  which  is  at- 

?hed  to  the  duodenum,  a  body,  and  a  pointed  extrendty,  whicli  latter  is  in 

ose  relation  to  the  hilum  of  the  spleen.     Its  average  weight  is  four  to  five 

ounces  (114*4  to  141*7  grammes);  its  length  is  alniut  seven  inches  (17'7B 

pntimetres);  its  greatest  breadth,  about  an  inch  and  a  half  {3-81  centime- 


Fio,  74,— Gflf/'Wadd^r,  ductus  tihifle<tiHliti}t  mul  punt-rrffni  ilj^  Bon). 
gall'blAilfler ;  ft,  ln'imUc  duct:  r.  oj*t»nin*r  of  tlit^  Hfc^md  thun  of  the 

panrr**H«  ;  d,  ofieoin^  of  Uit*  mnm  pancrt^atic  dart  and  tlie  bile-duot ; 

r,  e,  ducidenum  ;  /,  duottis  choledochus ;  p^  pancreita. 
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tres) ;  and  its  thickness^  three-quarters  of  an  inch  (1-91  centimetre).     It  lies 
behind  the  peritoneum,  which  covers  only  its  anterior  isurface. 

There  are  nearly  always,  in  the  human  subject*,  two  pancreatic  ductn 
opening  into  the  duo<iennm ;  one  which  opens  in  common  with  the  ductus 
communis  eholedoehug,  and  one  which  opens  about  an  inch  (•4a"4  mm-)  aV*vc 
the  main  duct  The  main  duet  is  about  an  eighth  of  an  inch  (3*'^  ram.)  in 
diameter  and  extends  along  the  body  of  the  gland,  becoming  larger  as  it 
approaches  the  opening*  The  second  duct  is  smaller  and  becomes  dimin- 
ished in  caliber  a^  it  passes  to  the  duodenum.  In  general  appearance  and  in 
minute  structure,  the  pancreas  re^mbles  the  parotid  and  submaxillary  glands. 
The  normal  pancre^itic  juice  may  be  obttiine<l  by  cstiiblighing  a  temprmrv 
iigtttla  in  the  main  pancreatic  duct  of  a  living  animal  (Bernard)*  This  mav 
be  done  in  the  dog,  the  pancreas  being  exposed  by  an  incision  in  the  f  _ 
hypochondrium,  and  a  canula  of  proper  size  being  introduced  thmugh  t 
made  in  the  duct,  and  secured  by  a  ligature.    The  extenml  wound  is  tlien 

closed  and  the 
end  of  the  tub© 
i&  allowed  to  pn> 
ject  from  the  ab- 
domen. The  fluid 
as  it  is  dis- 
charged from  the 
tube  may  be  col- 
lee  ted  in  a  te$ 
tube,  or  a  tlit 
gum-etftstic 
mav  l>e  :j 
Like 
dige3ti%*e  Jlttid 
the  pancr 
juice  h  secret 
in  abundance  on 
ly  during  di]E 
otta^iunji  oi**"cinui»  tion.  It  is  there- 
fore necessary  to 
feed  the  ammal 
moderately  about  an  hour  before  the  operation,  so  that  the  pancreas  may  be 
in  full  activity.  When  the  gland  is  exjKiged  at  that  time,  it  is  filled  with 
blood  and  has  a  rosy  tint^  conti-asting  strongly  with  its  pale  apj)eanince  di 
the  intervals  of  digestion. 

The  secretion  of  normal  pancreatic  juice  is  entirely  suspended  durinj^ 
intervals  of  digestion.^    This  fiR*t  can  be  observed   by  ojieniug  animal*; 
digestion  and  while  fasting.     During  digestion  the  pancreatic  duct  is  alwaj 
found  full  of  normal  secretion;  and  during  the  intervals  it  generadly 
empty.    The  secrt^ticm  begins  to  flow  int^  the  duodenum  during  the  fir 
periods  of  gastric  digestion,  before  alimentary  matters  have  begun  to  pMB  i 


Fie.  75.— nmiitt/o  firtd  in  the  pancreatic  duct  f  Bernard). 
Ay  principal  poticrv^tic  dyct  ttf  the  doe  ;  b,  smaller  pancreatic  tluot ;  c,  Uj^ture 
ftecurin^  a  canuta  in  tbi»  priiidimi  tluct ;  d«  n,  li|f8ttireattaL*iLinj?  th*^  canula 
to  the  inte«tijie«  for  acrcurity  :  e.  canula  ;  r,  bladder^  prov-idinl  with  a  slop- 
cock  o.  to  collect  tbe  paucreatjc  Juic<^ ;  p,  p.  pancreoii :  i«  i«  intestine. 
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quantity  into  the  intestine  (Bernard)*  The  secretion  is  rejidily  modified  by 
irritation  and  iuflammalion  following  the  operation  of  making  the  fistula. 
The  normal  piucreatic  juict!  ia  atrungly  alkaline^  viscid  mid  ooagulable  by 


Fio.  7i!i.— Pancreatic  fistula  <B<?nii*rd). 
f-gToim  fllufpJierU  do|f  (female),  in  which  a  pancroalio  fleituln  Uor  lieen  established    a,  nflver  tiiJw*  Ui 
vhidi  A  bltttitltT  hii«  iK^fii  nltAChe<l ;  »»  bJaoder  ;  c,  stup-cock  far  Oje  piirpi^se  of  cn)Uectiag  the  JuicM? 
which  Ac!ctiiiitihi>te]^  iu  the  b]iadUer. 

heat.  It  is  almost  always  the  ca^  that  a  few  hours  after  the  eanula  is  fixed 
in  the  dnct,  the  juice  loses  somo  of  these  chara<?terg  and  fiows  in  abnormal 
quantity.  With  respect  to  susceptibility  to  irritation,  the  puncreiis  is  pecnd- 
iar;  and  its  set^retion  is  sometimes  abiiorniBf  from  the  first  moments  of  the 
experiment,  especially  if  the  operative  procedure  have  been  prolonged  and 
difficult.  That  the  pro{ierties  above  described  are  ehanieteristic  of  the  nor- 
mal }»ancreatic  secretion,  there  can  be  no  doubt;  as  in  all  instances  fiu id 
taken  from  the  pancreatic  duet  of  an  animal  suddenly  killed  while  in  full 
digestion  is  strongly  alkaline,  viscid  and  coaguhible  by  heat.  Thisi  excessive 
sensitiveneKs  of  the  pancreas  rendtTLHl  fniitlcss  all  the  attempts  to  establish  a 
permiinent  pancn?atic  fistula  from  which  the  normal  juice  could  be  collected 
(Bcmiinl).  The  fluid  collected  from  a  permanent  fistula  does  not  represent 
the  normal  seiTetion. 

Gefi^ral  Properties  nnd  ('ompoaifion  of  (he  Panrrvatir  Juive, — In  all  the 
inferior  animals  from  which  the  pancreatic  secretion  has  been  obtained  in  a 
nomml  condition,  the  fluid  has  bc^»n  found  to  present  certain  uniform  char- 
acters, Ir  is  viscid*  slightly  opaline  and  has  a  ibVtinctly  alkaline  reactinn, 
liernard  found  the  specific  gravity  of  the  fluid  frcim  the  dog  to  be  1040.  The 
normal  fluid  from  a  temporary  fistula  iu  a  dog  has  been  obsened  witli  a  spe- 
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cific  gravity  of  1011*  (Flint).  The  quantity  of  organic  matters  in  the  nonnal 
secretion  is  very  great,  so  that  the  fluid  is  completely  solidified  by  heat  This 
coagulability  is  one  of  the  properties  by  which  the  normal  fluid  may  be  (fc 
tinguished  from  that  which  lias  undergone  alteration, 

COMPOSITION   OF  THE   FAKCttEATIC   JUICE  OF  THE   DOG   (bERNABD), 

Wat^r. SiOOlQ   »90 

Organic  matters,  predpilalil«  by  alcfthol  and  eofitaintiig  always  a 

little  lime  (amxlopt^ine,  trjpBUie,  steap^e  etc.)b INI  to     73'0O 

Sodium  carbonate. . . . 


Sodium  cliloride . . . 
Fbtmssium  chloride. 
Caldam  phosphate. 


10  to       6-40 


1,000    um 


The  properties  of  the  organic  constitttenta  of  the  pancreatic  jnioe  are  di»- 
titictive.  Although,  like  albumen,  thei^  .««ub9tanees  are  coagtalable  by  beat* 
the  strong  mineral  acids  and  absolute  alcohol,  they  differ  from  albojneii  m  tim 
fact  that  their  dried  alcoholic  precipitate  can  be  rediasolved  in  walBfV  giviag 
to  the  solution  the  phygiological  properties  of  the  normal  pancnstac  mem- 
tion.  Bernard  has  also  found  that  they  are  coagulable  by  an  eaccesi  of  iMg- 
nesium  sulphate^  which  will  coagulate  caseine  but  has  no  effect  upon  albo- 
men.  It  is  important  to  recognize  this  distinction  betwieen  the  oi^ank 
constituents  of  the  pancreatic  juice  and  other  nitrogenized  snbstanon,  ops- 
eially  albumen,  from  the  fact  that  the  last-named  substance  has  the  propeitf 
of  forming  an  imcomplete  emulsion  with  fats.  The  name  pancreatine,  gitea 
to  the  organic  matter  of  the  pancreatic  juice,  is  inappropriate,  aa  thia  sob- 
stance  is  now  known  to  be  composed  of  several  distinct  constituenta. 

A  ferment,  almost  if  not  quite  identical  with  ptyaline,  may  be  extracted 
from  the  normal  juice  by  nearly  the  same  processes  ae  those  employed  in  the 
isolation  of  the  active  principle  of  the  saliva.  On  account  of  iCa  rigoreoi 
action  upon  starch,  this  substance  has  been  called  amylopeine. 

Tr}^>sine  is  a  ferment  capable  of  acting  upon  the  albuminoids,  chi 
them  int<i  peptones.  Acc^i-ding  to  Heidenhain,  there  exists  in  the  i 
cells  of  the  gland  a  substance  called  zymogen  or  more  properly,  tr 
which,  before  tlie  secretion  is  discharged,  becomes  oxygenated  and  is  cfaangKl 
into  trypt^ine.  The  action  of  trypeine  on  the  albuminoids  is  increased  by  ih^ 
addition  of  i«mall  quantities  of  sodium  chloride,  sodium  glycocholate  or  sodi- 
um carbonate  and  is  diminished  by  acids. 

A  substance  called  steapsine,  capable  of  decomposing  fut^  into  fatty 
acids  and  glycerine,  has  been  descril>ed  as  one  of  the  organic  constituents  of 
the  pancreatic  juice.  This  action  uijon  fats,  which  was  described  by 
lieniard,  though  slight,  probably  assists  in  their  emulsification. 

The  inorganic  constituents  of  tlie  pancreatic  juice,  beyond  giving  the 
fluid  an  alkaline  reaction,  do  not  possess  any  great  physiological  interest, 
inasmuch  as  they  do  not  seem  to  be  essential  to  its  peculiar  digestive  proper- 
ties.    It  has  been  shown  that  the  organic  constituents  alone,  extiBCted  from 
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the  pancreatic  juice  and  dissolved  in  water,  are  capable  of  imparting  to  the 
fluid  the  characters  of  the  normal  secretion  (Bernard). 

The  entire  quantity  of  pancreatic  juice  secreted  in  the  twenty-four  hours 
has  been  variously  estimated  by  different  observers.  After  what  has  been 
said  concerning  the  variations  to  which  the  secretion  is  subject,  it  is  not  sur- 
prising that  these  estimates  should  present  great  differences.  Bernard  was 
able  to  collect  from  a  dog  of  medium  size  eighty  to  one  hundred  grains  (5*2 
to  6'5  grammes)  in  an  hour ;  but  it  must  be  remembered  that  only  one  of 
the  ducts  was  operated  upon,  and  that  the  gland  is  very  susceptible  to  irri- 
tation. There  is  no  accurate  basis  for  an  estimate  of  the  quantity  of  pan- 
creatic fluid  secreted  in  the  twenty-four  hours  in  the  human  subject  or  of  the 
quantity  necessary  for  the  digestion  of  a  definite  quantity  of  food. 

Unlike  the  gastric  juice,  the  pancreatic  juice,  under  ordinary  conditions 
of  heat  and  moisture,  rapidly  undergoes  decomposition.  In  warm  and 
stormy  weather,  the  alteration  is  marked  in  a  few  hours ;  but  at  a  tempera- 
ture of  50°  to  70**  Fahr.  (10**  to  21°  C),  the  fluid  decomposes  gradually  in 
two  or  three  days.  As  it  thus  undergoes  decomposition,  the  fluid  acquires  a 
very  offensive,  putrefactive  odor,  and  its  coagubility  diminishes,  until  finally 
it  is  not  affected  by  heat.  The  alkalinity,  however,  increases  in  intensity, 
and  when  neutralized  with  an  acid,  there  is  a  considerable  evolution  of  car- 
bon dioxide. 

Aciion  of  ihe  Pancreatic  Juice  upon  Starches  and  Sugars. — The  action  of 
the  pancreatic  juice  in  transforming  starch  into  sugar  was  first  observed,  in 
1844,  by  Valentin,  who  experimented  with  an  artificial  fluid  made  by  infus- 
ing pieces  of  the  pancreas  in  water.  Bouchardat  and  Sandras  first  noted  this 
property  in  the  normal  pancreatic  secretion.  Amylopsine  is  undoubtedly  the 
substance  concerned  in  the  action  of  this  fluid  upon  starch. 

The  property  of  converting  starch  into  sugar  is  possessed  by  several  of 
the  digestive  fluids.  The  starchy  constituents  of  food  are  acted  upon  by  the 
saliva,  and  this  action  is  not  necessarily  arrested  as  the  food,  mixed  with  the 
saliva,  passes  into  the  stomach.  The  intestinal  juice  is  also  capable  of  effect- 
ing the  transformation  of  starch  into  sugar  to  a  considerable  extent.  It 
therefore  becomes  an  important  question  to  determine  precisely  how  far  the 
pancreas  is  actually  concerned  in  tlie  digestion  of  this  class  of  substances. 

Bernard  placed  the  pancreatic  juice  at  the  head  of  the  list  of  the  digestive 
fluids  which  act  upon  starch.  This  view  is  correct,  although  he  was  in 
error  in  claiming  that  starch  is  digested  almost  exclusively  by  the  pancreas. 
Bernard's  experiments,  however,  were  made  chiefly  on  dogs,  and  these  ani- 
mals do  not  naturally  take  starch  as  food.  In  man,  some  of  the  starchy 
constituents  of  the  food  are  acted  upon  by  the  saliva,  but  most  of  the  starch 
taken  as  food  is  digested  in  the  small  intestine.  Although  the  intestinal 
juice  is  capable  of  effecting  the  transformation  of  starch  into  sugar,  the  ex- 
perimental evidence  is  conclusive  that  in  this  it  is  subordinate  to  the  pancre- 
atic juice,  which  latter  effects  this  transformation,  at  the  temperature  of  the 
body,  with  great  activity.  It  is  possible  that  the  bile  assists  in  this  process 
to  a  slight  extent.     In  the  transformation  of  starch  into  sugar  in  the  small 
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intestine,  the  same  intermediate  proceeges  are  observed  m  occar  in  the  actios 
of  the  saliva ;  bat  the  change  in  the  intestine  into  glacoae  is  verv  rapid.  Ic 
is  stated  that  amylopsine  is  not  pre-sent  in  the  pancre-as  of  the  new*boni 
infant  (Korowin)  and  tliat  in  early  infancy  ^before  the  second  or  thinl 
month — the  pancreatic  extract  will  not  digest  starch. 

As  cane-sugar  passes  from  the  stomach  into  the  duodenum,  it  ig  dlmtm 
instantly  tranisformed  into  glucose.  This  fact,  which  has  been  observed  m 
the  lower  animak,  has  received  confirmation  in  the  case  of  intestinal  fistult 
in  the  human  subject,  observed  by  Busch.  In  this  case,  when  cane-^ugir 
WBB  introduced  in  quantity  into  the  stomach,  fasting,  the  fluid  which  escaped 
from  the  upjier  end  of  the  intestine  contained  a  small  quantity  of  glu< 
hut  never  any  cane-sugar. 

It  now  becomes  a  question  whether  the  transformation  of  cane-migsr  into 
glucose  be  eifected  by  the  bile,  the  intestinal  juice  or  the  pancrr  '  -  e. 
The  pancreatic  juice  and  the  intestinal  juice  are  the  two  fluids  wi;  ,iit 

be  supposed  to  have  this  elfect ;  for  it  has  been  repeatedly  demonstrated  that 
the  bile  has  of  itself  but  little  direct  action  ujx>n  any  of  the  alimentary  ma^ 
ters.  This  point  was  settled  by  the  experiments  of  Busch  upon  the  h>wcr 
end  of  the  intestine,  in  his  case  of  fistula.  Matters  introduced  into  this 
lower  opening  came  in  contact  with  the  intestinal  juice  only.  He  found 
that  cane-sugar  exjx^sed  thus  to  the  action  of  the  intestinal  juice  waa  not 
converted  into  glucose,  but  a  large  portion  of  it  passed  unchanged  m  the 
faeces. 

Out  of  the  body,  the  pancreatic  juice  is  capable,  if  kept  but  for  a  short 
time  in  contact  with  any  of  the  saccharine  principles,  of  iransforn^  '  m 
into  lactic  acid.     The  contents  of  the  small  intestine  are  sometime  ue 

or  neutral  and  are  sometimes  acid.  When  a  very  large  quantity  of  sugar  has 
been  taken,  a  part  of  it  may  be  converted  in  the  inte^ine  into  lactic  add, 
and  this  may  happen  with  the  sugar  which  result:^  from  the  digestion  nf 
starch;  but  under  ordinary  conditions,  starch  and  cane-sugar  are  reatlily 
changetl  into  glucose  and  are  absorbed  without  undergoing  farther  trani^ 
formation.  g 

Act  ion  of  the  Pa  ncrmtir  Juice  upon  Kitrogenized  Suhnfanre^, — Hefercm^H 
has  already  been  made  to  the  great  relative  importance  of  intestinal  dige^B 
tion ;  and  it  has  been  apparent  that  the  process  of  disintegration  of  food  in 
the  Htomach  is  not  final,  even  as  regards  many  of  the  nitrogenized  subatancei, 
but  is  mther  preparatory  to  the  complete  liquefaction  of  tliese  matters, 
which  t^kes  plac^  in  the  small  intestine.  In  experiments  in  which  the  pan- 
creas has  been  partially  destroyed  in  dogs,  there  was  rapid  emaciation,  with 
great  voracity,  and  the  passage,  not  only  of  unchanged  fats  and  starch,  but 
of  undigested  nitrogenized  matter  in  the  dejections  (Bernard).  The  vora- 
cious appetite,  progreasive  emaciation  and  the  passage  of  all  chisses  of  ali- 
mentary substances  in  the  faeces,  after  this  operation,  indicate  the  great  im- 
portance  of  the  pancreatic  juice  in  digestion ;  but  the  precise  mode  of  action 
of  this  fluid  upon  the  albuminoids  is  a  question  of  some  obscurity.  If  the 
bile  be  shut  off  from  the  intestine  and  discharged  externally  by  a  fistuloas 
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opening,  the  same  roracity  and  emaciation  are  observed ;  and  yet  there  is  no 
single  alimentary  substance  upon  which  the  bile,  of  itself,  can  be  shown  to 
exert  a  very  decided  digestive  action.  Farthermore,  the  pancreatic  juice  is 
evidently  adapted  to  act  upon  alimentary  matters  after  they  have  been  sub- 
jected to  the  action  of  the  stomach,  a  preparation  which  is  essential  to  proper 
intestinal  digestion ;  and  once  passed  into  the  intestine,  the  food  comes  in 
contact  with  a  mixture  of  pancreatic  juice,  intestinal  juice  and  bile.  It 
remains  to  study,  therefore,  the  special  action  of  the  pancreatic  secretion 
upon  the  albuminoids,  as  far  as  this  influence  can  be  isolated,  and  its  action 
in  conjunction  with  the  other  intestinal  fluids  and  in  the  presence  of  other 
alimentary  matters  in  process  of  digestion.  Nitrogenized  alimentary  sub- 
stances, when  exposed  to  the  action  of  the  pancreatic  juice  out  of  the  body, 
become  rapidly  softened  and  dissolved  in  some  of  their  parts,  but  soon  un- 
dergo putrefaction  (Bernard).  Analogous  changes  take  place  in  starchy  and 
fatty  matters  when  they  are  exposed  to  the  action  of  the  pancreatic  juice  out 
of  the  body,  and  they  pass  through  the  various  stages  of  transformation  re- 
spectively into  lactic  acid  and  the  fatty  acids.  Putrefactive  action,  however, 
does  not  readily  take  place  in  albuminoids  which  have  been  precipitated  after 
having  been  cooked  or  in  raw  gluten  or  caseine.  The  presence  of  fat  also 
interferes  with  putrefaction ;  so  that  Bernard  concluded  that  the  fats  have 
an  important  influence  in  the  intestinal  digestion  of  nitrogenized  substances. 
Experiments  made  since  the  observations  of  Bernard  have  shown  that  the 
ferment  of  the  pancreatic  juice  concerned  in  the  digestion  of  albuminoids  is 
trypsine. 

Trypsine,  in  an  alkaline  medium,  changes  the  albuminoids  into  their 
respective  peptones,  in  much  the  same  way  and  involving  nearly  the  same 
intermediate  conditions  as  in  the  digestion  of  these  substances  by  the  gastric 
juice ;  but  if  the  action  be  prolonged,  out  of  the  body,  the  changes  continue, 
and  substances  are  formed  which  yield  leucine,  tyrosine  and  other  analogous 
products.  The  final  putrefactive  changes,  which  result  in  indol,  skatol, 
phenol  etc.,  some  of  which  have  a  distinctly  faecal  odor,  are  probably  due  to 
the  influence  of  micro-organisms. 

Taking  into  consideration  what  has  been  ascertained  concerning  the 
action  of  the  pancreatic  juice  upon  the  albuminoids,  there  can  be  no  doubt 
with  regard  to  the  importance  of  its  office  in  the  digestion  of  these  sub- 
stances after  they  have  been  exposed  to  the  action  of  the  gastric  juice.  Ex- 
periments upon  the  digestion  of  the  albuminoids,  after  they  havQ  passed  out 
of  the  stomach,  show  that  they  undergo  important  and  essential  changes  as 
they  pass  down  the  intestinal  canal.  While  the  bile  and  the  intestinal  juice 
are  by  no  means  inert,  they  seem  to  be  only  auxiliary  in  their  action  to  the 
pancreatic  juice. 

The  preparation  which  the  albuminoids  undergo  in  the  stomach  is  un- 
doubtedly necessary  to  the  easy  digestion,  in  the  small  intestine,  of  that  por- 
tion which  is  not  dissolved  by  the  gastric  juice.  This  ftict  htis  been  shown 
by  experiments  on  intestinal  digestion  in  the  inferior  animals  and  by  the 
observations  of  Busch  in  the  case  of  intestinal  fistula  in  the  human  subject. 


250 


INTESTINAL  DiaESTION. 


Action  of  the  Panerentic  Juice  upon  Fats, — The  pancreatic  juice  is  th^ 
only  one  of  tlje  flige^itive  fluifls  which  is  capable  of  forming  a  complete  and 
permanent  erauls^ion  with  fata  The  fact  that  the  other  digestive  fluids  will 
not  accomplisli  tliis  is  easily  demonstrated  im  regards  the  saliva,  gatstric  juior 
luid  hile.  Tlie  intestinal  juice  i^  then  the  only  one  which  might  beijupposod 
to  have  this  property.  The  observations  of  Huseh  on  this  point,  in  his  case 
of  intestinal  fistula,  are  conclusive.  He  found  that  fatty  matters  taken  into 
the  gtomach  were  diseliarged  from  the  u^iper  o]iening  in  the  intestine  in  the 
form  of  a  One  emulsion  aiid  were  never  i^ecognixable  as  oil ;  but  that  hi 
introduced  into  the  lower  intestinal  opening  was  not  acted  upon  and  was 
discharged  one  hanged  in  the  fieees.  T!ie  emtdsion  rcBulting  from  the  action 
of  pancreatic  juice  upon  fats  persists  w^heo  diluted  with  water  and  w^ill  pas 
through  a  moistened  filter,  like  milk*  This  does  not  take  place  in  the  imper- 
fect enud^ion  formed  by  a  mixture  of  t>il  with  any  tither  of  the  digestive  fluiiliv 
Altiiough  the  normal  panereatie  juice  is  constantly  alkaline,  this  is  not  an 
indispensable  condition  as  regaitls  its  peculiar  action  up^ju  fats;  for  tho 
emulsion  is  none  the  less  complete  w^hen  the  fluid  has  l3een  previously  neu- 
tralized with  gitstrie  juice.  These  facts  with  regard  to  the  action  of  the 
piiiicreatic  juice  upon  fats  wQve  tirst  ascertained  by  Bernard,  in  1848. 

A  substance  called  steapsine,  extracted  from  tlie  fresh  puncnBas,  has  the 
property  of  decomposing  fats  into  the  fatty  acids  and  glycerine,  but  tin* 
fatty  acids  do  not  appear  in  the  chyle.  The  emulsification  of  the  fats  by  the 
pancreatic  juice  is  to  a  great  extent  a  mechanical  process  dependent  upon 
the  general  physical  cliaracters  of  the  fluid;  but  although  the  fat  which  is 
contained  in  the  lacteal  vessels  is  always  neutral,  it  is  thought  that  steapsine 
assists  in  rendering  the  emulsion  fine  and  pernninent 

The  cases  of  fatty  diarrhcea  eon  nee- ted  with  disorganization  of  the  pan* 
ereas,  which  were  reported  by  Richard  Kright,  in  18^32,  apparently  did  not 
direct  the  attention  of  physiologists  to  the  uses  of  this  organ.  These  caees, 
with  others  of  a  similar  character  which  have  been  reported  from  time  to 
time,  are  now  brought  forwanl  as  evidence  of  the  iu-tion  of  the  pancreas  in 
the  digestion  of  fats.  Many  of  them  presented  a  train  of  symptoms  anal* 
ogous  to  those  observed  in  animals  after  partial  destruction  of  the  gland. 
The  presence  of  fat  in  the  alvine  dejections  wa^  markeil ;  and  as  is  now  well 
known,  this  could  be  nothing  luit  tfic  undigested  fatty  constituents  of  the  fo<^Kl 
in  the  three  cases  observed  by  Bright,  the  ptincreas  w*as  found  so  disorpi- 
nized  that  its  secreting  action  must  have  been  almost  if  not  entirely  abol- 
ished. In  the  e^iae  reported  by  Jjloyd,  the  condition  was  the  S4tme;  and  in 
tlic  ciise  reported  by  Elliotson-^ '*  the  pancreatic  duct  and  the  larger  latend 
branches  were  tilled  witfj  white  calculi,''  Another  case  of  disease  of  the 
pancreaa  was  descrihed  in  the  ratalogue  of  the  Anatomical  Museum  of  the 
Boston  Society  for  Mi*dical  Improvt^ment,  in  1H47.  In  this  case  it  was  ob- 
served liy  the  patient  that  fatty  discharges  from  t!n^  bowel ^^  did  not  take  place 
unless  fatty  articles  of  food  htid  been  taken.  After  death  a  large  tumor  was 
found  in  the  situation  of  the  pancreas,  but  all  trace  of  the  normal  structure 
of  the  organ  had  been  destroyed.     Many  cases  of  tliis  character  have  been 
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quoted  by  Bernard  and  others,  and  they  confirm  the  observations  and  experi- 
ments made  upon  the  lower  unimul!*.  They  all  seem  to  sliow  tbut  the  action 
of  the  pancreiis  in  digestion  is  essentitil  to  life,  hut  that  one  of  the  chief 
disoniers  incident  to  the  destruction  of  this  gland  relates  to  the  digestion  of 
fats. 

Taking  into  consideration  all  the  facts  bearing  upon  this  subject,  it  is 
evident  that  the  chief  agent  in  the  digestion  of  fats  is  tlie  pancreatic  juice; 
and  that  this  fluid  acts  by  forming  with  the  fat  a  very  fine  emulision,  thus 
reducing  it  t^  a  condition  in  which  it  can  be  abs^jrl^Hj.  How  far  the  bile  may 
assist  in  this  process,  is  a  question  wliicli  will  come  op  for  consideration  farther 
on ;  but  the  facts  with  reganl  to  the  pancreatic  juice  are  conclusive. 

ACTIOX    OF  THE    BlLE    IN    DIGESTION. 

The  physiological  anatomy  of  the  liver  and  the  general  properties  ami 
imposition  of  the  bile  will   l>e  fully  considered  in  connection  with   the 


Fm,  Tt.^ifog  iritk  a  biliary  fisiuiu. 
Wtom  A  rmiifli  »ket<*h  truiile  tlie  f<mrt<?eiiih  day  aft*?r  th**  operation.    A  hiiihU  itrlaiw  ve«»«>1  \»  tk«cl  amund 
llj«"  bujdv  toofjik»ei  th«*  hile,  unrl  a  wire  tntut/Je.  the  liowt^r  \>axt  of  which  is  iMJveivd  with  i»fl-ftllk,  IB 
pliwin!  ovrr  th*!  moutli  to  prevent  the  animal  from  licking  the  bile.    The  doif  iA  cotisiderably 


phyBiology  of  secretion  and  excretion;  and  here  it  will  be  necessary  only  to 
study  the  action  of  the  bile  in  digestion. 

The  question  whether  the  bile  be  a  purely  excrement i nous  tltiid  or  one 
concerned  iu  digestion  was  formcrlv  the  subject  of  much  dii^cussion ;  but  it 
\^  now  admitted  by  all  physiologists  that  the  at^tion  of  the  bile  in  digestion 
ad  absorption,  whatever  the  office  of  the  bile  may  be  as  an  excretion,  is 
lintial  to  life*  The  exi>eriments  cif  8vvann,  Nasse,  Bidder  and  Schmidt, 
Bernard  and  others,  who  have  dis^'liarged  all  the  bile  by  a  fistula  int^j  the 
gall-bladder,  comnninication  between  the  bile-duct  and  the  duodenum  liaving 
lK!t-n  cut  off,  show  that  dogs  operat^l  on  in  this  way  have  a  voracious  appetite 
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but  die  of  ioanition  after  ha\ing  loat  four-tenths  of  the  body-weight.  The 
following  is  an  example  of  experimentii  of  this  kind  (Flint,  IHfll) :  A  fistula 
was  ina<le  into  the  gall-blmlder  of  a  dog,  after  excising  nearl^v  the  whole  of 
the  common  bile-duct.  The  animal  suffered  no  immediate  effects  from  th«i 
operation,  but  died  at  the  end  of  thirty-eight  days,  having  lost  37 J  ih.t 
cent,  in  weight.  He  had  a  voracious  appetite,  was  fed  as  much  as  he  woulil 
eat,  was  protected  from  cold  and  was  carefully  prevented  from  licking  the 
bile.  During  the  progress  of  the  experiment,  various  observations  were 
made  on  the  flow  of  bile.  During  the  la^t  live  or  six  days,  the  animal  was 
ravenous  but  was  not  allowed  to  cat  all  that  lie  would  at  one  time.  At  that 
time  he  was  fed  twiee  a  dav,  but  he  would  not  e^it  fat,  even  when  rerv  hun- 
gry. During  the  last  day,  wlien  too  weak  to  stand,  he  att^mpteil  to  ent  while 
l\ing  down. 

Human  bile  is  a  modemtely  viscid  fluid,  of  a  tiark,  golden-brown  color,  an 
alkaline  reaction  and  a  speeitic  gravity  of  about  1018.  Among  other  con- 
stituents, which  will  be  described  in  connection  with  tiu^  physiology  of  secre- 
tion, it  contains  sodium  united  with  two  acids  peculiar  to  the  bile,  called 
glycoeholic  and  taunx'liolic  acids.  Sodium  tauroeholate  is  much  more  abun- 
dant thini  the  glycocliolate.  The  viscidity  of  the  bile  is  due  to  mucus  de- 
rived in  part  fnun  the  lining  membrane  of  the  gall-bladder  and  in  part, 
probably,  from  little  niccraose  glands  attached  to  the  larger  bile-dnct«  in  the 
substance  of  tlxe  liver.  The  so-called  biliary  sjilts,  sodium  taiinxdiolate  and 
sodium  glycocholate,  are  probably  the  constituents  of  the  bile  which  are  con* 
cenied  in  digestion. 

Although  tlie  bile  is  constantly  discharged  in  certain  f|uantity  into  the 
duodenum,  its  flow  presents  marked  variations  corresponding  with  certain 
stages  of  the  digestive  process.  In  f ousting  aiiimals,  the  gall-bladder  is  dis- 
tended with  bile ;  but  in  animals  opened  soon  after  feeding,  it  is  nearly  alwaytt 
found  empty.  The  actual  seci^etiou  of  bile  by  the  liver  is  also  influenced  by 
digestion.  The  following  table  gives  the  variations  observed  in  the  dog  with 
a  biliary  fistula : 

TABLE   OF    VARIATIONS   IN   THE    PLOW   OF   BILE   WITH    DIOESTION. 
(At  eicli  obe«n'«tloD  the  bile  wiu  dmwti  for  thirty  mluutre,) 


Time  after  fwdlng. 

FwMh  bile. 

Dried  bUo. 

tVrc*iit«fie  of 
dry  rvuoue. 

ImmediaUily 

One  hoar 

Two  hours , . 

Pour  houi-s 

Six  h<  Hi rs   ....,.., , 

8-103 
20.V27 
85-760 

2-2-201> 

;^n577 

24*447 
5-710 
5(KK» 

8-*i4;i 

9*970 
4-769 
7-578 

Gniiuroiw. 
0%i25 

i:jao 
2a  1 7 
2-52^5 
l'4;il* 

2-;i70 

o-;t70 
0-;i24 
0500 
0*f$4« 

o*ao9 

0*491 

Gmlnt. 
0*370 
0-580 
1*0H0 
1*404 

omi 

1*327 
0-8«3 
0-247 
0-170 
0-309 
0'277 
0^70 

0-024 
t^-038 

0-070 
0-091 

oa'ii 

0-08t* 
0-054 

0^1  B 
0*011 
0'020 
0-018 
0-011 
0-01» 

45«6 
2-854 
8*02a 

4-450 

Eijfht  hours 

Ten  hours 

8028 
8*407 

Twelve  houi*s  ,...,,. 

4a25 

Fourlron  htjurs 

SijctCH'O  iiosirs 

Eif^htwn  hours , 

84011 
a*575 

2*778 

Twoniv  hoiiHi    

d-5^ 

Twenty-two  hours 

Bm&    J 

J 
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Disregarding  slight  variations  in  this  table,  which  may  be  accidental,  it 
may  be  stated,  in  general  terms,  that  the  bile  begins  to  increase  in  quantity 
immediately  after  eating ;  that  its  flow  is  at  its  maximum  from  the  second  to 
the  eighth  hour,  during  which  time  the  quantity  does  not  vary  to  any  great 
extent ;  after  the  eighth  hour  it  begins  to  diminish,  and  from  the  twelfth 
hour  to  the  time  of  feeding  it  is  at  its  minimum. 

One  of  the  uses  which  has  been  ascribed  to  the  bile  is  that  of  regulating 
the  peristaltic  movements  of  the  small  intestine  and  of  preventing  putrefac- 
tive changes  in  the  intestinal  contents  and  the  abnormal  development  of  gas ; 
but  observations  on  this  point  have  been  somewhat  conflicting.  During  the 
first  few  days  of  the  experiment  just  described,  the  dejections  were  very  rare ; 
but  they  afterward  became  regular,  and  at  one  time  there  was  even  a  tend- 
ency to  diarrhoea.  There  can  be  little  doubt,  however,  that  the  bile  retards 
the  putrefaction  of  the  contents  of  the  intestinal  canal,  particularly  when 
animal  food  has  been  taken.  The  faeces  in  the  dog  with  biliary  fistula  were 
always  extremely  offensive.  Bidder  and  Schmidt  found  this  to  be  the  case 
in  dogs  fed  entirely  on  meat ;  but  the  faeces  were  nearly  odorless  when  the 
animals  were  fed  on  bread  alone.  In  the  case  of  intestinal  fistula  in  the 
human  subject  (Busell),  the  evacuations  which  took  place  after  the  intro- 
duction of  alimentary  substances  into  the  lower  portion  of  the  intestine  had 
an  unnaturally  offensive  and  putrid  odor.  In  this  case,  as  it  was  impossible 
for  matters  to  pass  from  the  portions  of  the  intestine  above  the  fistula  to 
those  below,  the  food  introduced  into  the  lower  opening  was  completely 
removed  from  the  action  of  the  bile. 

It  has  been  shown  that  the  bile  of  itself  has  little  action  upon  any  of  the 
different  classes  of  alimentary  substances.  In  the  fa?ces  of  animals  with 
biliary  fistula,  the  only  peculiarity  which  has  been  observed,  aside  from  the 
putrefactive  odor  and  the  absence  of  the  coloring  matter  of  the  bile,  has  been 
the  presence  of  an  abnormal  proportion  of  fat.  This  was  observed  in  the 
faeces  of  a  patient  suffering  under  jaundice  apparently  due  to  temporary  ob- 
struction of  the  bile-duct  (Flint).  The  fact  was  also  noted  in  the  dogs 
experimented  upon  by  Bidder  and  Schmidt. 

The  various  experiments  which  have  been  performed  upon  animals  render 
it  almost  certain  that  the  bile  has  an  important  influence,  either  upon  the 
digestion  or  upon  the  absorption  of  fats.  Bidder  and  Schmidt  noted,  in  ani- 
mals with  biliary  fistula,  that  the  chyle  contained  very  much  less  fat  than  in 
health.  In  an  animal  with  a  fistula  and  the  bile-duct  obliterated,  the  pro- 
portion of  fat  was  1-90  parts  to  1,000  parts  of  chyle ;  while  in  an  animal 
with  the  biliary  passages  intact,  the  proportion  was  32*79  parts  per  1,000. 
In  animals  operated  upon  in  this  way  there  is  frequently  a  great  distaste  for 
fatty  articles  of  food.  In  the  observation  made  in  1861  the  dog  refused  fat 
meat,  even  when  very  hungry  and  when  lean  meat  was  taken  with  avidity. 

Experiments  on  animals,  with  regard  to  the  influence  of  the  bile  upon 

the  absorption   of  fats,  have  resulted   in  hardly  anything  definite.     It  is 

known,  however,  that  when  the  bile   is  diverted   from  the   intestine,  the 

quantity  of  fat  in  the  chyle  is  greatly  reduced  and  a  large  proportion  of 

18 
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the  fat  taken  with  the  food  jmeses  through  the  intestine  and  is  found  in  the 
fseees. 

The  ac*tion  of  the  bile  in  exciting  mnsfular  contraction,  fmrticularly  in  ilw 
non-striated  muscuhir  fibres,  is  well  estiiblished.  It  haet  been  shoirn  bv  SchiS 
that  this  tiuid  acts  upon  the  miiJ^cular  fibres  sitnate*!  in  the  sub&tance  of  tk* 
intestinal  tiIU,  causing  them  to  contract,  and  according  t^  bis  neM%  a^^i^tirig 
in  the  absorption  of  chyle  by  emptying  the  Uicteals  of  the  villi*  The  qtn?3r 
tion,  liowever,  of  the  absorption  of  fatjs  in  difficult  of  invest igation.  Not- 
withstanding the  obs<urity  in  which  tliis  subject  h  involved,  it  is  certain  that 
the  progressive  emaciation,  loss  of  strength,  and  final  death  of  animals  de- 
prived of  the  action  of  the  bile  in  the  intestine,  ai*e  due  to  defective  digeetioD 
and  iLssiniilation.  Notwithi^tanding  the  great  quantities  of  f»xKl  taken  b? 
these  animals,  the  phenomena  which  precede  the  fatal  result  are  simply  thoae 
of  starvation.  It  may  be  tliat  the  biliary  salts  are  absorbed  by  the  blood  and 
are  necessary  to  proper  assinulation ;  but  tliere  is  no  experimental  basis  for 
this  supposition,  and  it  is  impossible  to  discover  these  salts  in  the  blood  nf 
the  portal  system  by  the  ordinary  tests.  It  is  more  probable  that  the  biliurr 
sidts  influence  in  some  way  the  digestive  process  and  are  absorbed  in  a  modi- 
fied form  with  the  fowL 

The  observations  of  Bidder  and  Schmidt  show  that  the  eharaoteristie  con- 
stituents of  the  bile  are  absorbed  in  their  passage  down  the  alimentary  canaL 
Having  arrived  at  an  estimate  of  tlie  quantity  of  bile  daily  produced  in  dogs, 
they  collected  and  analyzed  all  the  fiecal  mitter  passcil  by  a  (b>g  in  live  davs. 
Of  the  drv"  residue  of  the  faeces,  the  proportion  w^hich  could  by  any  possibil- 
ity represent  the  biliary  mattei*s  did  not  amount  to  one-fourth  of  the  dry 
residue  of  the  bile  which  must  have  been  secreted  during  that  time.  They 
also  estinuiti*d  the  eulplnir  contained  in  the  faeces  and  found  that  the  entire 
quantity  was  hardly  one-eighth  of  that  which  was  discliarged  into  the  intes- 
tine in  the  bile;  and  inasmuch  as  nearly  one-half  of  that  found  in  the  ffec6s 
came  from  hairs  which  had  been  swallowed  by  the  auimal,  the  experiment 
showed  that  nearly  all  the  sulphur  contained  in  the  sodium  taurocbolate  had 
been  taken  up  again  by  the  blocwh  These  observations  show  that  the  gresiter 
part  of  the  bile,  with  the  biliary  salt^,  is  absorbed  by  the  intestinal  mneoua 
membmne.  Dal  ton  attempted  to  follow  the  constitueots  of  the  bile  into  the 
blood  of  the  portal  system,  but  was  unable  to  detect  the  biliary  salts.  Like 
the  peculiar  constituents  of  other  secretions  which  are  reabsorl>ed  in  the  ali- 
mentHry  canal,  these  substances  become  cliaugcd  and  are  not  to  be  recognised 
by  the  ontinary  tests,  after  they  are  taken  into  the  blood. 

While  it  is  the  digestion  and  absorption  of  fatty  substances  ^vhich  seem 
to  be  most  seriously  interfered  with  in  cases  of  biliary  fistula  in  the  inferior 
animals,  the  rapid  loss  of  weight  and  strength  show  great  disturbance  in 
the  digestion  and  absorption  of  other  constituents  of  food.  A  fact  which 
indicates  a  connection  between  the  bile  and  the  process  of  digestion,  is  that 
the  How  of  this  secretion,  although  constant,  is  greatly  increased  when  food 
passes  into  the  intestinal  canal. 

Although  it  has  been  demonstrated  that  the  presence  of  the  bile  in  tbe 
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small  intestine  is  necessary  to  proper  digestion  and  even  essential  to  life,  and 
although  the  variations  in  the  flow  of  bile  with  digestion  are  now  well  estab- 
lished, physiologists  have  but  little  definite  information  concerning  the  exact 
mode  of  action  of  the  bile  in  intestinal  digestion  and  absorption.  Nearly  all 
that  can  be  said  on  this  subject  is  that  the  action  of  the  bile  seems  to  be 
auxiliary  to  that  of  the  other  digestive  fluids. 

Movements  of  the  Small  Intestine. 

By  the  contractions  of  the  muscular  coat  of  the  small  intestine,  the  ali- 
mentary mass  is  made  to  pass  along  the  canal,  sometimes  in  one  direction  and 
sometimes  in  another,  the  general  tendency,  however,  being  toward  the  cae- 
cum ;  and  the  partially  digested  matters  which  pass  out  at  the  pylorus  are  pre- 
vented from  returning  to  the  stomach  by  the  peculiar  arrangement  of  the 
fibres  which  constitute  the  pyloric  muscle.  Once  in  the  intestine,  the  food  is 
propelled  along  the  canal  by  peculiar  movements  which  have  been  called  peri- 
staltic, when  the  direction  is  toward  the  large  intestine,  and  antii)eristaltic, 
when  the  direction  is  reversed.  These  movements  are  of  the  character  pecul- 
iar to  the  non-striated  muscular  fibres ;  viz.,  slow  and  gradual,  the  contraction 
enduring  for  a  certain  time  and  being  followed  by  a  correspondingly  slow  and 
gradual  relaxation.  Both  the  circular  and  the  longitudinal  muscular  layers 
participate  in  these  movements. 

Although  the  mechanism  of  the  peristaltic  movements  of  the  intestine 
may  be  studied  in  living  animals  after  opening  the  abdomen  or  in  animals 
just  killed,  the  movements  thus  observed  do  not  entirely  correspond  with 
those  which  take  place  under  natural  conditions.  In  vivisections  no  move- 
ments are  observed  at  first,  but  soon  after  exposure  of  the  parts  nearly  the 
whole  intestine  moves  like  a  mass  of  worms.  In  the  normal  process  of  diges- 
tion the  movements  are  never  so  general  or  so  active.  They  take  place  more 
regularly  and  consecutively  in  tliose  portions  in  which  the  contents  are  most 
abundant,  and  the  movements  are  generally  intermittent,  being  interrupted 
by  long  intervals  of  repose.  In  Busch's  case  of  intestinal  fistula,  there  existed 
a  large  ventral  hernia,  the  coverings  of  which  were  so  thin  that  the  peristal- 
tic movements  could  be  readily  observed.  In  this  case  the  general  character 
of  the  movements  corresponded  with  what  has  been  observed  in  the  inferior 
animals.  It  was  noted  that  tlie  movements  were  not  continuous,  and  that 
there  were  often  intervals  of  rest  for  more  than  a  quarter  of  an  hour.  It  wius 
also  observed  that  the  movements,  as  indicated  by  fiow  of  matters  from  the 
upper  end  of  the  intestine,  were  intermitted  with  considerable  regularity  dur- 
ing part  of  the  night.  Antiperistaltic  movements,  producing  diseliarge  of 
matters  which  had  been  introduced  into  the  lower  portion  of  the  intestine, 
were  frequently  observed. 

As  far  as  has  been  ascertained  by  observations  upon  the  human  subject 
and  warm-blooded  animals,  the  regular  intestinal  movements  are  excited  by 
the  passage  of  alimentary  matters  from  the  stomach  through  the  tube  during 
the  natural  process  of  digestion.  By  a  very  slow  and  gradual  action  of  the 
muscular  coat  of  the  intestine,  its  contents  are  i)assed  along,  occasionally  the 
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action  being  reversed  for  a  time,  untU  the  indigestible  reMdae,  mixed  willi  i 
certain  quantity  of  intestinal  secretion,  more  or  less  modified,  is  discliargfi 
into  the  caput  eoli.  These  movements  are  apparently  not  continuous,  and 
they  depend  in  some  degree  upon  the  quantity  of  matter  contained  in  di^ermt 
parts  of  the  intestinal  tract.  Judging  from  the  movements  in  the  infencir 
animals  after  the  abdomen  has  been  opened,  the  intestines  are  always  chang- 
ing their  position,  mainly  by  the  action  of  their  longitudinal  muscuilar  fibreav 
so  that  the  fftrce  of  gravity  does  not  oppose  the  onward  passage  of  their  eon- 
tents  as  much  as  if  the  relative  position  of  the  parts  were  constant.  Thero 
are  no  definite  observations  concerning  the  relative  activity  of  the  peristaltic 
movements  in  different  portions  of  the  intestine;  but  from  tlie  fact  that  the 
jejunum  is  constantly  found  empty-,  while  the  ileum  contains  a  considerable 
quantity  of  pultaceous  matter,  it  would  seem  that  the  movements  must  be 
more  vigorous  and  efficient  in  the  upj>er  portions  of  the  canal. 

The  gases  which  are  found  in  the  intestine  have  an  important  mechanical 
office.  They  are  useful,  in  the  first  place,  in  keeping  the  canal  eonstimtlj 
distended  to  the  proper  degree,  thus  avoiding  the  liability  to  disturbances  m 
the  circulation  and  facilitiiting  the  passage  of  the  alimentary  ma8s  in  ol»etlieao© 
to  the  peristaltic  contractions.  They  also  support  the  walls  of  the  intestine 
and  protect  these  parts  against  concussions,  in  walking,  leaping  etc.  The 
gases  are  useful,  likewise,  in  otreritig  an  ehistic  but  resisting  mass  upon  which 
the  compressing  action  of  the  abdominal  muscles  may  be  exerted  in  strainjtig 
and  in  expiration. 

There  can  be  hardly  any  question  that  the  normal  movements  of  the  in- 
testine ai'e  due  priueipaDy  t^  the  impression  made  ui>on  the  mucous  mem- 
brane by  the  alimentary  matters,  to  which  is  abided,  perhaps,  the  stimulating 
action  of  tlie  bile.  It  is  difficult  to  determine  with  accuracy  what  part  the 
bile  plays  in  the  production  of  these  movements,  from  the  fact  that  the  nor- 
mal action  of  the  intestine  is  not  easily  observed.  In  the  case  of  intestinal 
fistula  so  often  referred  to,  when  food  was  introduced  into  the  lower  portion  of 
the  canaU  tliere  wtis  at  first  an  abundant  evacuation  every  twenty- four  hours; 
but  subsequently  it  bec*ame  necessary  to  use  euemata.  As  there  was  no  coni- 
munication  between  the  lower  and  the  upper  portions  of  the  intestine,  this 
fact  is  an  evidence  that  the  peristaltic  movements  can  take  place  without  the 
action  of  the  bile. 

The  vigorous  peristaltic  movements  w^hich  occur  soon  after  death  have 
been  explained  in  various  ways.  It  ha^  been  shown  that  these  movem&nt§ 
are  not  due  to  a  lowering  of  the  temperature  or  to  exjxisurc  of  the  intestinei 
to  the  air.  The  latter  fact  may  be  easily  verified  by  killing  a  rabbit,  whea 
vigorous  movements  may  be  seen  thrcmgh  the  thin,  abdominal  walU,  evfii 
while  the  cavity  is  unopened.  According  to  Schiff,  the  cause  of  these  exag- 
gerated movements  is  diminution  or  arrest  of  the  circulation.  By  compreflg- 
ing  the  abdominal  aorta  in  a  living  animal,  he  was  able  to  excite  peristaltic 
movements  in  the  intestine  as  vigorous  as  those  w^hich  take  place  after  death; 
and  on  ceasing  the  compression,  the  movements  were  arrested. 

The  nerves  distributed  to  the  small  intestine  are  derived  from  the  svm- 


PHYSIOLOGICAL  ANATOMY  OF  THE  LARGE  INTESTINE.    257 

pathetic  and  from  branches  of  the  pneumogastric,  which  latter  come  from 
the  nerve  of  the  right  side  and  are  distributed  to  the  whole  of  the  intestinal 
tract,  from  the  pylorus  to  the  ileo-caecal  valve.  The  intestine  receives  no 
filaments  from  the  left  pneumogastric.  Throughout  the  intestinal  ti*act,  is  a 
plexus  of  non-medullated  nerve-fibres  with  groups  of  nerve-cells,  lying  be- 
tween the  longitudinal  and  circular  layers  of  the  muscular  coat.  This  is 
known  as  Auerbach's  plexus.  From  this  plexus,  very  fine,  non-medullated 
filaments  are  given  off,  which  form  a  wider  plexus,  also  with  ganglionic  cells, 
situated  just  beneath  the  mucous  membrane.  This  is  called  the  plexus  of 
Meissner. 

The  experiments  of  Brachet,  by  which  he  attempted  to  prove  that  the 
movements  of  the  intestines  were  under  the  control  of  the  pneumogastrics 
and  nerves  given  off  from  the  spinal  cord,  have  not  been  verified  by  other 
observers.  The  experiments  of  Miiller,  however,  render  it  certain  that  the 
peristaltic  movements  are  to  some  extent  under  the  influence  of  the  sympa- 
thetic system.  In  these  experiments,  movements  of  the  intestine  were  pro- 
duced by  stimulation  of  filaments  of  the  sympathetic  distributed  to  its  mus- 
cular coat,  after  the  ordinary  post-mortem  moyements  had  ceased.  The 
same  results  followed  the  application  of  potassium  hydrate  to  the  semilunar 
ganglia,  the  movements  reappearing  when  the  agent  was  applied,  "  with  ex- 
traordinary vivacity  "  in  the  rabbit,  after  the  abdomen  had  been  opened  and  the 
movements  had  entirely  ceased.  These  experiments  have  been  confirmed  by 
Longet,  who  found,  however,  that  the  movements  did  not  take  place  unless 
alimentary  matters  were  contained  in  the  intestine. 

The  fact  that  movements  occur  in  portions  of  intestine  cut  out  of  the 
body  and  separated,  of  course,  from  the  nervous  system,  has  led  to  the  view 
that  the  peristaltic  action  is  automatic,  like  the  action  of  the  excised  heart, 
and  these  automatic  movements  have  been  attributed  to  the  influence  of  the 
ganglia  found  in  the  intestinal  walls.  An  analogy  between  such  intestinal 
movements  and  the  movements  of  the  excised  heart  seems  probable ;  and  a 
reasonable  explanation  of  this  action  is  afforded  by  the  existence  of  ganglia 
in  the  plexuses  of  Auerbach  and  of  Meissner. 

Physiological  Anatomy  of  the  Large  Intestine. 

The  entire  length  of  the  large  intestine  is  about  ^ve  feet  (1*5  metre.)  Its 
diameter  is  greatest  at  the  caecum,  where  it  measures,  when  moderately  dis- 
tended, two  and  a  half  to  three  and  a  half  inches  (6*35  to  8*89  cen- 
timetres). According  to  the  observations  of  Brinton,  the  average  diameter 
of  the  tube  beyond  the  caecum  is  one  and  two-thirds  to  two  and  two-thirds 
inches  (4-5J3  to  6-77  centimetres).  Passing  from  the  caecum,  the  canal 
diminishes  in  caliber,  gradually  and  very  slightly,  to  where  the  sigmoid  flex- 
ure opens  into  the  rectum.  This  is  the  narrowest  portion  of  the  canal. 
Beyond  this,  the  rectum  gradually  increases  in  diameter,  forming  a  kind  of 
pouch,  which  abruptly  diminishes  in  size  near  the  external  opening,  to  form 
the  anus. 

The  general  direction  of  the  large  intestine  is  from  the  caecum,  in  the 
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right  iliac  fo8«a,  to  the  left  Uiac  fossa,  thus  encircling  the  convoluted  mas 
formed  by  the  gmall  inte^stine^  in  the  form  of  a  horseshoe-    From  the  cscant 

to  the  rectum^  the  canal  u 
known  as  the  colon.  The 
first  divih'ion  of  the  oolaa, 
called  the  ascending  coloii, 
passes  almost  directly  up- 
ward to  the  under  gtirfaoe 
of  the  liver ;  the  canal  he» 
tumg  at  nearly  a  right  an- 
gle, |»asst*s  across  the  upptrr 
part  of  the  abdomen  and 
18  called  the  tran;STer5ee  co- 
lon ;  it  then  passes  doim* 
ward  at  nearly  a  right  an- 
gle, forming  the  de^^end- 
ing  colon.  The  last  divi^ 
20  ion  of  the  coloa,  called  the 
13HJK     '  r      J'  sigmoid  flexure,  ii*  situaud 

in  the  left  iliac  fossa  and 
is  in  the  ftjrm  of  the  iialie 
letter  >*,     Thi^  t,  ., 

in  the  rectum,  wj  t 

straight,  as  ita  name  would 
imply,  but  prca-i  '     i 

three  distinct   '  % 

as  follows :  it  passes  tir^t 
ill  an  oblique  direction 
from  tht*  left  sa^ro-ihac 
svmphysis  to  the  medijin 
line  opposite  the  thini 
pie<^e  of  the  sacrum  ;  it 
then  |ia58e8  downwanl  in 
the  maJian  line«  following 
the  concavity  of  the  sacrum 
and  coccyx ;  and  tlie  lower 
portioUi  which  is  about  an  inch  (2*54  centimetres)  in  length,  turns  backward 
to  terminate  in  the  anus. 

The  ejecum,  or  caput  coli,  presents  a  rounded,  dilated  cavity  continuous 
with  the  colon  above  and  communicating  by  a  transverse  slit  with  the  ik*uiu* 
At  its  lower  portion  is  a  small,  cylindrical  tube,  opening  below  and  a  little 
posterior  to  the  opening  of  the  ilcum^  called  the  vermiform  appendix.  Tkii 
is  covered  with  peritoneum  and  has  a  muscular  and  a  mucous  coat.  It  is 
sometimes  entirely  free  and  is  sometimes  pro^-ideil  with  a  short  fold  of  mes- 
entery for  a  part  of  its  length.  The  coats  of  the  api>endix  are  very  thick. 
The  muscular  coat  consists  of  longitudinal  filires  only.     The  mucous  mem- 
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brane  is  provided  with  tubules  and  closed  lollieles,  the  latter  frequently 
being  very  abundant  This  little  tube  generally  eoutains  a  quantity  of  clear, 
riscid  mucus.     The  uses  of  the  vermiform  appendix  are  un known. 

Ilm-apral  Valte, — The  opening  by  which  the  small  intestine  commu- 
nietittis  with  the  ctecum  iu  provided  with  a  valve,  known  as  the  ileo-ctecal 
valve,  situated  at  the  inner  and  posterior  portion  of  the  c^eum.  The  small 
intestine,  at  it^  termination,  presents  a  shallow  concavity,  whicli  is  provided 
with  a  horizontal,  button-hole  slit  oj>ening  into  the  ceecunu  The  surface  of  the 
valve  wbich  looks  toward  the  small  intestine  is  covered  with  a  mucouH  mem- 
bruue  provided  with  villi  and  in  all  respects  resembling  the  general  mucoug 
lining  of  the  small  intestine.  Viewed  from  the  ctecum,  a  convexity  is 
abserve<l  corK!sponding  to  the  concavity  upon  the  other  side.  The  csecal 
surface  of  the  valve  is  covered  with  a  mucous  membnine  identical  with  the 
general  mucous  lining  of  the  large  intestine-  It  m  evident,  from  an  exami- 
xmtion  of  these  parts,  that  prassnre  from  the  ileum  would  open  the  slit  and 
allow  the  ejisy  passage  of  the  eerai-flnid  contentis  of  the  intestine;  but  pre-ss- 
ure  from  the  ca»cal  side  approximates  the  lips  of  the  valve,  and  the  greater 
the  presi<ure  the  more  firmly  is  the  opening  closed.  The  valve  itself  is  com- 
posed of,  folds  formed  of  the  fibrous  tissue  of 
the  intestine,  and  cin:jular  muscular  fibres  from 
bf>th  the  small  and  the  large  intestine,  tin*  whole 
being  covered  with  mucous  membrane.  The  lips 
of  the  valve  unite  at  either  extremity  of  the  slit 
and  are  prolonged  on  the  inner  surface  of  the 
c«ecnm,  forming  two  raised  bauds,  or  bridles ; 
and  these  become  gradually  effticed  and  are  thus 
continuous  with  the  general  lining  of  the  canal. 
The  posterior  briille  is  a  little  longer  and  more 
prominent  than  the  anterior.  These  assist  some- 
what in  enabling  the  valve  to  resist  pressure  from 
the  c^i?<*aJ  side*  The  longitudinal  layer  of  mus- 
cular fibres  and  the  peritoneum  pass  directly 
over  the  attached  edge  of  the  valve  and  are  nc»t 
involved  in  its  folds.  These  give  strength  to 
the  part,  and  if  they  be  di\id*^d  over  the  valve, 
gentle  traction  will  suttice  to  draw  out  and  oblit- 
erate the  folds,  leaving  a  simple  and  unprotected 
communication  between  the  large  and  the  si!iall 
intestine. 

Periionml  Coat. — Like  most  of  the  other  abdominal  viscera,  the  large 
intestine  is  covered  by  peritoneum.  The  csecum  is  covered  by  this  mem* 
binite  only  anteriorly  and  laterally.  It  usually  is  hound  down  closely  to  the 
subjacent  part«,  and  its  posterior  surface  is  withrnit  a  serous  investment; 
although  aometimea  it  is  completely  covered,  and  there  may  be  even  a  short 
i3Xesoc£^iim.  The  ascending  colon  is  likewise  covered  with  jieritoneum  only 
in  front,  and  ib  closely  attached  to  the  subjacent  parta.     The  same  arrange- 


Fro,  ?9.^0}t^tinfj  of  thr  »mntl  (nte*- 
tiuf  tti to  th*:  ctrcum  (Ije  Bon). 

1,  HniiLlI  inJestiHf  :  'i,  iieo  -  oiecal 
viilvo  ;  .'i  ereoiim  :  =1.  openini;  of 
tii^  apifH-iitlix  viTniiformis  t  B, 
ntiu.'oti*)  fold  at   the  op^ninii:  of 

T,  7«  foldft  of  the  mucous  mem^ 
braue. 


260 


INTE8TINAL  DIGESTION. 


ment  is  found  in  the  desocnding  colon.  The  transverse  colon  is  ahnoet  otm- 
pletely  invested  with  pentoncnm ;  and  the  two  folds  forming  the  tmticnBts 
mesocolon  separate  to  pass  over  the  tube  above  and  below,  uniting  ugatn  m 
front,  to  form  the  great  omentum.  The  transverse  colon  is  conseqnejitij 
quite  movable.  In  the  course  of  the  colon  and  the  upper  part  of  the  rectani, 
particularly  on  the  transverse  colon,  are  found  a  number  of  little,  saceokted 
jK>uehes  tilled  with  fat,  called  the  appendices  epiploic©.  The  sigmoid  flexim 
of  the  colon  is  covered  by  peritoneum,  except  at  the  attachment  of  the  iliiK 
mesocolon.  This  division  of  the  intestine  is  quite  movable.  The  upper  por- 
tion of  the  rectum  is  almost  completely  covered  by  peritoneum  and  is  hot 
loosely  held  in  place.  The  middle  portion  is  closely  bound  down,  and  it 
covered  by  peritoneum  only  anteriorly  and  laterally.  The  lowest  porttcm  of 
the  rectum  has  no  peritoneal  covering. 

Muscular  Coat. — The  muscular  fibres  of  the  large  intestine  have 
arrangement  quite  different  from  that  which  exists  in  the  small  int 
The  external,  longitudinal  layer,  instead  of  extending  over  the  whole  tuli^ 
h  arranged  in  three  distinct  bands,  which  begin  in  the  ca?cum  at  the  vermi- 
form api^ndix.  Passing  along  the  ascending  colon,  one  of  the  bands  is  «i- 
uated  anteriorly,  and  the  others,  latero-posteriorly.  In  the  transverse  col 
the  anterior  band  becomes  inferior  and  the  two  latero-posterior 
become  respectively  postero-superior  and  postero- inferior.  In  the  deiiioetid* 
ing  colon  and  the  sigmoid  flexure  the  muscular  bands  resume  tlie 
position  which  they  had  in  the  ascending  colon.  As  these  longit 
fibres  pass  to  the  rectum,  the  anterior  and  the  external  bands  unite  to  ] 
down  on  the  anterior  surface  of  the  canal,  while  the  posterior  bauid 
down  on  its  posterior  surface.  Thus  the  three  bauds  here  become 
These  two  bandi*  as  they  pass  downward,  though  remaining  distinct, 
much  wider ;  and  longitudinal  muscular  fibres  l>eginning  at  the  rectum  i 
situated  between  them,  so  that  this  part  of  the  canaL  especially  in  its  lowff 
portion,  is  covered  with  longitudinal  fibres  in  a  nearly  uniform  layer. 

Mucous  Coat, — The  mucous  lining  of  the  large  intestine  presents 
important  points  of  difference  from  the  corresfxinding  membrane  in  the  small 
intestine.  It  is  paler,  somewhat  thicker  and  firmer,  and  is  more  closely  ad- 
herent to  the  subjacent  parts.  In  no  part  of  this  membrane  are  there  anr 
folds,  like  those  which  form  the  valvulse  eonniventes  of  the  small  intestine; 
tmd  the  surface  is  smooth  and  free  from  villi. 

Throughout  the  entire  mucous  membmne,  from  the  ileo-cscal  valve  to 
the  anus,  are  orifices  which  lead  to  simple  follicular  glands.  These  struct- 
ures resemble  in  all  respects  the  follicles  of  the  small  intestine,  except  that 
they  are  a  little  longer,  owing  to  the  greater  thickness  of  the  membmne,  are 
wider  and  rather  more  abundant.  Among  these  small  follicular  openingi 
are  found,  scattered  irregularly  throughout  the  membrane,  larger  opening! 
which  lead  to  utricular  glands,  resembling  the  closed  follicles,  in  genenJ 
structure,  except  that  they  have  an  orifice  opening  into  the  cavity  of  the  m- 
testine^  which  is  sometimes  so  large  as  to  be  visible  to  the  naked  eye.  The 
number  of  these  glands  is  very  variable,  and  they  exist  throughout  tlie  intes- 
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tine,  together  with  the  closed  follicles,  except  in  the  rectum.  In  the  caecum 
and  colon,  isolated  closed  follicles  are  generally  found,  which  are  identical 
in  structure  with  the  solitary  glands  of  the  small  intestine.  These  are  very 
variable,  both  in  number  and  size. 

The  mucous  membrane  of  the  rectum,  in  the  upper  three-fourths  of  its 
extent,  does  not  differ  materially  from  that  of  the  colon.  In  the  lower  fourth, 
the  fibrous  tissue  by  which  the  lining  membrane  is  united  to  the  subjacent 
muscular  coat  is  loose,  and  the  membrane,  when  the  canal  is  empty,  is  thrown 
into  a  great  number  of  irregular  folds.  At  the  site  of  the  internal  sphincter, 
five  or  six  little,  semilunar  valves  have  been  observed,  with  their  concavities 
directed  toward  the  colon.  These  form  an  irregular,  festooned  line,  which 
surrounds  the  canal ;  their  folds,  however,  are  small  and  have  no  tendency  to 
obstruct  the  passage  of  faecal  matters.  The  simple  follicles  are  particularly 
abundant  in  the  rectum,  and  the  membrane  is  constantly  covered  with  a  thin 
coating  of  mucus.  Another  peculiarity  to  be  noted  in  the  mucous  membrane 
of  the  lower  portion  of  the  rectum  is  its  great  vascularity,  the  veins,  espe- 
cially, being  very  abundant. 

The  rectum  terminates  in  the  anus,  a  button-hole  orifice,  situated  a  little 
in  front  of  the  coccyx,  which  is  kept  closed  and  somewhat  retracted,  except 
during  the  passage  of  the  faeces,  by  the  powerful  external  sphincter.  This 
muscle  is  composed  entirely  of  striated  fibres,  which  are  arranged  in  the  form 
of  an  ellipse,  its  long  diameter  being  antero-posterior. 

It  is  n6w  almost  universally  admitted  that  the  digestion  of  all  classes  of 
alimentary  substances  is  completed  either  in  the  stomach  or  in  the  small  in- 
testine, and  that  the  mucous  membrane  of  the  large  intestine  does  not  secrete 
a  fluid  endowed  with  any  well  marked  digestive  properties.  The  simple  fol- 
licles, the  closed  follicles,  and  the  utricular  glands,  produce  a  glairy  mucus, 
which,  as  far  as  is  known,  serves  merely  to  lubricate  tlie  canal.  This  has 
never  been  obtained  in  sufficient  quantity  to  admit  of  any  accurate  investiga- 
tion into  its  properties. 

In  studying  the  changes  whicli  tlie  alimentary  mass  undergoes  in  its  pas- 
sage through  the  small  intestine,  it  has  been  seen  that  in  tliis  portion  of  the 
canal,  the  greatest  part  of  all  the  nutritive  material  is  not  only  liquefied 
but  is  absorbed.  Sometimes  fragments  of  muscular  fibre,  oil-globules,  and 
other  matters  in  a  state  of  partial  disintegration,  may  be  detected  in  the 
fiBces ;  but  generally  this  is  either  the  result  of  the  ingestion  of  an  excessive 
quantity  of  these  substances  or  it  depends  upon  some  derangement  of  the 
digestive  apparatus.  When  intestinal  digestion  takes  place  with  regularity, 
the  transformation  of  the  alimentary  residue  into  ffecal  matter  is  slow  and 
gradual.  As  the  contents  of  the  stomach  are  passed  little  by  little  into  tlie 
duodenum,  the  mass  becomes  of  a  bright-yellow  color,  and  its  fluidity  is  in- 
creased, from  the  admixture  of  bile  and  pancreatic  fluid.  In  passing  along 
the  canal,  the  consistence  of  the  mass  gradually  diminishes  on  account  of 
absorption  of  its  liquid  portions,  and  the  color  becomes  darker ;  and  by  the 
time  that  the  contents  of  the  ileum  are  ready  to  })ass  into  the  cjecuni,  the 
greatest  part  of   those   substances   recognized   as  alimentary   has   become 


262 


INTESTINAL  DIGESTION. 


changed  and  absorbed.   The  various  forms  of  starchy  and  saccharine  maltoi^ 

unless  they  have  been  taken  in  excessive  quantity,  soon  ^i  ^  from  the 

intestine;  and  the  gUicoee^  which  is  the  re^^ult  of  their  dig  nay  be  rtr- 

ognized  in  the  portal  blood.  As  a  nile,  fatty  matters  are  :ioi  found  in  tlie 
lower  {mrt  of  the  ileum,  having  passed  into  the  lacaeals,  in  the  form  of  ao 
emulsion.  Neither  tibrin,  albumen  nor  castrine,  ean  be  detected  in  the  ilenm; 
and  the  muscular  substance,  as  recognized  by  its  microscopical  characters, 
becomes  gradually  disintegi-ated  and  is  lost — except  a  few  i^lated  fragmeniB 
deeply  colored  with  bile— some  time  before  the  im.lige«tible  residue 
into  the  large  intestine. 

In  tlie  himian  subject  those  portions  of  the  food  which  redst  the  smc 
give  and  combined  action  of  the  different  digestive  seeretioniS  are  derived 
chiefly  from  the  vegetable  kingdom.  Haixl,  vegetable  si*eds,  the  cortex  of 
the  cereals,  spiral  vessels,  and,  indeed,  all  parts  wliich  are  composed  la 
of  cellulose,  pass*  through  the  intestinal  (*anjU  \nthout  much  change,  Thfl 
substances  form,  in  the  faeces,  the  gre^iteast  part  of  what  can  be  rccogniaed  [ 
the  residue  of  matters  taken  as  fcM>l.  It  h  well  known  that  an  exeluAn 
animal  diet,  particularly  if  the  nutritious  matters  be  taken  in  a  concen- 
trateil  and  rea«iily  assimilable  form,  loaves  very  little  undigested  matter  to 
pass  into  the  large  intestine,  aiui  gives  to  the  f feces  a  character  quite  different 
from  that  which  is  observed  in  herbivorous  animals  or  in  man  when  snbjecteii 
to  an  exclusively  vegetable  diet.  The  charactei-s  of  the  residue  of  the  digt^ 
tion  of  albuminoid  substances  are  not  very  distinct  As  a  nde,  none  of  the 
albuminoids  are  to  be  recognized  in  the  healthy  f»ce«  by  the  ordinary  tests. 

Absorption  of  various  articles  of  food  in  a  liquid  form  may  take  pla 
with  great  activity  in  the  large  intestine,  althougli  it  has  not  been  shown 
the  secretions  in  this  part  of  the  alimentary  Ciinal  have  any  distinct  digestive 
propeitiea ;  still,  as  is  shown  in  rectal  alimentation,  egg^  milk  and  meat-ex- 
tracts may  be  taken  up  by  the  mucous  membrane,  and  they  enter  the  circu- 
lation in  such  a  form  that  they  contribute  to  the  nutrition  of  the  body. 

Proce^Hxes  of  Ferine  nt  at  ion  in  the  intestinal  CnnuL — The  prricesses 
fermentation  in  the  intestines  are  not  properly  digestive  and  are  to  a 
extent  due  to  the  action  of  micro-organisms,  which  exist  here  in  great  num-" 
liers  and  variety.  It  is  possil>le,  however,  that  future  re^*arches  may  show 
that  micro-organisms  play  an  important  part  in  actual  digestion,  as  is  fore- 
shadowed in  a  recent  article  by  Ptii?teur  {August,  1887).  Pasteur  has  isolated 
seventeen  different  micro-organisms  of  the  mouth.  8ome  of  these  di;ssohe*l 
albumen,  gluten  and  caseine,  and  some  transformed  starch  into  glucose*  The 
micro-organisms  describe^J  were  not  destroyed  by  the  action  of  the  gastrin* 
juice.  These  observations  are  very  suggestive,  and  they  seem  to  ojien  a  new 
field  of  inquiry  as  regards  certain  of  the  prtKjesses  of  digestion.  Most  of  tht* 
fermentations  in  the  small  intestine  are  either  putrefcictive  or  of  a  natun* 
analogous  to  fermentation,  and  the  processes  are  continued  with  incrcaseil 
activity  in  the  large  intestine. 

Some  of  the  substances  resulting  from  intestinal  fermentations  bav« 
already  been  described.     Indol,  skatul,  phenol  etc.,  seem  to  be  produced  bj 
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the  action  of  micro-organisms ;  but  the  effect  of  these  products  is  to  kill  the 
micro-organisms  and  thus  to  limit  the  putrefactive  processes.  The  produc- 
tion of  indol,  skatol  and  phenol  is  arrested  by  the  action  of  certain  drugs, 
such  as  calomel,  salicylic  acid  and  other  so-culled  antiseptics.  The  fermen- 
tive  changes  in  the  intestines  involve  the  production  of  certain  gases,  which 
will  be  described  at  the  close  of  this  chapter. 

Contents  of  the  Large  Intestine. 

When  the  contents  of  the  small  intestine  have  passed  the  ileo-csecal  valve, 
they  become  changed  in  their  general  character,  partly  from  admixture  with 
the  secretions  of  this  portion  of  the  canal,  and  are  then  known  as  the  faeces. 
The  most  notable  changes  relate  to  consistence,  color  and  odor.  The  odor, 
especially,  of  normal  fsecal  matter  is  characteristic. 

Faecal  matter  has  a  much  firmer  consistence  than  the  contents  of  the 
ileum,  which  is  due  to  a  constant  absorption  of  the  liquid  portions.  As  a 
rule,  the  consistence  is  great  in  proportion  to  the  length  of  time  that  the 
faeces  remain  in  the  large  intestine ;  and  this  is  variable  in  different  persons, 
and  in  the  same  person,  in  health,  depending  somewhat  upon  the  character 
of  the  food.  The  color  changes  from  the  yellow,  more  or  less  bright,  which 
is  observed  in  the  ileum,  to  the  dark  yellowish-brown  characteristic  of  the 
faeces.  Although  the  bile-pigment  can  not  usually  be  recognized  by  the  ordi- 
nary tests,  it  is  this  which  gives  to  the  contents  of  the  large  intestine  their 
peculiar  color,  which  is  lost  when  the  bile  is  not  discharged  into  the  duode- 
num. In  a  specimen  of  healthy  human  fseces,  which  had  been  dried,  ex- 
tracted with  alcohol,  the  alcoholic  extract  precipitated  with  ether  and  the 
precipitate  dissolved  in  distilled  water,  it  was  impossible  to  detect  the  biliary 
salts  by  Pettenkofer's  test.  In  a  watery  extract  of  the  same  fa?ce8,  the  addi- 
tion of  nitric  acid  failed  to  show  the  reaction  of  the  coloring  matter  of  the 
bile  (Flint,  1862).  The  color  of  the  fiteces,  however,  varies  considerably 
under  different  forms  of  diet.  With  a  mixed  diet  the  color  is  yellowish- 
brown  ;  with  an  exclusively  flesh-diet  it  is  much  darker ;  and  with  a  milk- 
diet  it  is  more  yellow  (Wehsarg). 

The  odor  of  the  ffeces,  which  is  characteristic  and  quite  different  from 
that  of  the  contents  of  the  ileum,  is  variable  and  is  due  in  part  to  the  pecul- 
iar decomposition  of  the  residue  of  the  food,  in  part  to  the  decomposition  of 
the  bile  and  in  part  to  matters  secreted  by  the  mucous  membrane  of  the 
colon  and  of  the  glands  near  the  anus. 

The  entire  quantity  of  freces  in  the  twenty- four  hours,  according  to  Weh- 
sarg, is  about  4*6  ounces  (128  grammes).  This  was  the  mean  of  seventeen 
observations ;  the  largest  quantity  being  10-8  ounces  (306  grammes),  and  the 
smallest,  2*4  ounces  {68  grammes). 

The  reaction  of  the  faeces  is  variable,  depending  chiefly  upon  the  char- 
acter of  the  food.  Marcet  found  the  human  excrements  always  alkaline. 
Wehsarg,  on  the  other  hand,  found  the  reaction  generally  acid,  but  very  fre- 
quently it  was  alkaline  or  neutral.  ' 

The  proportions  of  water  and  solid  matter  in  the  faeces  are  variable.    Ber- 
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zelitis  found  in  the  healthy  human  faeces,  73*3  parts  of  water  and  26*7  pans 

of  solid  residtie,     Tlie  uvemge  of  seventeen  observations  by  Wehsarg  wm 
precis^ely  the  same.     In  the  observations  of  Weh8arg,  the  mean  quantity  of 
solid  matter  di^harged  In  the  fsecea  in  the  twenty-four  hours  was  403  grainn 
(30  grammes)^  the  extremes  being  BS2'S  grains  (57'2  gramnieg)^  and    ?'' 
grains  (l*i'28  grammes).     The  projxjrtion  of  undige-sted  matterfl  in  the  - 
residue  was  very  small,  averaging  but  little  more  than  ten  per  cent*,  the  meaij 
quantity  in  the  twenty*four  hours  in  ten  obsen^ations  being  but  52*5  >rr 
(3-4  grammes).     This  was  fuimd,  however,  to  be  very  variable;  the  hi;_ 
quantity  being  126'5  grains  (8*2  grammes),  and  the  smallest,  12*5  grains  {H'H 
gramme). 

M  icroscopical  examination  of  the  faeces  reveals  various  vegetable  and  ani- 
mal structures  which  have  escaped  the  action  of  the  digestive  fluids.  Weh- 
sarg also  found  a  '^  finely  divide^l  faM^al  matter  "  of  indefinite  structurB,  but 
containing  partly  disintegi*ated  intestinal  epithelium.  Crystals  of  cholestcr- 
ine  were  never  observed.  Whenever  the  matter  is  neutral  or  alkaline^  cr)i 
tals  of  ammonio-magnesian  phosphate  are  found.  Mucus  is  also  foun 
in  variable  quantity  in  the  f feces,  with  desquamated  epithelium  and  a  fe 
leucocytes.  In  addition,  recent  microscopical  researches  have  shown  til 
pi*esence  of  spore^s  of  yeast  and  a  gi'eat  variety  of  biicieria,  which  latter  exii 
in  tlio  faeces  in  great  abundance*  These  organisms  probably  excite  mi 
of  the  so-called  putrefiw'tive  changes  in  the  intestinal  contents,  which  resa 
in  the  formation  of  indoi,  phenol,  skatoi,  cresol  etc.     According  to  Senato 
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ammonio-magnesian  phosphate,  magnesium  phosphate,  calcium  phosphat 
and  a  small  quantity  of  iron  have  been  found*  The  chlorides  are  either  ab 
sent  or  are  present  only  in  small  quantity. 

Marcet  has  pretty  generally  found  in  the  human  ffleces  a  substance 
sessing  the  characters  of  margaric  acid,  and  volatile  fatty  acids ;  the  latte 
free,  however,  from  butyric  hckL     He  also  found  a  coloring  matter,  which 
probably  a  mwlification  of  bilc-pignient.     Cystine  is  meutioned  as  an 
sional  constituent  of  the  fteces. 

In  addition  to  the  matters  just  enumerated,  the  following  substances  have 
been  extracted  from  the  luirmal  fteces : 

Excretine  and  Excreiohie  AeitL — Excretine  was  obtained  from  the  nor 
mal  f^ces,  by  Man?et,  in  1854.     This  substance  crystalizes  from  an  ether 
solution  in  two  or  tliree  days,  in  the  form  of  long,  silky  crystals.     Examine 


CONTENTS  OF  THE  LARGE  INTESTINE.  265 

with  the  microscope,  these  are  found  to  consist  of  acicular,  four-sided  prisms 
of  variable  size.  Excretine  is  insoluble  in  water,  slightly  soluble  in  cold  alco- 
hol, but  very  soluble  in  ether  and  in  hot  alcohol.  Its  alcoholic  solutions  are 
faintly  though  distinctly  alkaline.  Its  f using-point  is  between  203**  and  205° 
Fahr.  (95°  and  96°  C).  It  may  be  boiled  with  potassium  hydrate  for  houra 
without  undergoing  saponification.  The  quantity  of  excretine  contained  in 
the  faeces  is  not  large.  Only  12*6  grains  (0-816  gramme)  were  obtained  by 
Marcet  from  nine  evacuations. 

There  exists  very  little  definite  information  concerning  the  production 
of  excretine.  Marcet  examined  on  one  occasion  the  contents  of  the  small 
intestine  of  a  man  who  had  died  of  disease  of  the  heart,  without  finding  any 
excretine.  It  is  probable  that  this  substance  is  formed  in  the  large  intestine, 
although  farther  observations  are  wanting  on  this  point. 

The  substance  called  excretoleic  acid  is  very  indefinite  in  its  composition 
and  properties.  It  is  described  as  an  olive-colored,  fatty  acid,  insoluble  in 
water,  non-saponifiable,  and  very  soluble  in  ether  and  in  hot  alcohol.  It 
fuses  between  77°  and  79°  Fahr.  (25°  and  26-11°  C). 

Stercorine. — This  substance,  discovered  in  the  faeces  in  1862  (Flint),  was 
described  by  Boudet  in  1833,  as  existing  in  minute  quantity  in  the  serum  of 
the  blood,  and  was  called  seroline.  As  it  is  one  of  the  most  abundant  and 
characteristic  constituents  of  the  stercoraceous  matter,  it  may  properly  be 
called  stercorine,  particularly  as  observations  have  led  to  the  opinion  that 
it  really  does  not  exist  in  the  serum,  but  is  formed  from  cholesterine  by  the 
processes  employed  for  its  extraction  from  the  blood  (Flint). 

Stercorine  may  be  extracted  in  the  following  way :  The  faeces  are  first 
evaporated  to  dryness,  pulverized  and  treated  with  ether.  The  ether-extract 
is  then  passed  through  animal  charcoal,  fresh  ether  being  added  until  the 
original  quantity  of  the  ether-extract  has  passed  through.  It  is  impossible 
to  entirely  decolorize  the  solution  by  this  process ;  but  it  should  pass  through 
perfectly  clear  and  of  a  pale-amber  color.  The  ether  is  then  evaporated  and 
the  residue  is  extracted  with  boiling  alcohol.  This  alcoholic  solution  is 
evaporated,  and  the  residue  is  treated  with  a  solution  of  potassium  hydrate 
for  one  or  two  hours  at  a  temperature  a  little  below  the  boiling-point,  by 
which  all  the  saponifiable  fats  are  dissolved.  The  mixture  is  then  largely 
diluted  with  water,  thrown  upon  a  filter,  and  washed  until  the  fluid  which 
passes  through  is  neutral  and  perfectly  clear.  The  filter  is  then  dried  and 
the  residue  is  washed  out  with  ether.  Tlie  ether-solution  is  then  evaporated, 
extracted  with  boiling  alcohol,  and  the  alcoholic  solution  is  evaporated.  The 
residue  of  this  last  evaporation  is  pure  stercorine. 

When  first  obtained,  stercorine  is  a  clear,  slightly  amber,  oily  substance,  of 
about  the  consistence  of  Canada  balsam  used  in  microscopical  preparations. 
In  four  or  five  days  it  begins  to  show  the  characteristic  crystals.  These  are 
few  in  number  at  first,  but  soon  the  entire  mass  assumes  a  crystalline  form. 
In  one  analysis,  from  seven  and  a  half  ounces  (202-5  grammes)  of  normal 
human  faeces  (the  entire  quantity  for  the  twenty-four  hours),  10-417  grains 
(0*675  gramme)  of  stercorine  were  obtained,  the  extract  consisting  entirely 
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of  crystals.  Tliis  was  all  the  Btercorine  to  be  extracted  from  the  regular, 
daily  evacuation  of  ii  healthy  male  twenty-six  years  of  agta  and  weighing  iiU^\i{ 
one  hundred  and  sixty  pounds  (72-58  kilos.).  In  the  ti!)sence  of  other  invi^ 
ligations,  the  daily  quantity  of  this  substance  excreted  may  be  assumed  to  W 
not  far  from  ten  grains  (0**548  gramme). 

In  many  regards  stercorine  bears  a  close  resemblance  to  eholesterine,  Ii 
is  neutraU  inodorous,  and  insoluble  in  water  and  in  a  solution  of  potasRum 
hydrate.  It  is  sohible  in  ether  and  in  hot  alcohol,  but  is  almost  insoluble  in 
cold  alcohol.  A  red  color  is  prwluced  when  it  is  treate<l  with  strong  sul- 
phuric acid.  It  may  be  easily  distinguished  from  cholesterine,  however,  b? 
the  forni  of  its  crystals.  It  fuses  at  a  low  temperature,  yG-H"^  Fahr.  (36"*  CJ 
while  cholesterine  fuses  at  293°  Fahr.  (145°  C). 

St4jrcorine  crystallizes  in  the  form  of  thin,  delicAte  needles,  frequenj 
mixed  with  clear,  rounded  globules,  which  are  probably  compose<i  of 
game  substance  in  a  non-crystalline  form.     When  the  crystals  are  of  cot 

erable  size-,  the  bi^rders  near  their  i 
tremities  are  split  longitudiaally  fo 
short  distance.     The  crystals  are  f« 
quently  arranged  in  bundles.     Tli 
are  not  to  be  confounded  with  exc 
tine,  which  crystallizes  in  the  foil 
of  regular,  four-sitled  prknua,  or  wji 
the  tliin,  rhomboicUd  or  rectang 
tablets  of   cholesterine.      They    are 
identical  with  the  crystals  of  serolii 
figured  by  Robin  and  VerdieL 

There  can  be  no  doubt  with  reganl 
to  the  origin  of  the  stercorine  whiq 
exists  in  the  fieces.   Whenever  the  1 
is  not  discharged  into  the  duodenc 
08  is  probably  the  case  for  a  time  ; 
icteniB  accompanied  with  clay-colored  evacuations,  stercorine  is  not  to  be  < 
covered  in  the  dejections.     In  one  case  of  this  kind,  in  which  the  fw<*e8  we 
subjected  to  examination,  the  matters  extracted  with  hot  alcohol  were  entir 
dissolved  by  boiling  for  fifteen  minutes  with  a  solution  of  potassium  hydrad 
showing  the  absence  of  cholesterine  and  stercorine.     In  another  exauiinati<^ 
of  the  fieces  from  this  patient,  maile  nineteen  dnyn  after,  when  the  ieter 
had  almost  entirely  diisappeared  and  the  evacuations  had  become  no 
stercorine  Wivs  discovereiL     These  facts  show  that  the  cholesterine  of  t| 
bile,  in  its  passage  through  the  intestine,  is  changed  into  stercorine. 
of  these  substances  are  crystallizable,  non-saponi liable,  are  extracted  by 
same  chemical  manipulations,  and  behave  in  the  siime  way  when  treated  will 
Bulphuric  acid.    Stercorine  must  be  regarded  as  a  mtnlitication  of  cholesteriil 
which  is  the  excrementitious  constituent  of  the  bile. 

The  change  of  cholesterine  into  stercorine  is  directly  connL^ctecJ  witi 
proce^  of  intestinal  digestion*     If  an  animal  be  kept  for  some  days  witljo 
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Fro.  61.— Stercorine  from  the  kutnan  /aceg. 
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food,  cholesterine  wiU  be  found  in  the  faeces,  although,  for  a  few  days,  ster- 
corine  is  also  present.  It  is  a  fact  generally  recognized  by  those  who  have 
analyzed  the  faeces,  that  cholesterine  does  not  exist  in  the  normal  evacu- 
ations; but  whenever  digestion  is  arrested,  the  bile  being  constantly  dis- 
charged into  the  duodenum,  cholesterine  is  found  in  large  quantity.  For 
example,  in  hibernating  animals,  cholesterine  is  always  present  in  the  faeces. 
The  same  is  true  of  the  contents  of  the  intestines  during  foetal  life;  the  me- 
conium always  containing  a  large  quantity  of  cholesterine,  which  disappears 
from  the  evacuations  when  the  digestive  function  becomes  established.  Ster- 
corine  has  not  been  subjected  to  ultimate  analysis.  Its  physiological  relations 
will  be  considered  in  connection  with  the  excretory  office  of  the  liver. 

Indole  Skatoly  Phetwl  etc, — The  so-called  putrefactive  processes,  which 
begin  in  the  small  intestine,  are  more  marked  in  the  large  intestine  and  give 
rise  to  certain  products  which  have  the  characteristic  faecal  odor.  Certain  of 
these  substances  may  be  produced  by  the  prolonged  action,  out  of  the  body, 
of  the  pancreatic  juice  upon  albuminoids.  .  The  pancreatic  juice,  in  an  alka- 
line medium,  changes  the  trjrpsine-peptones  into  leucine,  tyrosine,  hypoxan- 
thine  and  asparaginic  acid.  By  still  farther  prolonging  this  action,  indol 
(C,H,N),  skatol  (C,H,N)  and  phenol  (C,H,0),  with  some  other  analogous 
substances  and  volatile  fatty  acids,  are  formed,  and  there  is  an  evolution  of 
certain  gases.  It  is  probable  that  these  products  are  formed  in  abnormal 
quantities  in  the  small  intestine  in  certain  cases  of  intestinal  dyspepsia. . 
The  relations  of  the  substances  just  nientioned  to  the  general  process  of  nu- 
trition are  not  understood. 

Movements  of  the  Large  Intestine, — Movements  of  the  general  character 
noted  in  the  small  intestine  occur  in  the  large  intestine,  although  the  pecul- 
iarities in  the  arrangement  of  the  muscular  fibres  and  the  more  solid  consist- 
ence of  the  contents  render  these  movements  in  the  large  intestine  somewhat 
distinctive.  In  all  instances  where  the  movements  have  been  observed  in  the 
human  subject  or  in  the  lower  animals,  they  have  been  found  to  be  less  vig- 
orous and  rapid  than  the  contractions  of  the  small  intestine.  Indeed,  when 
the  abdominal  organs  are  exposed,  either  in  a  living  animal  or  immediately 
after  death,  movements  of  the  large  intestine  are  generally  not  observed, 
except  on  the  application  of  mechanical  or  electric  stimulation  ;  and  they  are 
then  more  circumscribed  and  much  less  marked  than  in  any  other  part  of 
the  alimentary  canal.  That  the  faeces  remain  for  a  considerable  time  in  some 
of  the  sacculated  pouches  of  the  colon,  is  evident  from  the  appearance  which 
they  sometimes  present  of  having  been  moulded  to  the  sliape  of  the  canal. 
This  appearance  is  frequently  observed  in  the  dejections,  which  are  then  said 
to  be  "  figured." 

In  the  caecum,  the  pressure  of  matters  received  from  the  ileum  forces  the 
mass  onward  into  the  ascending  colon,  and  the  contractions  of  its  muscular 
fibres  are  probably  slight  and  inefficient.  Once  in  the  colon,  it  is  easy  to 
see  how  the  contractions  of  the  muscular  structure — the  longitudinal  bands 
shortening  the  canal,  and  the  transverse  fibres  contracting  below  and  relax- 
ing above — are  capable  of  passing  the  fiecal  mass  slowly  onward.     Although 
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the  transverse  fibres  are  thin  and  apparently  of  little  power,  their  contractm 
is  undoubtedly  sufficient  to  empty  the  saceuli,  when  assisted  by  the  ' 
ments  of  the  hmgitiidinal  fibres,  es|>eciully  as  the  canal  is  never  coni] 
filled  and  the  faeces  are  frequently  in  the  form  of  small,  mouldal  lump&  Bv 
these  slow  and  gradual  movements,  the  contents  of  the  large  intestine  sr 
passed  toward  tlie  sigmoid  flexure  of  the  colon,  where  they  are  arretted  until 
the  period  arrives  for  their  final  discharge.  The  time  occupied  in  the  pu> 
sage  of  the  faeces  through  the  ascending,  transverse  and  descending  colon  if 
undoubtedly  variable  in  different  persons,  as  great  variations  are  observed  in 
the  intervals  between  the  acts  of  defalcation.  During  their  passage  aloii| 
the  colon,  the  contents  of  the  canal  assume  more  and  more  of  the  normal 
fa?cal  consistence  and  odor  and  become  slightly  coated  with  the  mucous  seems 
tion  of  tlie  parts. 

The  accumulation  of  faeces  generally  take-s  place  in  the  sigmoid  flexure  of 
the  colon ;  and  under  normal  conditions,  the  rectum  is  found  empty  and 
contracted.  This  part  of  the  colon  is  much  more  movable  than  other  por- 
tions of  the  large  int4?stiue*  At  certain  tolerably  regular  intervals,  the  facal 
matter  is  passed  into  the  rectum  and  is  then  almost  immediately  discharged 
from  the  body. 

De/wcaf  ion. —In  health,  expulsion  of  faecal  matters  takes  place  with  regu- 
larity generally  once  in  the  twenty-four  hours.  Thi^  rule,  however,  is  by  no 
means  invariable,  and  dejections  may  habitually  occur  twice  in  the  day  or 
every  second  or  third  day,  within  the  limits  of  health.  At  the  time  when 
deffecation  ordinarily  takes  place,  a  peculiar  sensation  is  experienced  calling 
for  an  evacuation  of  the  bowels ;  and  if  this  he  disreganied,  the  desire  may 
pass  away,  after  a  little  tin^e  the  act  becoming  impossible.  It  is  probable 
tliat  the  faeces  are  then  passed  out  of  the  rectum  by  antiperistaltic  action. 

The  condition  which  imjnediately  precedes  the  desire  for  def^c^tion  \i 
probably  the  descent  of  the  contents  of  the  sigmoid  flexure  of  the  c^olon  into 
the  rectum.  It  was  formerly  thought  that  the  f^ces  constantly  accumubt^l 
in  the  dilated  jjortion  of  the  rectum,  where  they  remained  until  an  evacua- 
tion took  place ;  but  the  arguments  of  O'Beirne  against  such  a  view  are 
conclusive.  He  demonstrated,  by  explorations  in  the  human  subject,  that 
under  ordinary  conditions,  the  rectum  is  contracted  and  contains  neither 
faeces  nor  gas.  It  is,  indeed,  a  fact  familiar  to  every  surgeon,  that  the  rec* 
tuni  usually  contains  nothing  which  can  be  reached  by  the  finger  In  phvsi- 
cal  examinations,  and  that  paralysis  or  section  of  the  muscles  which  close 
the  anus  by  no  means  involves,  necessarily,  a  constant  passi^  of  fsecal  mat^ 
ter.  O'Beirne  not  only  found  tlie  ret;tum  empty  and  presenting  a  certain 
degree  of  resistance  to  the  passage  of  injected  diiids^  but  on  passing  a  stora- 
Mrh-tube  into  the  bowel,  after  penetrating  six  to  eight  inches  (15  to  20  cen- 
timetres), it  passed  into  a  space  in  which  its  extremity  could  be  moved  with 
great  freedom^  and  there  was  instantly  a  rush  of  flatus,  of  fluid  fa?ce^  or  of 
both^  through  the  tube.  In  sonie  instances  in  which  nothing  escaped  through 
the  tube,  the  instrument  conveyed  to  the  hand  an  impression  of  liaving  en- 
tered a  solid  mass ;  and  on  being  withdrawn  it  contained  solid  faeces  in  its 
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upper  portion.  The  sensation  which  leads  to  an  effort  to  discharge  the  faeces 
is  due  to  the  accumulation  of  matters  in  the  sigmoid  flexure,  which  finally 
present  at  the  contracted,  upper  portion  of  the  rectum.  This  constriction, 
situated  at  the  most  superior  portion  of  the  rectum,  is  sometimes  called  the 
sphincter  of  O'Beirne. 

The  above  is  the  mechanism  of  the  descent  of  faecal  matter  into  the  rec- 
tum in  def aecation,  as  the  act  is  usually  performed ;  but  under  certain  condi- 
tions, faeces  must  accumulate  in  the  dilated  portion  of  the  rectum.  Ordina- 
rily, the  discharge  of  fseces  takes  place  only  after  the  efforts  have  been  con- 
tinued for  a  certain  time,  and  when  the  evacuation  is  "  figured,"  the  whole 
length  discharged  frequently  exceeds  so  much  the  length  of  the  rectum,  that 
it  is  evident  that  a  portion  of  it  must  have  come  from  the  colon ;  but  in 
cases  in  which  the  faeces  are  very  fluid,  or  when  the  call  for  an  evacuation 
has  not  been  regarded  and  has  become  imperative,  the  immediate  discharge 
of  matters  when  the  sphincter  is  relaxed  shows  that  the  rectum  has  been 
more  or  less  distended. 

In  the  process  of  def  aecation,  the  first  act  is  the  passage,  by  peristaltic 
contractions,  of  the  contents  of  the  sigmoid  flexure  of  the  colon  through  the 
slightly  constricted  opening  of  the  rectum  into  its  dilated  portion  below. 
The  faecal  matter,  however,  is  not  allowed  to  remain  in  this  situation,  but  it 
passes  into  the  lower  portion  of  the  rectum,  in  obedience  to  the  conti'actions 
of  its  muscular  coat,  assisted  by  the  action  of  the  abdominal  muscles  and  the 
diaphragm.  The  circular  fibres  of  the  rectum  undergo  the  ordinary  peri- 
staltic contraction ;  and  the  action  of  the  longitudinal  fibres  is  to  render  the 
rectum  shorter  and  more  nearly  stmight.  The  internal  and  the  external 
sphincters  present  a  certain  resistance  to  the  discharge  of  the  faeces,  particu- 
larly the  external  sphincter,  which  is  a  striated  muscle  of  considerable  power. 
There  is  always,  however,  a  voluntary  relaxation  of  this  muscle,  or  rather  a 
cessation  of  its  semi-voluntary  contraction,  which  immediately  precedes  the 
expulsive  act.  The  dilatation  of  the  anus  is  also  facilitated  by  the  action  of 
the  levator  ani,  which  arises  from  the  posterior  surface  of  the  botly  and 
ramus  of  the  pubis,  the  inner  surface  of  the  spine  of  the  iscliium,  and  a  line 
of  fascia  between  these  two  points,  passes  downward,  and  is  inserted  into 
the  median  raphe  of  the  perineum  and  the  sides  of  the  rec;tum,  the  fibres 
uniting  with  those  of  the  sphincter.  While  tliis  muscle  forms  a  support  for 
the  pelvic  organs  during  the  act  of  straining,  it  steadies  the  end  of  the  rec- 
tum, and  by  its  contractions,  favors  the  relaxation  of  the  sphincter  and 
draws  the  anus  forward. 

The  diaphragm  and  the  abdominal  muscles  merely  compress  the  abdom- 
inal organs,  and  consequently  those  contained  in  the  pelvis,  and  assist  in  the 
expulsion  of  the  contents  of  the  rectum.  The  diaphragm  is  the  most  im- 
portant of  the  voluntary  muscles  concerned  in  this  process ;  and  during  tlie 
act  of  straining,  the  lungs  are  moderately  filled  and  respiration  is  inter- 
rupted. The  vigor  of  these  efforts  depends  greatly  upon  the  consistence  of 
the  faecal  mass,  very  violent  contractions  being  frequently  required  for  the 
expulsion  of  hardened  faeces  after  long  constipation.  Although  more  or  less 
19 
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straining  generally  takes  place,  the  contractions  of  the  modular  coata  of  the 
rectum  frequently  are  competent  of  themselves  to  expel  the  faeces^  especiilljr 
when  they  are  soft. 

By  a  combination  of  the  movements  above  described,  the  floor  of  thr 
perineum  is  pressed  outward,  the  anus  is  dilated,  the  sharp  bend  in  tbe 
lower  part  of  the  rectum  is  brought  more  into  line  with  the  rest  of  the  canal, 
and  a  portion  of  tlie  contents  of  the  rectum  is  expelled.  Very  soon,  hoirevct, 
the  passage  of  faeces  is  interrupted  by  a  contraction  of  the  levator  ani  and  the 
sphincter,  by  which  the  anuB  is  suddenly  and  rather  forcibly  retracted,  Tlui 
muscular  action  may  be  effected  voluntarily ;  but  after  the  sphincter  has  been 
dilated  for  a  time,  the  evacuation  is  interrupted  in  this  way,  notwitlistandin^ 
all  efforts  to  oppose  it  After  a  time,  another  portion  of  ffeces  is  discharged, 
until  the  matters  have  ceased  to  pass  out  of  the  sigmoid  flexure  and  the  rec- 
tum has  been  emptied. 

Very  little  need  be  said  concerning  the  influence  of  the  nervous  sjstem 
on  the  movements  concerned  in  defecation.  The  non-striated  miuaciikr 
fibres  which  form  the  muscular  coat  of  the  rectum  are  supplied  with  nerrei 
from  the  sympathetic  system ;  and  to  the  external  sphincter  are  distribute 
filaments  from  the  last  sacral  pair  of  spinal  nerves.  These  nerves  bring  the 
sphincter  in  a  certain  degree  under  the  control  of  the  will,  and  impart  like- 
wise the  property  of  tonic  contraction,  by  whicli  the  anus  is  kept  constantly 
closed.  The  nerve-centre  for  defalcation  in  the  dog,  or  the  ano-€ptnjd 
centre,  is  in  the  spinal  conl,  at  the  site  of  the  Mfth  lumbar  vertebra  (Bculs'f  V 

Gases  found  ix  the  Aumextary  Cakal. 

The  gases  in  the  stomach  appear  to  have  no  definite  office.  They  gener- 
ally exist  in  very  small  quantity  and  they  are  sometimes  absent.  The  oxy- 
gen and  nitrogen  arc  derived  from  the  little  bubbles  of  air  which  are  incor- 
porated with  the  alimentary  bolus  during  mastication  and  insalivatitiiL 
The  other  gases  are  probably  evolved  from  the  food  during  digestion ;  «t 
least,  there  is  no  satisfactory  evidence  that  they  are  produced  in  any  other 
way*  Magendie  and  Chevreul  collect^l  and  analyzed  a  small  qnantity  of  gas 
from  the  stomach  of  an  executed  criminal  a  short  time  after  death  and  as- 
certained that  it  had  the  following  composition : 

GASES  CONTAINED    IN  THE  STOMACH. 

Oxygen ..11*00 

Carbon  dioxide * . . . . - # , .  liOO 

Pure  hydrt/gen 3*55 

Nitrogen .,....,.,,,, ,  .  71'4.j 

10(H» 

Magendie  and  Chevreul  found  three  different  gases  in  the  arnaU  int»- 
tine.  Their  examinations  were  made  upon  three  criminals  soon  after  execu- 
tion- The  first  was  twenty-four  years  of  age,  and  two  hours  before  ex©co- 
tion^  he  had  eaten  bread  and  Gruyere  cheese  and  had  drunk  red  wine  aiitl 
water.     The  second,  who  was  executed  at  the  same  time,  was  twenty-thm? 
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years  of  age,  and  the  conditions  as  regards  digestion  were  the  same.  The 
third  was  twenty-eight  years  of  age,  and  four  hours  before  death,  he  ate 
bread,  beef  and  lentils,  and  drank  red  wine  and  water.  The  following  was 
the  result  of  the  analyses : 


GASES  CONTAIN 

ED   IN  THE  SMALL   INTESTINE 

• 

First  criminal. 

Second  criminal. 

Third  criminal. 

Carbon  dioxide 

24-39 
55-53 
20-08 

40-00 

61-15 

8-85 

2500 

Pure  hydrogen 

8-40 

Nitrogen 

66-60 

100-00 

100-00 

100-00 

Xo  oxygen  was  found  in  either  of  the  examinations,  and  the  quantities  of 
the  other  gases  were  so  variable  as  to  lead  to  the  supposition  that  their  pro- 
portion is  not  at  all  definite.  Reference  has  already  been  made  to  the 
mechanical  office  of  these  gases  in  intestinal  digestion. 

In  the  large  intestine,  the  constitution  of  the  gases  presented  the  same 
variability  as  in  the  small  intestine.  Carburetted  hydrogen  was  found  in  all 
of  the  analyses.  In  the  large  intestine  of  the  first  criminal  and  in  the  rec- 
tum of  the  third,  were  found  traces  of  hydrogen  monosulphide.  The  follow- 
ing is  the  result  of  the  analyses  in  the  cases  just  cited.  In  the  third,  the 
gaseous  contents  of  the  csBcum  and  the  rectum  were  analyzed  separately : 

GASES  CONTAINED   IN  THE   LARGE   INTESTINE. 


First  criminal. 

Second  criminal. 

Third  criminal. 

Third  criminal. 

Carbon  dioxide 

Carburetted  hydrogen  and  traces 

of  hydrogen  monosulphide 

Pure  hydrogen  and  carburetted 

hvdrogen 

43-50 
5-47 

5103 

70-00 
11-60 

Vs-io 

C»ciim. 
12-50 

'  7-50 
12-50 
67-50 

Rectum. 
42-86 

11-18 

Pure  hvdrogen 

Carburetted  hydi-ogen 

N  itrogen 

45-96 

100-00 

100-00 

100-00 

10000 

Origin  of  the  Intestinal  Gases. — Tlie  most  reasonable  view  to  take  of  the 
origin  of  the  gases  normally  found  in  the  intestines  is  that  they  are  given  off 
from  the  articles  of  food  in  their  various  stages  of  digestion  and  decomposi- 
tion. That  this  is  the  principal  source  of  the  intestinal  gases,  there  can  be 
no  doubt ;  and  it  is  well  known  that  certain  articles  of  food,  particularly  vege- 
tables, generate  much  more  gas  tlian  others.  The  principal  gases  found  in 
the  intestinal  canal  may  all  be  obtained  from  the  food.  Some  of  them,  as 
hydrogen  and  carburetted  hydrogen,  do  not  exist  in  the  blood;  and  it  is 
difficult  to  conceive  how  they  can  be  generated  in  the  intestine  except  by 
decomposition  of  certain  of  the  articles  of  food.  Gases  do  not  exist  in  the 
alimentary  canal  of  the  foetus. 
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CHAPTER   X. 
ABSORPTIOX—LTUPM  AJTD  CHYLE, 

AhaarpHon  bj  btood«vej««<>l»— Abporption  by  IncU-al  and  IjtQpholic  vi*»*U— PIr  na»nmf  flf  1M 

lAcU'nl  aiul   lymphutic  vetdtr'l^i— Lympb&tic  gUinda -A(>«>€)rption  by  the  hr  rptiitn  by  tim 

i^kjn— Absorption  by  tbf  respiratoTy  «arfttrf!--Al>«orplion  from  clcned  cavui.-?.,  rr^r^uin  iff  ] 
etc.— Absorption   of   fat«  snd   iiMolable  8&beiAncet»— VAi-lAtionfr  and  iiiodifica*laci»  of 
^lechaiuftiu  of  the  pn««ag«  of  liquids  tbroogh  mecubmnc^  — Ly tnpb  and  chyle^f*rnpf?rt)<»aikd  i 
tioij  of  lymph— Origin  and  lue^  of  the  lymph— Compoeition  of  ttie  cbyle^Microaeopical  tbumttmi 
the  chyle— Atovemeots  of  th«  lymph  and  chyle. 

Digestion  has  two  great  objects :  one  is  to  liquefy  the  different  aliment- 
arv  substances  J  and  the  other,  to  begin  the  series  of  transformations  bj 
which  these  are  rendered  capable  of  nourishing  the  organism.  The  matters 
thus  acted  upon  are  taken  into  the  hhiod  as  fast  as  the  requisite  change*  in 
their  constitution  are  effected ;  and  once  received  into  the  circulation,  they 
become  part  of  the  nutritive  fluid,  supplying  the  loss  which  the  constiuit 
regeneration  of  the  tissues  from  matters  furnished  by  the  blood  necessarily 
involves.  The  only  constituents  of  foml  which  possibly  do  not  obey  this 
genend  law,  as  regards  tlieir  absorption,  are  the  fats.  Although  a  small  por- 
tion of  the  fat  taken  as  food  may  pass  directly  into  the  blood-reseels  of  the 
intestinal  canal,  by  far  the  greatest  part  finds  it^  way  into  the  circulation  by 
means  of  spe«*ial  absorbent  vessels  which  cmpiy  into  large  veina.  In  whiit- 
ever  way  fat  enters  the  blootU  it  is  nut  dissolved  but  is  reduced  to  tlit;  cotitii- 
tion  of  a  fine  eninlsiou. 

Adsori*tio\*  by  Blood-Vessels. 

That  substances  in  solution  can  pass  through  the  wtdls  of  the  capillaries 
and  of  the  small  veins,  and  that  absorption  actually  takes  place  in  grrat  part 
by  blood-vessels,  are  facts  which  hardly  demaud  discussion  at  the  pn^eut 
day.  Soluble  substances  which  htive  disappeared  from  the  alimentary  caiml 
have  been  repeatedly  found  in  tlie  blotxl  coming  from  this  part,  even  wh«*u 
the  Ivmphrttics  have  been  divided  and  communication  existtni  only  through 
the  blood-vessels;  and  it  has  been  shown  that  during  absorption,  the  blood 
of  the  porta!  vein  is  rich  in  albuminoids,  sugar  and  other  matters  resulting 
from  digestion. 

In  the  mouth  and  cnsophagus,  the  sojourn  of  alimentary  matters  b  m 
brief  and  the  changes  which  they  undergo  are  so  slight,  that  no  considerable 
absorption  can  take  place.  It  is  evident,  however,  that  the  mucous  mem- 
brane of  the  mouth  is  capable  of  absorbing  certain  soluble  matters,  from  the 
effects  which  are  constantly  observed  when  the  smoke  or  the  juice  of  tobac* 
CO  is  retained  in  the  mouth,  even  for  a  short  time.  In  the  stomach,  how- 
ever, absorption  takes  place  with  great  at-tivity.  A  large  proportion  of  the 
ingest^xl  liquids  and  of  those  constituents  of  fi>od  which  are  dissolveil  by  the 
gastric  juice  and  converted  into  peptones  is  taken  up  directly  by  the  bloo«i- 
vesftela  of  the  stomach.  It  may,  indeed,  be  assumed,  as  a  general  law,  that 
alimentary  matters  are  in  great  part  absorbed  as  soon  as  their  digestive 
transformationjs  in  the  alimentarj'  canal  have  been  completed. 
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In  the  passiige  of  the  food  along  the  intestinal  canal,  as  the  digestion  of 
the  albuminoids  is  completed,  these  matters  are  absorbed,  and  their  passage 
into  the  mass  of  blood  is  indicated  by  an  increase  in  its  proportion  of  albu- 
minoid constituents.  The  greatest  part  of  the  food  is  absorbed  by  the  intes- 
tinal mucous  membrane,  and  with  the  alimentary  substances  proper,  a  large 
quantity  of  secreted  fluid  is  reabsorbed.  This  fact  is  particularly  marked  as 
regards  the  bile.  The  biliary  salts  disappear  as  the  alimentary  mass  passes 
down  the  intestine,  and  undoubtedly  are  absorbed,  although  they  are  so 
changed  that  they  can  not  be  detected  in  the  blood  by  the  ordinary  tests. 
In  this  portion  of  the  alimentary  canal,  it  will  be  remembered,  an  immense 
absorbing  surface  is  provided  by  the*  arrangement  of  the  mucous  membrane 
in  folds,  forming  the  valvulae  conniventes,  and  by  the  presence  of  villi,  which 
are  found  throughout  the  small  intestine.  A  certain  portion  of  the  gaseous 
contents  of  the  intestines  is  also  taken  up,  although  it  is  not  easily  ascer- 
tained what  particular  gases  are  thus  absorbed. 

Absorptiox  by  Lacteal  and  Lymphatic  Vessels. 

The  history  of  the  discovery  of  what  is  ordinarily  termed  the  absorbent 
system  of  vessels,  from  the  vague  allusions  of  Hippocrates,  Galen,  Aristotle 
and  others,  to  the  description  of  the  thoracic  duct  in  the  middle  of  the  six- 
teenth century,  by  Eustachius,  and  finally  to  the  discovery  of  the  lacteals  by 
Asellius,  in  1622,  is  more  interesting  in  an  anatomical  than  in  a  physiologi- 
cal point  of  view.  The  history  of  the  anatomy  of  the  absorbent  system  dates 
from  the  discovery  of  the  thoracic  duct ;  but  from  the  discovery  of  the  lac- 
teals, by  Asellius,  dates  the  history  of  these  vessels  as  the  carriers  of  nutritive 
matters  -from  the  intestinal  canal  to  the  general  system. 

In  1049,  Pecquet  discovered  the  receptjiculum  chyli  and  demonstrated 
that  the  lacteals  did  not  pass  to  the  liver,  but  emptied  the  chyle  into  the 
thoracic  duct,  by  which  it  is  finally  conveyed  into  the  venous  system.  In 
1<;50-'51,  the  anatomical  history  of  tlie  absorbent  vessels  was  completed  by 
the  discovery,  by  Rudbeck,  of  vessels  carrying  a  colorless  fluid,  in  the  liver 
and  finally  in  almost  all  parts  of  the  body.  Kudbeck  demonstrated  tlic  ana- 
tomical identity  of  these  vessels  with  the  lacteals.  They  were  afterward 
8tudie<l  by  Bartholinus,  who  gave  them  the  name  of  lymphatics. 

The  idea,  which  dates  from  the  discoveries  of  Asellius  and  Pecquet,  that 
the  lacteals  absorb  all  the  products  of  digestion,  was  disproven  by  tlie  exper- 
iments of  Magendie  and  of  those  who  experimented  after  him  upon  vascu- 
lar absorption.  It  is  now  known  tliat  fats  in  the  form  of  a  very  fine  emul- 
sion are  absorbed  by  the  lacteals,  and  that  these  are  the  only  constituents  of 
food  taken  up  in  great  quantity  by  this  system  of  vessels.  It  becomes  an 
important  question  to  determine,  however,  whether  the  lacteals  be  not  con- 
cerned, to  some  extent,  in  the  absorption  of  drinks,  the  albuminoids,  saline 
and  saccharine  matters,  etc.  This  question  will  be  taken  up  after  a  consid- 
eration of  certain  points  in  the  anatomy  of  the  lymphatic  system. 

Physiological  Anatomy  of  the  Lacteal  and  Lymphatic  Vessels. — The 
lacteals  are  the  intestinal  lymphatics ;  and  during  the  intervals  of  intestinal 
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absorption  they  carry  a  liquid  which  is  identical  with  the  contetita  of  other 
lymphatic  vessels.    In  their  structure,  also,  the  lacteala  are  identical  irith 

the  general  lymphatics. 

Owing  to  the  exceeding  tenuity  of  the  walls  of  the  small  lymphatic*  and 
the  existence  of  great  numbers  of  valves  which  prevent  injection  from  ilie 
large  trunks,  the  anatomy  of  these  vessels  is  studied  with  some  difficalty; 
and  still  greater  difficulty  is  presented  in  the  study  of  the  vessels  of  origin  of 
the  hTuphutic  system  in  ditferent  tissues  and  organs.  The  origin  of  the 
lymphatics  in  the  intestinal  villi  has  already  been  considered,  and  it  reniaim 
to  study  the  origin  of  these  vessels  in  other  parts. 

Comparatively  recent  investigations,  particularly  those  of  Von  Recklings 
hausen  and  his  followers,  have  entirely  changeti  the  views  of  anatomists 
with  regard  to  the  mode  of  origin  of  the  IvTUphatics  of  various  part^;  but 
the  results  of  these  investigations  are  so  definite  and  positive  and  hiivo  km 
so  fully  confirmed,  that  they  are  now  idmost  universally  atlupted.  Accural- 
ing  to  these  results,  the  lymphatics  have  several  modes  of  origin. 

In  the  connective  tissues,  which  are  so  widely  distributed  in  the  Imh, 
there  are  always  found,  irregularly  shajjed,  stellate  spaces,  which  eommtmicat^ 
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Fro.  88.— Orto«n  of  ljnf^pkatw»  (L&ndolst. 

I.  From  the  centroJ  tendon  of  the  diAptiragm  of  the  rabbtt  (Beml'diafn*aRimJitfc) :  a,  lymph -oon&ls  com^ 

niimicatJDK  by  x  wltli  Uie  lymphaUc  vessel  L ;  a,  origJu  of  the  lymphatic  by  a  tmiou  of  lywpb- 
caiials ;  s,  e,  endotheLium. 

II.  PerivoaeuUkT  caiiaL 

with  e*ach  other  by  bnmching  canals,  that  ciin  proiK^rly  be  called  lymph- 
spaces,  or  "  juice-canals.''  These  spacer  contain  a  liquid  and  large  numbers 
of  leucocytes.  The  leucocytes  in  these  spaces  may  be  called  lymph-oorpns- 
cles,  as  they  eventually  find  their  way  into  the  true  lymphatic  vessels;  bat 
they  ara  thought  to  be  white  blood-corpuscles  which  have  passed  through  the 
stomata  of  the  capillary  Id ood- vessels.  Tlie  connective-tissue  lymph-spaceii, 
by  certain  of  their  branches,  finally  communicate  with  the  so-called  lymph- 
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capillaries,  through  what  have  been  regarded  as  the  stomata  of  these  vessels. 
These  anatomical  data  have  led  to  the  following  view  with  regard  to  the  re- 
lations between  the  blood,  the  lymph  and  the  tissues. 

Nutrient  matters  are  supplied  to  the  parts  by  transudation  through  the 
walls  of  the  capillary  blood-vessels;  and  the  effete  matters  pass  from  the 
lymph-spaces  into  the  true  lymphatic  vessels,  to  be  finally  carried  to  the 
venous  system.  In  certain  tissues  and  organs,  however,  such  as  the  cornea 
and  fibrous  membranes,  the  lymph -spaces  or  canals  supply  the  nutrient 
fluid ;  and  in  the  glands  they  probably  supply  part  of  the  material  used  in 
the  formation  of  the  secretions. 

In  the  serous  membranes  and  in  other  analogous  structures,  there  are 
large  numbers  of  openings  into  the  cavities ;  and  the  peritoneum,  pleura, 
pericardium,  tunica  vaginalis  testis,  chambers  of  the  eye,  labyrinth  of  the  in- 
ternal ear  and  subarachnoid  space  are  to  be  regarded  as  great  lymph-sacs,  the 
contained  fluids  being  lymph,  without,  however,  presenting  the  so-called 
lymph-corpuscles. 

The  relations  between  the  blood-vessels  and  the  smallest  lymphatics  are 
very  close  in  certain  parts.  In  the  cerebro-spinal  centres,  Robin  and  His 
have  demonstrated  a  system  of  canals  which  surround  the  small  blood-ves- 
sels and  are  connected  with  the  lymphatic-trunks  or  reservoirs  described  by 
Fohmann  and  found  under  the  pia  mater.  The  capillary  blood-vessels 
thus  float  in  surrounding  vessels  filled  with  liquid.  These  vessels  surround- 
ing the  blood-vessels  are  called  perivascular  canals,  and  the  contained  liquid 
is  true  lymph,  containing  leucocytes,  or  lymph-corpuscles.  They  exceed  the 
blood-vessels  in  diameter  by  Yitis  ^^  rfir  ^^  ^^  ^^^^  (^^  ^  Q2ik).  Since  the 
perivascular  canals  of  the  nerve-centres  have  been  described,  similar  vessels 
have  been  found  in  the  retina  and  in  the  liver. 

The  true  capillary  lymphatics  have  been  studied  in  various  parts  by 
means  of  mercurial  injections,  but  the  presence  of  valves  in  the  small  trunks 
renders  it  necessary  to  make  these  injections  from  the  periphery.  The  ves- 
sels have  been  injected  in  certain  situations  with  mercury,  by  simply  punct- 
uring with  a  fine-pointed  canula  the  parts  in  whicli  the  plexus  is  supposed 
to  exist,  and  allowing  the  liquid  to  gently  diffuse  itself.  Following  the 
course  of  the  vessels,  the  injection  passes  into  the  larger  trunks  and  thence 
to  the  lymphatic  glands.  The  regularity  of  the  plexus  through  which  the 
liquid  is  first  diffused  and  the  passage  of  the  injection  through  the  larger 
vessels  to  the  glands  are  proof  that  the  lymphatics  have  been  penetrated  and 
that  the  appearances  observed  are  not  the  result  of  mere  infiltration  in  the 
tissue.  It  does  not  appear  that  the  vessels  composing  this  plexus  vary  much 
in  size.  They  are  quite  elastic,  and  after  distention  by  injection,  they  return 
to  a  very  small  diameter  when  the  fluid  is  allowed  to  escape. 

By  the  method  above  indicated,  it  is  possible  to  inject  the  superficial 
lymphatics  of  the  skin,  the  deeper  vessels  situated  just  beneath  the  skin,  and 
vessels  in  the  serous  membranes,  glandular  organs,  lungs,  tendons  etc.,  in 
addition  to  the  larger  trunks,  such  as  the  thoracic  duct.  The  lacteal  system 
presents  essentially  the  same  anatomical  characters  as  the  general  lymphatics. 
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and  the  vessels  are  filled  with  colorless  l^mph  during  the  inti^rvals  of  ^^e^ 
tion»  In  many  .situations  the  lymphatics  present  in  their  eourse  liteks  gi^id 
structures,  culled  lymphatic  glands,  uUhough^  as  regartls  structure  and  office, 
they  are  not  true  glandular  organs.  The  smallest  capilbry  lymphattirs  liaxe 
a  diameter  of  about  ^  of  an  inch  (83  /*)*     This  may  be  taken  us  t'  - 

age  diamet-er  in  the  primitive  plexus.    This  plexus,  when  the  % 
abuudunt,  as  they  are  in  certain  i*arts  of  the  cutaneous  surfAcc*  reeemble*  »ii 
ordinary  plexus  of  eapUIary  bluod-vessels,  except  that  the  walls  of  the  rassek 
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Fro.  63, — LjfMphatic  plexuM,  iihowing  tiu  endotkeUum  i^hik-tt  i. 

are  thinner  and  their  diameter  is  greater.  The  vessels  are  lined  by  endo- 
thelial cells,  tlie  borders  of  wliieh  are  brought  into  view  by  the  action  of  §i\* 
ver  nitrate,  as  is  shown  in  Fig.  83. 

The  smallest  lymphatic  vessels  are  by  far  the  most  abundant.  They  art* 
arranged  in  the  form  of  a  fine  plexus,  very  superficially  situated  in  the  skin. 
A  second  plexus  exists  just  beneath  the  skiu^  composed  of  vessels  of  much 
greater  diameter.  The  skin  is  thus  enclosed  between  two  plexuses  of  capil- 
lary lymphatics.  A  plexus  analogous  to  the  superficial  plexus  of  the  tikiu  is 
found  just  l>eneath  the  surface  of  tlie  nnicous  membranes  Thc^se  may,  in- 
deed, be  classed  with  the  supt^rficial  lymphatics.  The  deep  lymphatics  arc 
much  larger  and  less  abuiirUnit,  and  thcii*  origin  is  less  easily  made  oat 
These  accompany  the  deeper  veins  in  their  course^  They  receive  the  lymph 
from  the  superficial  vessels. 

No  valvular  arrangement  is  found  in  the  smallest  lymphatics;  but  the 
vessels  coming  from  the  primitive  plexu8t^^,  a^  well  as  tlie  large  vessels,  con- 
tain valves  in  great  nmrdiers.  These  valvcjs,  being  so  closely  set  in  the  ves- 
sels, give  to  them,  whcu  tilled  with  injection,  a  peculiar  and  characteristic 
beaded  appearance. 
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The  course  of  the  lymphaticg  is  generally  direct     As  they  pass  towurd 
the  great  trunks  by  whiuli  they  eommumeate  with  the  venous  system,  they 
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,^„,       FlO.  86.— Deep  ttfmfjfuititJi  c/  the  skin  uf  the 
of  ^uyfi*(Kap|*y>. 

of  1, 1.  deep  net-vfork  of  cutmieoUR  b^mpfifttlcs  ; 
2,  i,  i,  i,  lyniplidtic  trunks  counectecl  with 
this  iiet'Work. 
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^^^ent  a  peculiar  anastomosis  with  the  adjacent  vessels,  ouIUhI  anastomosis 

bifureation;  that  is,  as  a  vessel  passes  along  with  other  vessels  nearly 

imllcl  with  it,  it  bifurcates,  and  tho  two  branches  pa^ss  into  the  nearest  ves- 

lU  on  either  side.     Theae  anastomoses  are  quite  frequent,  and  tliey  generally 

:ur  between  vessels  of  equal  .size*     In  their  coui*ge,  the  vessels  pass  through 

so-called  Ivinphatir  glands. 

A  notable  pet^uliarity  in  the  lymphatic  vessels  is  that  they  vary  very  little 
sijje,  being  nearly  as  large  at  the  extremities  as  they  are  near  the  trunk. 
their  course,  they  are  always  much  smaller  than  the  veins  and  do  not  pro- 
iively  enlarge  as  they  pass  on  to  the  great  lymjthatic  trunks.    The  largeat 
that  ])ass  from  the  skin  are  ^  to  ^  of  an  inch  (1  to  2  inni.)  in  diame- 
jir,  und  the  larger  vessels,  in  their  course,  have  a  diameter  of  ^^  to  ^  of  an 
ich  (2  to  li  mm.).     As  in  the  case  of  the  smallest  lymphatics  of  the  primi- 
ive  plexuses,  the  elasticity  of  the  walls  of  tlie  vessi^ls  rentiers  tlieir  diame- 
ter greatly  defjendent  upon  the  pressure  of  fluid  in  their  interior.     Many 
anatomists  have  noticed  that  vessels  which  are  hardly  perceptible  while  emp- 
ty are  capable  of  being  diluted  to  the  diameter  of  lialf  a  line  (about  1  mm,) 
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or  more,  returning  to  their  original  size  as  soon  as  the  distending  fluid  a 
removed* 

In  the  l^Tnphatics  of  the  skin,  the  only  important  peculiarity  which  hm 

not  yet  been  mentioned  i* 
that  the  ressels    apjM 
be   very   unequally  ^Jl: 
uted  in  different    parts  of 
the  surface.      A* - 
Sappt^y,  they  are  p 
abundant  in  the  scalp  over 
the    biparietal    snttire,   die 
stjhs  of    the    feet  and  the 
palms  of  the  li&nd,  the  fin- 
gers at  the  lateral  portioii  d 
the  la^t  phalanges^  and  the 
scrotum.      In    the    medtait 
jx^rtion  of  the  scrotum  thev 
attain   their  highest  degnae 
of  development.     They  an* 
also   fouud,  though  in  lesi 
number,    originating    fnitn 
around  the  me<lian  line  on 
the  anterior  and    posterior 
surface  of  the    trunk,  the 
posterior  median  portion  of 
the    extremities,    the    ekin 
over  the  mammie,  and  around 
the   orifices  of  the  mui^ou^ 
passiiges.      Sappey   has    in- 
jected  lymphatic  ve^ssek  in 
the  anterior  portion  of  the 
forearm,  the  thigh  and  the 
leg,  and  in  the  middle  por- 
tion of  the   face,  although 
they  are  demongtrated  with 
difficulty  in  these  situations.     If  they  exist  at  aU  in  other  portions  of  the  cu- 
taneous surface,  they  are  not  abundant. 

In  the  mucous  membnmes  the  Innphatics  are  very  abundant.  Here  are 
found,  as  in  the  skin,  two  distinct  layers  which  enclose  between  them  the 
entire  thickness  of  the  mucous  membrane.  The  more  superficial  of  these 
layers  is  composed  of  a  rich  plexus  of  small  vessels,  and  beneath  the  mucoos 
membmne,  is  a  plexus  consisting  of  vessels  of  larger  size.  The  superficial 
plexus  is  very  rich  in  the  mixed  structure  which  forms  the  lips  and  the  glans 
penis,  and  around  the  orifices  of  the  mouth,  the  nares,  the  vagina  and  the 
anus.  There  are  certain  mucous  membranes  in  which  the  IvTuphatics  have 
never  been  injected.    In  the  serous  membranes,  lymphatics  have  been  demon- 
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strated  in  great  abundance.  Lymphatics  have  been  demonstrated  taking 
their  origin  in  the  voluntary  muscles,  the  diaphragm,  the  heart  and  the  non- 
striated  muscular  coats  of  the  hollow  viscera,  although  their  investigation  in 
these  situations  is  difficult. 

Lymphatics  are  found  coming  from  the  lungs  in  great  numbers.  These 
arise  in  the  walls  of  the  air-cells  and  surround  each  pulmonary  lobule  with  a 
close  plexus.  The  deep  vessels  follow  the  course  of  the  bronchial  tubes, 
passing  through  the  bronchial  glands  and  the  glands  at  the  bifurcation  of  the 
trachea,  to  empty  into  the  thoracic  duct  and  the  great  lymphatic  duct  of  the 
right  side. 

In  the  glandular  system,  including  the  ductless  glands,  and  in  the  ovaries, 
the  lymphatic  vessels  are,  as  a  rule,  more  abundant  than  in  any  other  parts 
of  the  body.  They  are  especially  abundant  in  the  testicles,  the  ovaries,  the 
liver  and  the  kidneys. 

The  lymphatic  vessels  from  the  superficial  and  deep  portions  of  the  head 
and  face  on  the  right  side,  and  those  from  the  superficial  and  deep  portions 
of  the  right  arm,  the  right  half  of  the  chest,  and  the  mammary  gland,  with  a 
few  vessels  from  the  lungs,  pass  into  the  great  lymphatic  duct,  ductus  lym- 
phaticus  dexter,  which  empties  into  the  venous  system  at  the  junction  of 
the  right  subclavian  with  the  internal  jugular.  This  vessel  is  about  an  inch 
(25-4  mm.)  in  length  and  one-twelfth  to  one-eighth  of  an  inch  (2  to  3  mm.) 
in  diameter.  It  is  provided  with  a  pair  of  semilunar  valves  at  its  opening 
into  the  veins,  which  effectually  prevent  the  ingress  of  blood.  The  vessels 
from  the  inferior  extremities,  and  those  from  the  lower  portions  of  the 
trunk,  the  pelvic  viscera,  the  abdominal  organs  generally  and  the  left  half 
of  the  body  above  the  abdomen  empty  into  the  thoracic  duct. 

In  their  course,  all  of  the  lymphatics  pass  through  the  small,  flattened, 
oval  bodies,  called  the  lymphatic  glands,  which  are  so  abundant  in  the  groin, 
the  axilla,  the  pelvis  and  in  some  other  parts.  Two  to  six  vessels,  called  the 
vasa  afferentia,  penetrate  each  gland,  having  first  broken  up  into  a  number 
of  smaller  vessels  just  before  they  enter.  They  pass  out  by  a  number  of 
small  vessels  which  unite  to  form  one,  two  or  three  trunks,  generally  of  larger 
size  than  the  vasa  afferentia.  The  vessels  which  thus  emerge  from  the 
glands  are  called  vasa  efferentia. 

The  lymphatics  of  the  small  intestine,  called  lacteals,  pass  from  the  intes- 
tine between  the  folds  of  the  mesentery  to  empty,  sometimes  by  one  and 
sometimes  by  four  or  five  trunks,  into  the  receptaculum  chyli.  In  their 
course,  the  lacteals  pass  through  several  sets  of  lymphatic  glands,  which  are 
here  called  mesenteric  glands. 

The  thoracic  duct,  into  which  most  of  the  lymphatic  vessels  empty,  is  a 
vessel  with  very  delicate  walls  and  about  the  size  of  a  goose-quill.  It  begins 
by  a  dilatation,  more  or  less  marked,  called  the  receptaculum  chyli.  This  is 
situated  upon  the  second  lumbar  vertebra.  The  canal  passes  upward  in  the 
median  line  for  the  inferior  half  of  its  length.  It  then  inclines  to  the  left 
side,  forms  a  semicircular  curve  sonietliing  like  the  arch  of  the  aorta,  and 
empties  at  the  junction  o5  the  left  subclavian  with  the  internal  jugular  vein. 
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inch  (19  to  '25  mm.)  from  its  termiuation,  which  effectually  prevent  the 
entrance  of  blorxl  from  tlie  venous  eystem. 

The  foregoing  jsketch  of  the  descriptive  anatomy  of  ivhat  ha'?  been  called 
the  absorbent  system  of  vessels  shows  that  they  may  collect  fluids^  not  only 
from  the  intestinal  canul  during  digestion,  hut  from  nearly  every  tissue  and 
organ  in  the  body,  and  tlmt  the^  fluids  are  iinally  received  into  the  venous 
circulation. 

Structure  of  the  Ladval  and  Lijmpltafw  TV>">y7,y.-^The  lymphatic  vessels, 
eren  those  of  largest  size,  are  remarkable  for  the  delicacy  and  transparency 
of  their  walls.  This  is  well  illustrated  in  the  case  of  the  lacteiils,  which  are 
hardly  visible  in  the  transparent  nieaentery,  unless  they  be  tilled  with  the 
opaque  chyle. 

From  the  difficulty  in  studying  the  lymphatics  at  their  origin,  except  by 
means  of  injections  or  by  reagents  which  stain  the  vessels,  investigations  into 
the  structure  of  the  smallest  vessels  have  not  been  very  satisfactory.  It  is 
supposed,  however,  that  tlie 
vessels  here  consist  of  a  single 
coat,  resembling,  in  this  re- 
gard, the  capillary  hlood-vcs- 
gels.  Belaieff  has  described  in 
the  capillar}^  lymphatics  of  the 
penis  a  lining  of  endothelial 
wlls  arrangnl  in  a  sluglu  layer. 
These  cells  are  oval,  polygonal, 
fusiform  or  dentatcd,  with 
their  long  diameter  in  the  di- 
rection of  the  axis  of  the  ves- 
sels. 

In  all  but  the  capillary  1  vm- 
phatics,  although  the  walls  are 
very  thin,  three  distinct  coats 
can  Ijc  distinguished.  The  in- 
ternal coat  consists  of  an  clas- 
tic membrane  lined  with  ob- 
long, endothelial  cells.  This 
coat  readily  gives  way  when 
the  vessels  are  forcibly  dis- 
tended. The  middle  coat  is 
composed  of  longitudinal  fibres 
of  eounective  tissue,  with  deli- 
cate elastic  fibrea,  and  non- 
striated  mnscidar  fibres  ar- 
ranged transversely.  The  external  coat  is  composed  of  the  same  stnictures 
as  the  middle  coat,  but  most  of  the  fibres  are  arranged  longitudinally.  In 
this  coat  tlie  musculur  fibres  do  not  form  a  continnons  sheet,  but  are  col- 
lected into  separate  fasciculi,  which  have  a  direction  either  longitudinal  or 
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luto  the  venoiiH  Hj'Steiii. 


282 


ABSORFnON-LYMPH  A^D  CHYLE. 


oblique.  The  fibres  of  connective  tissue  are  very  abundant  and  unite  the 
vessels  to  the  surrounding  parts.  The  internal  and  the  middle  coatB  are 
closely  adherent  to  each  other ;  but  the  external  coat  may  readily  be  fleparatetl 
from  the  others.  Blood-vessels  have  been  found  in  the  walla  of  the  lym- 
phatics, and  the  existence  of  vaso-motor  nerves  is  probable* 

The  walls  of  the  lymphatic  vessels  are  very  closely  adJierent  to  the  sar- 
rounding  tissues ;  so  closely,  indeed,  that  even  a  small  portion  of  a  veseel  k 
detached  with  great  difficulty,  and  the  vessels,  even  those  of  large  sijee,  caa 
not  be  followed  out  and  isolated  for  any  considerable  distance. 

In  all  the  lymphatic  vessels^  beginning  a  short  distance  from  their  plexiy 
of  origin,  are  semihinar  valves,  generally  arranged  in  pairs,  with  their  cony 
cavities  looking  toward  the  larger  trunks.  Tliese  folds  are  formed  of  th 
middle  and  inner  coats ;  but  the  fold  formed  from  the  lining  membrane  is  1 
far  the  wider,  so  that  the  free  edges  of  the  valves  are  considembly  thinne 
than  that  portion  which  is  attached  directly  to  the  vesseL  The  valves 
most  abundant  in  the  suj>erficial  vessels.  The  distance  between  the  valves  i 
one-twelfth  to  one-eighth  of  an  inch  (2  to  3  mm,),  near  the  origin  of  the  ve 
sels,  and  one-quarter  to  one- third  of  an  inch  {0  to  8  mm.),  in  their  cour 
In  the  lymphatics  situatetl  between  the  mustfles  the  valves  are  less  abui 
dant.  They  are  always  relatively  few  in  the  vessels  of 
head  and  neck  and  in  all  that  have  a  direction  from  above 
downward.  Although  there  are  a  number  of  valves  in  the 
thoracic  duct,  they  are  not  so  abundant  here  as  in  the 
smaller  vessels. 

In  their  anatomy  and  general  properties,  the  lymptiau  ^ 
beiir  a  close  resemblance  to  the  veins.  Although  much 
thinner  and  more  tmusparent,  their  coats  have  nearly  the* 
same  arrangement.  The  armngemeut  of  valves  is  entirely 
the  same ;  and  in  both  systems,  the  folds  prevent  the  reflux 
of  fluids  when  the  vessels  are  subjected  to  pressure. 

Tiie  Ivmphatics  are  very  elastic;  and  it  is  generally 
admitted  tluit  the  larger  vessels  and  those  of  medium  aiie 
are  contractile,  although  the  action  of  their  muscular  fibres, 
like  that  of  all  fibres  of  the  non-striated  variety,  is  , 
and  gradual. 

One  of  the  most  important  points  in  connection 
the  physiological  anatomy  of  the  lymphatic  ve^ssels  is 
question  of  the  exist<*nce  of  orifices  in  their  walls,  which 
might  allow  the  passage  of  solid  partieles  or  of  emulsiousv 
Anatomical  observations  have  indicated  the  existence  of 
storaata,  of  variable  size  and  irregular  shape,  in  the  small- 
est vessels ;  and  a  strong  argument  in  favor  of  the  existence  of  these  orifices 
has  been  the  fact  of  the  actual  passage,  through  the  walls  of  the  vesseK  of 
fatty  particles,  the  entrance  of  which  can  not  be  explained  by  the  well  known 
laws  of  endosmosis.  The  anatomical  evidence  of  the  existence  of  openings 
is  derived  mainly  from  pref>arations  stained  with  silver  nitrate.     It  is  assumed 
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that  silver  nitrate  stains  the  solid  parts  of  tiisaneg  and  the  bonlers  of  the  en- 
dothelial cells,  and  that  non-nucleated  areas  whicli  do  not  present  any  stain- 
ing are  necessarily  open.  In  preparations  of  the  lymphatics,  tlie  solution  of 
silver  is  seen  staining  tlie  tissues  and  the  boi-ders  of  the  cells  lining  the  ves- 
^s;  but  feliere  are  areas  between  these  cells  where  no  stiiining  is  observed 
and  in  which  no  nuclei  are  brought  out  by  sttiiuing  with  carmine. 

Lifrnphntic  Glaruh. — ^In  the  course  of  tht?  lymphatic  vessels,  are  small, 
lenticuhir  bodies,  called  lymphatic  glands.  The  number  of  these  is  very 
gri5iitf  although  it  is  estimated  with  ditliculty,  from  the  fact  that  many  of 
tliem  are  very  small  and  are 
consequently  liable  to  escape 
obgerration.  It  may  be  stated 
>proximation  that  there 
or  seven  hundred  lym- 
jihatic  glands  in  the  body. 
llieir  size  and  form  are  also 
very  variable  within  the  lim- 
\x&  ot  hetdth.  They  generally 
are  flattened  and  lenticular, 
some  as  large  as  a  bt^n  and 
others  as  small  as  a  small  pea 
or  even  a  pinVhead,  They 
an*  arranged  in  two  sets ;  one 
superticial  and  corresponding 
with  the  superficial  lymphatic 
vessels,  and  a  deep  set,  corre- 
si^nding  with  the  deep  ves- 
sels. The  superficial  glands 
are  most  abundant  in  the 
foMs  at  the  fiexures  of  tiie 
great  joints  and  about  the 
gr«7!at  ves.sels  of  the  head  and 
neck.  The  deep-seatetl  glands 
are  most  abundant  around  the 
vessels  coming  from  the  great 
glandular  viscera.  A  distinct 
set  of  large  glands  is  found 

connected  with  the  lymj>hatic  vessels  between  the  folds  of  the  mesentery. 
The^e  are  known  as  the  mesenteric  glands.  All  of  the  lymphatic  vessels  ptwss 
through  glands  before  they  empty  into  the  great  lympliatic  trunks,  and  most 
of  them  pass  through  several  glands  in  their  course. 

The  j>erfect,  healthy  glands  are  of  a  grayish- white  or  reddish  color,  of 
about  the  consistence  of  the  liver,  presenting  a  hilum  where  the  larger  blood- 
veflsela  enter  and  the  efferent  vessels  emerge,  and  are  covered,  except  at  the 
hitum,  with  a  delicate  membrane  composed  of  inelastic  fibres,  a  few  elastic 
fibres  and  non-striated  muscular  fibres.    Their  exterior  ia  somewhat  tuber- 
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culated^  from  the  projeotioiis  of  the  follicles  jast  beneath  the  inventing  mem- 
brane* The  interior  of  the  glands  h  soft  and  pulpy.  It  pre^nt^  a  coar^lf 
granular,  cortical  substance,  of  a  reddi«li- white  or  gray  color,  which  Is  im^ 
sixth  to  one-fourth  of  an  inch  (4  to  6  mm.)  iu  thickness  in  the  largt^ 
glands.  The  medullary  iJiirtion,  which  comes  to  the  surface  at  the  hilarn^is 
lighter  colored  and  coai-ser  than  the  cortical  eubsta^uce.  Throughout  ti* 
gland,  are  found  delicate  fasciculi  of  fibrous  tissue  connected  with  the  iii* 
vesting  membrane,  which  serve  as  a  fibrous  skeleton  for  the  glaiid  and  din"l< 
it;5  substance  into  little  alveoli.  The  structure  is  far  more  delicate  in  tW 
cortical  than  in  the  medullary  iK*rtion- 

Withiu  the  alveoli,  are  irregularly  oval,  closed  follicles,  about  ,iy  of  an 
inch  (100  ;iu)  in  diameter,  filled  with  a  fluid  and  with  celU  like  those  con- 
tained in  the  solitary  glands  of  the  intestines  and  the  patches  of  Peyer*  The^ 
follicles  do  not  seem  to  occupy  the  medullary  jwrtion  of  the  glanda^  which* 
according  to  Kolliker,  is  composed  chiefly  of  a  net-work  of  lymphatic  capii- 
laries,  mixed  with  rather  coarse  bands  of  fibrous  tissue.  The  folUcin  i 
ures  in  the  lymphatic  glands  resemble  the  cIoschI  follicles  in  the  mu< 
brane  of  the  intestinal  canal  and  the  Malpighian  bodies  of  the  spleen. 

According  to  Von  Recklinghausen,  there  exist  in  the  substance  of  xht 
lymphatic  glands  great  numbers  of  l}Tnph-spaccs  or  canals,  which  are  pn'ba- 

bly  lined  with  endothelium; 
and  these  spacer  communicaU- 
with  the  efferent  vesseK  bj 
the  stomata.  The  afferent 
vessels^  two  to  six  in  nnmbrr. 
penetrate  the  gland,  and  prob- 
ably empty  their  contents  iuto 
if^a^yy  n  ^^^^^^^^_  the  lymph-sjiacea.  The  lymph 

f^    W(  ^"^  flSS^  ^  ^^®"  collected    from  the 

•  ^^  -SXfff}  lymi)h*si»aces,    by   tlie  vaa 

etfcreutia,  one  to  ihree  in 
number,  which  are  always 
larger  than  the  afferent  ves- 
sels. 

The  lymphatic  glands  are 
supplied  with  blood,  some- 
lime^  by  one  but  generally  by 
several  small  arteries,  which 
penetrate  at  the  hilunu  These 
vessels  pass  directly  to  ibe 
me<iullary  portion  and  there 
break  up  into  ticvcnil  coara* 
branches  to  be  distributed  to  the  cortical  substance,  where  they  ramify  in  a 
delicate,  capillary  net- work  with  rather  wide  meshes,  in  the  closed  follicl«B 
found  in  this  portion  of  the  gland.  This  capillary  plextis  also  receives 
branches  from  small  arterial  twigs  w hich  penetrate  tlie  capsule  of  the  gland 
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at  different  points.  Returning  on  themselves  in  loops,  the  vessels  unite  to 
form  one  or  more  large  veins,  which  generally  emerge  at  tlie  hilum. 

Very  little  is  known  regarding  the  distribution  of  nerves  in  the  lymphatic 
glands.  A  few  filaments  from  the  sympathetic  system  enter  with  the  arteries, 
but  they  have  never  been  traced  to  their  final  distribution.  The  entrance  of 
filaments  from  the  cerebro-spinal  system  has  never  been  demonstrated. 

It  is  evident,  from  the  structure  of  the  lymphatic  glands,  that  they  must 
materially  retard  the  passage  of  the  lymph  toward  the  great  trunks ;  and  it 
is  well  known  in  pathology  that  morbid  matters  taken  up  by  the  absorbents 
are  frequently  arrested  and  retained  in  the  nearest  glands. 

The  uses  of  the  lymphatic  glands  are  somewhat  obscure.  They  are  sup- 
posed, however,  to  have  an  important  office  in  the  elaboration  of  the  corpus- 
cular elements  of  the  lymph  and  chyle ;  and  it  has  been  observed  that  the 
lymph  contained  in  vessels  which  have  passed  through  no  glands  is  relatively 
poor  in  corpuscles,  while  the  large  trunks  and  the  efferent  vessels  contain 
them  in  large  numbers. 

Absorption  of  Albuminoids  by  the  Lacteals, — Comparative  analyses  of  the 
lymph  and  chyle  always  show  in  the  latter  fluid  an  excess  of  albuminoid 
matters ;  and  it  is  natural  to  infer  that  the  excess  of  nitrogenized  matters  in 
the  chyle  is  due  to  absorption  of  albuminoids  from  the  intestinal  canal. 
Lane  collected  the  chyle  from  the  lacteals  of  a  donkey,  seven  and  a  half  hours 
after  a  full  meal  of  oats  and  beans,  and  compared  its  composition  with  that 
of  the  lymph.  The  analyses  were  made  by  Rees,  who  found  that  the  chyle 
contained  about  three  times  as  much  albumen  and  fibrin  as  the  lymph. 
While  by  far  the  greatest  part  of  the  products  of  digestion  of  the  albuminoids 
is  absorbed  by  the  blood-vessels,  there  can  be  no  doubt  that  a  small  portion 
is  also  taken  up  by  the  lacteals. 

Absorption  of  Glucose  and  Salts  by  the  Lacteals, — What  has  just  been 
stated  regarding  the  absorption  of  albuminoids  applies  to  saccharine  matters 
and  the  inorganic  salts.  Small  quantities  of  sugar  and  sometimes  lactic  acid 
have  been  detected  in  the  chyle  from  the  thoracic  duct  in  the  herbivora;  and 
the  presence  of  sugar  in  both  the  lymph  and  the  chyle  has  been  determined 
by  Colin.  While  the  products  of  the  digestion  of  saccharine  and  amylaceous 
matters  are  taken  up  mainly  by  the  blood-vessels,  a  small  quantity  is  also  ab- 
sorbed by  the  lacteals.  In  the  comparative  analyses  of  the  chyle  and  lymph  by 
Rees,  the  proportion  of  inorganic  salts  was  found  to  be  considerably  greater  in 
the  chyle.  The  great  excess  in  the  quantity  of  blood  coming  from  the  intes- 
tine, and  the  rapidity  of  its  circulation,  as  compared  with  the  chyle,  will  ex- 
plain the  more  rapid  penetration  by  endosmosis  of  the  soluble  products  of  di- 
gestion. 

Absorption  of  Water  by  the  Lacteals. — There  can  be  no  doubt  that  a  small 
portion  of  the  liquids  taken  as  drink  finds  its  way  into  the  circulation  by  the 
lacteals,  although  the  greatest  part  passes  directly  into  the  blood-vessels.  This 
has  been  proved  by  experiments  of  a  most  positive  character.  When  an  ani- 
mal has  taken  solid  food  only  and  is  killed  during  digestion,  the  tlioracic  duct 
contains  a  very  small  quantity  of  chyle  ;  but  when  the  animal  has  taken  liq- 
20 
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aids  with  the  food^  the  thoracic  duct  and  the  lacteals  are  rery  much  distended 
( Leuret  and  Lassaigne).  In  an  experiment  hy  Ernest  Burdach,  a  dog  was  de- 
prived of  food  and  drink  for  twenty-four  hours,  after  which  he  was  allowed  to 
drink  water,  and  in  addition,  half  a  pound(237  c.  c.)  was  injected  into  the 
stomach.  The  animal  was  killed  a  half-hour  after,  and  the  thoracic  doot 
was  found  engorged  with  watery  lymph,  which  contained  a  very  few  lymph- 
corpuacles. 


Aside  from  the  entrance  of  gases  into  the  hlood  from  the  palmonarj  sor- 
face,  physiological  absorption  is  almost  entirely  confined  to  the  mucous  laeBh 
braue  of  the  alimentary  canal.  It  is  ti-ue  that  liquids  may  find  thetr  imj  in- 
to the  circulation  through  the  skin^  the  lining  membrane  of  the  air^piMsaga, 
the  reservoirs^  ducts  and  parenchyma  of  glands,  the  serotiB  and  other  closed 
cavities,  the  areolar  tissue,  the  conjunctiva,  the  muscular  tissue^  mod,  in  iKt, 
all  parts  which  are  supplied  with  blood-vessels;  but  here  the  absorpcioa of 
foreign  matters  is  occasional  or  accidental  and  is  not  connected  with  the  gen* 
eral  process  of  nutrition*  It  is  now  well  kno^Ti  that  all  parts  of  the  body* 
except  the  epidermic  and  its  appendages,  the  epithelium,  and  some  oilier 
structures  which  are  regularly  desquamated,  are  constantly  undergoing  change^ 
and  the  effete  matters  which  result  from  their  disassimilation  are  taken  ttp 
by  what  is  called  interstitial  absorption,  and  are  carried  by  the  blood  to  the 
proper  organs,  to  be  excreted.  It  seems  probable  that  the  vessels  of  these 
parts  would  also  be  capable  of  absorbing  soluble  foreign  substances ;  and  thii 
is^  indeed,  the  fact  with  regard  to  all  parts  in  which  the  nutritive  proceBsm 
are  even  moderately  active  or  where  the  structures  covering  the  vasciiltr 
parts  are  jiermeable. 

Absorption  &y  the  SMn. — It  is  universally  admitted  tliat  absorption  can 
take  place  from  the  genend  surface,  although  at  one  time  this  was  :-■  n 

much  discussed  by  physiologists.     Tht*  proofs,  however,  of  the  eii  f 

certain  medicinal  preparations  from  the  surface  of  the  body  are  now  entirely 
conclusive;  and  the  constitutional  effects  of  medicines  administered  in  i 
way  are  frequently  as  marked  as  when  they  are  taken  into  tlie  alimentaiy  i 
The  question  which  is  of  most  iniportance  in  this  connection  relates  to  tbB 
normal  action  of  the  skin  as  an  abs^irbi ng  surface.  Looking  at  this  eabje 
from  a  purely  physiological  jKiint  of  view,  absorption  from  the  skin* 
ordinary  conditions,  must  be  very  slight,  if,  indeed,  it  take  place  at  all*  There 
are,  nevertheless,  facts  which  render  it  certain  that  water  may  be  absorbed 
by  the  skin.  In  a  series  of  experiments  by  Col  lard  de  Martigny,  in  18:21,  it 
was  sho^vn  that  water  could  be  absorbed  in  small  quantity  by  the  skin  of  the 
palm  of  the  hand.  In  one  experiment,  a  small  bell-glass  filled  with  water  was 
applied  hermetically  to  the  palm*  This  was  connected  with  a  tube  bent  in 
the  form  of  a  siphon,  also  filled  with  water,  the  long  branch  of  which  wai 
placed  in  a  vessel  of  mercury.  After  the  apparatus  had  been  a]>plied  for  an 
hour  and  three-quarters,  the  mercury  was  found  sensibly  elevated  in  the  tube, 
showing  that  a  certain  quantity  of  the  water  had  disappeared.  In  a  series  of 
obflervations  upon  the  absf>rption  of  water  and  soluble  substances,  by  Wille- 
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min  (1863)9  it  was  shown  that  water  is  absorbed  in  a  bath,  and  that  varioas 
medicinal  substances  may  be  taken  up  by  the  skin  in  this  way  and  can  be 
detected  afterward  in  the  urine. 

It  has  been  frequently  remarked  that  the  sensation  of  thirst  is  always  least 
pressing  in  a  moist  atmosphere,  and  that  it  may  be  allayed  to  a  certain  extent 
by  baths.  It  is  true  that  in  a  moist  atmosphere  the  cutaneous  exhalations 
are  diminished,  and  this  might  account  for  the  maintenance  of  the  normal  pro- 
portion of  fluids  in  the  body  with  a  less  amount  of  drink  than  ordinary ;  but 
one  could  hardly  account  for  an  actual  alleviation  of  thirst  by  immersion  of 
the  body  in  water,  unless  it  were  assumed  that  a  certain  quantity  of  water 
had  been  absorbed.  A  striking  example  of  relief  of  thirst  in  this  way  is  given 
by  Captain  Kennedy,  in  the  narrative  of  his  sufferings  after  shipwreck,  when 
he  and  his  men  were  exposed  for  a  long  time  without  water,  in  an  open  boat. 
With  regard  to  his  sufferings  from  thirst,  he  says :  "  I  can  not  conclude  without 
making  mention  of  the  great  advantage  I  derived  from  soaking  my  clothes 
twice  a  day  in  salt-water,  and  putting  them  on  without  wringing.  .  .  .  There 
is  one  very  remarkable  circumstance,  and  worthy  of  notice,  which  was,  that 
we  daily  made  the  same  quantity  of  urine  as  if  we  had  drunk  moderately  of 
any  liquid,  which  must  be  owing  to  a  body  of  water  absorbed  through  the 
pores  of  the  skin.  ...  So  very  great  advantage  did  we  derive  from  this 
practice,  that  the  violent  drought  went  off,  the  parched  tongue  was  cured  in 
a  few  minutes  after  bathing  and  washing  our  clothes ;  at  the  same  time  we 
found  ourselves  as  much  refreshed  as  if  we  had  received  some  actual  nour- 
ishment.'' 

Absorption  by  the  Respiratory  Surface. — Animal  and  vegetable  emana- 
tions may  be  taken  into  the  blood  by  the  lungs  and  produce  certain  well 
marked  pathological  conditions.  Many  contagious  diseases  are  propagated 
in  this  way,  as  well  as  some  fevers  and  other  general  diseases  which  are  not 
contagious.  With  regard  to  certain  poisonous  gases  and  volatile  matters, 
the  effects  of  their  absorption  by  the  lungs  are  even  more  striking.  Carbon 
monoxide  and  arsenious  hydride  produce  death  almost  instantly,  even 
when  inhaled  in  small  quantity.  The  vapor  of  pure  hydrocyanic  acid  acts 
frequently  with  great  promptness  through  the  lungs.  Turpentine,  iodine 
and  many  medicinal  substances  may  be  introduced  with  great  rapidity  by  in- 
halation of  their  vapors  ;  and  the  serious  effects  produced  by  the  emanations 
from  lead  or  mercury,  in  persons  who  work  in  these  articles,  are  well  known. 
Not  only  have  vapors  introduced  in  this  way  been  recognized  in  the  blood, 
but  many  of  the  matters  thus  absorbed  are  excreted  by  the  kidneys  and  may 
be  detected  by  their  characteristic  reactions  in  the  urine. 

As  would  naturally  be  expected,  water  and  substances  in  solution,  when 
injected  into  the  respiratory  passages,  are  rapidly  absorbed,  and  poisons  ad- 
ministered in  this  way  manifest  their  peculiar  effects  with  great  promptness. 
Experimenters  on  this  subject  have  shown  the  facility  with  which  liquids 
may  be  absorbed  from  the  lungs  and  the  air-passages,  but  it  must  be  remem- 
bered that  the  natural  conditions  are  never  such  as  to  admit  of  this  action. 
The  normal  office  of  the  lungs  is  to  absorb  oxygen  and  sometimes  a  little  ni- 
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trogen  from  the  air ;  and  the  absorption  of  any  thing  else  by  tbeae  eariMcm 

is  unnatural  and  geneniUj  deleterioiiK. 

Absorption  from  Closed  Cavities^  Re^ervvirn  of  Glands^  etc. — Faeis  in 
pathology,  showing  absorption  from  closed  -  cavities,  the  areolar  tissue,  the 
muscular  and  nervous  tissues,  the  conjunctiva  and  other  parta>  are  sufficient- 
ly well  known.  In  cases  of  effusion  of  serum  into  the  pleural,  [>eritoneal,  per- 
icardial or  synovial  cavities,  in  which  recovery  takes  place,  the  liquid  becomes 
absorbed.  It  has  been  shown  by  experiment  that  warm  water  injected  into 
these  cavities  is  disposed  of  in  the  same  way.  Eifusions  into  the  areolar  tis- 
ene  are  generally  removed  by  ab^rptiun.  In  cases  of  penetration  of  air  into 
the  pleura  or  the  general  areolar  tissue,  absorption  likewise  takes  place ;  show- 
ing that  gases  may  be  taken  up  in  this  way  as  well  as  liquids.  Effusions  of 
blood  beneath  the  skin  or  the  conjunctiva  or  in  the  muscular  or  nervous  tis- 
sue may  become  entirely  or  in  part  absorbed.  It  is  true  that  these  are  path- 
ological conditions,  but  in  the  closed  cavities,  the  processes  of  ei^halation  and 
absorption  are  constantly  going  on,  although  not  very  actively.  As  regards 
absorption  from  the  areolar  tissue,  tlie  administmtion  of  remedies  by  the  hy- 
podermatic method  is  a  familiar  evidence  of  the  fitcility  with  which  soluble 
flttbstances  are  taken  into  the  blood,  when  introduced  beneath  the  skin. 

Under  some  conditions,  absorption  takes  place  from  the  resenroirs  of  the 
various  glands,  the  watery  portions  of  the  secretions  being  generally  taken 
up,  leaving  the  solid  and  the  organic  matters.  It  is  supposed  that  the  bik* 
becomes  somewhat  inspissated  when  it  has  remained  for  a  time  in  the  gall- 
bladder, even  when  the  natural  flow  of  the  secretion  is  not  interrupted.  Cer- 
tainly, when  the  duct  is  in  any  way  obstructed,  absorption  of  a  portion  of  the 
bile  takes  place,  as  is  shown  by  eolomtion  of  the  conjunctiva  and  even  of  the 
general  surface.  The  serum  of  the  blood,  under  these  conditions,  Li  a]wa}'B 
strongly  colored  with  bile.  It  is  probable,  also,  that  some  of  the  watery  por- 
tions of  the  urine  are  reabsorbed  by  the  mucous  membrane  of  the  nriiuiry 
bladder  when  the  urine  has  been  long  confined  in  its  cavity,  although  thi« 
reabsorption  is  ordinarily  very  slight.  Absorption  may  take  place  from  the 
ducts  and  the  jiarenchyma  of  glands,  although  this  occurs  chiefly*  when  for- 
eign substances  have  been  injected  into  these  part& 

ABSORPTiojf  OP  Fats  akd  Insoluble  Substances. 

The  general  proposition  that  all  substances  capable  of  being  absorbed  are 
soluble  in  water  or  in  the  digestive  fluids  must  be  modified  in  the  case  of  the  fata. 
These  are  never  dissolved  in  any  considerable  quantity  in  digestion,  the  only 
change  which  they  undergo  being  a  minute  subdivision  in  the  form  of  a  very 
fine  emulsion.  In  this  condition  the  fats  are  taken  up  by  the  lacteals  and 
may  be  absorbed  in  small  quantity  by  the  blood-vessels. 

In  studving  the  mechanism  of  the  penetration  of  fatty  panieicij  into  ihe 
intestinal  villi,  it  has  been  ascertained  that  the  epithelial  cells  covering  the 
villi  play  an  important  part  in  this  process.  During  the  digestion  of  fat, 
these  cells  become  tilled  with  fatty  granules  (Goodsir).  Funke,  in  his  atlas  of 
physiologiciil  chemistry,  figures  the  appearances  of  the  intestinal  epithelium 
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fhiring  the  digestion  of  fat,  as  contrasted  with  the  epithelium  observed  dur- 
ing the  intervalfi  of  digestion,  showing  the  cells,  during  absorption,  filled  with 
fatty  granules. 

It  bus  not  been  demonstrated  exactly  how  the  fatty  particles  penetrate  the 
epitheliam  of  the  nlli,  but  the  fact  of  such  penetration  is  undoubted.  From 
the  epithelium,  the  particles  of  emulsion 
pass  into  the  subst^ince  of  the  villi — 
probably  into  the  lymph-spaces  and  ca- 
tiala — ^and  from  these  they  readily  find 
their  way  into  the  lymphatic  capillaries. 
It  has  l>een  shown  that  fatty  emulsion 
will  pass  more  easily  through  porous 
»epta  that  have  been  moistened  with 
bile;  and  it  is  probably  in  this  way 
mainly  that  the  bile  aids  in  the  passage 
of  the  fine  particles  of  fat  into  the  lac- 
teals. 

As  a  general  law,  insoluble  substan- 
ces, with  the  exception  of  the  fata,  are 
never  regularly  absorbed,  no  matter  how 

■giBnely  they  may  be  divided.     The  appar- 

^  ent  exceptions  to  this  are  mercury  in  a  state  of  minute  subdivision  like 
an  emulsion,  and  carbonair-eous  particlos.  As  regards  mercury,  it  is  well 
known  that  minute  particles  in  the  form  of  unguents  may  be  introduced  into 
the  system  by  prolonged  frictions ;  but  this  can  not  be  taken  as  an  instance 
of  physiological  absorption.  The  passage  of  small,  carboniR'cous  particles 
through  the  pulmonary  membrane  seems  to  be  purely  mechanical.  The  stime 
thing  may  possibly  occur  when  tine,  sharp  particles  of  carbon  are  introduced 


Fm  ^.-^KpiihtHMm  of  the  gmali  intettlneof 
the  rai>bit  (.Fuuke). 


'  !^  from  the  duodenutn  of  a 
(r«  nft^  hatnng  been  fed 
'frriFuake). 


Fw.  m.^Vaii  filled  wttii  fat,  f mm  the  wmaU 
in  tcjitvw  of  an  extrmted  vrim  inat,  mie  hour 
after  death  (Funk^i), 


into  the  alimentary  canal;  but  the  experiments  of  Mialhe  with  pulverized 
charcoal,  and  particularly  those  of  Berard,  Robin  and  Bernard  with  lamp- 
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black  introduced  into  the  intestinal  canal  of  animals,  showed  that  altliougii 
the  intestinal  mucous  membrane  became  of  a  deep  black,  this  could  emUj  be 
remove^J  by  a  stream  of  water  and  no  carbonaceous  particles  coidd  be  dis- 
covered in  the  mesenteric  veins,  the  lac  teals  or  the  mesenteric  glands.  Viheu 
the  C4irbon  is  used  in  the  form  of  lamp-black,  the  particles  are  very  minati 
and  rounded,  and  thej  do  not  present  the  sliarp  points  and  edges  wbieb 
sometimes  enable  the  grains  of  pulverized  charcK)al  to  penetrate  the  resseb 
mechanically. 

Variations  and  Modificatioxs  of  Absorption- 

Very  little  is  kno^*^l  concerning  the  variations  in  lacteal  or  lym   ' 
sorption;  but  in  absorption  by  blotxi-vessels,  important  moditicat:  i. 

due,  on  the  one  hand,  to  different  conditions  of  tlie  fluids  to  be  absorbt^,  and 
on  the  other,  to  differences  in  the  constitution  of  the  blood  and  in  the  mn- 
ditions  of  the  vessels. 

The  different  conditions  of  the  fluids  to  be  absorbed  apparentlj  do  ii(^ 
always  have  the  same  influence  in  physiological  absorption  as  in  endosmotic 
ex]>eriments  made  out  of  the  body.  Saccharine  sohitions  of  different  densi- 
ties confined  in  distinct  |>ortiont5  of  the  intestinal  canal  of  a  living  animal  do 
not  present  any  marked  variations  in  the  rapidity  of  their  absorption,  and 
they  are  taken  up  by  the  blood,  even  when  their  density  is  greater  than 
that  of  the  blood-plasma*  Solutions  of  potassium  nitrate  and  of  sodium  sul- 
phate, of  greater  density  than  the  serum,  whicii  would,  therefore,  attract  tb* 
endosmotic  current  in  an  endosmometer,  are  readily  taken  up  by  the  bloofj- 
ve^els  in  a  living  animal.  Indeed,  nearly  all  soluble  substances,  whatcrer 
be  the  density  of  their  solutions,  may  be  taken  up  by  thtj  various  absorbiti^ 
surfaces  during  life.  The  curare  poison  and  most  of  the  venoms  are  remark- 
able exceptions  to  this  rule*  In  a  series  of  experiments  upon  the  absorption 
of  curare,  Bernard  has  siiowu  that  this  poison,  which  is  absorbed  so  readily 
from  wounds  or  when  injected  under  the  skin,  generall}'  produces  no  effect 
w*hen  introducetl  into  the  stomach,  the  small  intestine  or  the  urinary  bladder. 
This  result,  however,  is  not  invariable,  for  poisonous  effects  are  produced 
when  curare  is  introduced  into  the  stomach  of  a  fasting  animal.  Thispecul* 
iarity  in  the  absorption  of  many  of  the  animal  poisons  has  long  been  ob- 
served; and  it  is  well  known  that  the  flesh  of  animals  poisoned  witli  curare 
may  be  e^tcn  w^itli  impunity.  It  is  curious,  however,  to  see  an  animal  carry* 
ing  in  the  stomach  without  danger  a  fluid  which  would  produce  death  if  in- 
troduced under  the  skin  ;  and  the  explanation  of  this  is  not  readily  apparL*nt- 
The  poison  is  not  neutralized  by  the  digestive  fluids,  for  curare  digest4?d  for 
a  lf>ng  time  in  gastric  juice,  or  taken  from  tlie  stomach  of  a  dog,  is  found  to 
jwsscss  all  its  toxic  properties*  This  may  be  shown  by  poisoning  a  pigeon 
with  curare  drawn  by  a  fistula  from  the  stomach  of  a  living  dog  (Hernani). 
If  the  absorption  of  this  p^jison  be  recognized  simply  by  its  effe<^^ts  uptm  th® 
system,  it  must  be  assumed  that  during  digestion,  it  can  not  be  al^orbed  by 
the  mucous  membrane  of  the  stomach  and  small  intestine,  notwithstanding 
its  solubility. 
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It  has  been  shown  that  liquids  which  immediately  disorganize  the  tissues, 
such  as  concentrated  nitric  or  sulphuric  acid,  can  not  be  absorbed.  Another 
important  peculiarity  in  absorption  is  that  solutions  which  readily  coagulate 
the  albumen  of  the  circulating  fluids  are  absorbed  very  slowly  (Miahle). 
This  is  explained  by  the  supposition  that  there  is  a  coagulation  of  the  albu- 
minous fluids  with  which  the  absorbing  membrane  is  permeated,  which  in- 
terferes with  the  passage  of  liquids.  These  substancs  are  nevertheless  taken 
up  by  the  blood-vessels,  though  rather  slowly. 

Influence  of  the  Condition  of  the  Blood  and  of  the  Vessels  on  Absorption, 
— After  loss  of  blood  or  deterioration  of  the  nutritive  fluid  from  prolonged 
abstinence,  absorption  generally  takes  place  with  great  activity.  This  is  well 
known,  both  as  regards  the  entrance  of  water  and  alimentary  substances  and 
the  absorption  of  medicines.  It  was  at  one  time  quite  a  common  practice  to 
bleed  before  administering  certain  remedies,  in  order  to  produce  their  more 
speedy  action  upon  the  system. 

The  rapidity  of  the  circulation  has  an  important  influence  in  facilitating 
absorption,  and  this  process  is  generally  active  in  proportion  to  the  vascu- 
larity of  different  parts.  During  intestinal  absorption,  the  increase  in  the 
activity  of  the  circulation  in  the  mucous  membrane  is  very  marked  and  un- 
doubtedly has  an  influence  upon  the  rapidity  with  which  the  products  of  di- 
g38tion  are  taken  up  by  the  blood. 

Influence  of  the  Nervous  System  on  Absorption, — It  is  certain  that  ab- 
sorption, especially  in  the  stomach,  is  subject  to  certain  variations,  wliich  can 
hardly  be  dependent  upon  anything  but  nervous  action.  Water  and  other 
liquids,  which  usually  are  readily  absorbed  from  the  stomach,  are  sometimes 
retained  for  a  time,  and  are  afterward  rejected  in  nearly  the  condition  in 
which  they  were  taken.  It  is  probable,  however,  that  the  most  important 
influences  thus  exerted  by  the  nervous  system  are  effected  tlirough  the  circu- 
lation. The  experiments  of  Bernard  and  others  upon  tlie  vaso-motor  nerves, 
by  the  action  of  which  the  supply  of  blood  in  different  parts  is  regulated, 
point  out  a  line  of  experimentation  which  would  probably  throw  much  light 
upon  some  of  the  important  variations  in  absorption.  AVhen  it  is  remem- 
bered that  the  small  arteries  may  become  so  contracted  under  the  influence 
of  the  vaso-motor  nerves  that  their  caliber  is  almost  obliterated,  of  course  re- 
tarding in  a  corresponding  degree  the  capillary  and  venous  circulation  in  the 
parts,  and  again,  that  the  same  vessels  may  be  so  dilated  as  to  admit  to  a  par- 
ticular part  many  times  more  blood  than  it  ordinarily  receives,  it  becomes 
apparent  that  absorption  may  be  profoundly  affected  through  this  system  of 
nerves.  It  has  been  ascertained  that  while  a  section  of  some  of  the  nerves 
distributed  to  the  alimentary  canal  will  slightly  retard  the  absorption  of  the 
poisonous  substances,  the  process  is  never  entirely  arrested. 

Imbibitiox  and  Exdosmosis. 

If  liquids  pass  through  the  substance  of  an  animal  membrane,  it  is  evident 
that  the  membrane  itself  must  be  capable  of  taking  up  a  certain  portion  by 
imbibition ;  and  this  must  be  considered  as  the  starting-point  in  absorption. 
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Imbibition  is,  indeed^  a  property  eomraon  to  all  animal  tissues.     It  is  a  well 
known  fact,  however,  that  the  tissues  do  not  imbiV)e  all  solutions  with  \h 
same  decree  of  activity.     Distilled  water  is  the  liquid  which  is  alwap  tAken 
up  in  greatest  quantity,  and  saline  eolations  enter  the  substance  of  the  tmnti 
in  an  inverse  ratio  to  their  density.     This  is  also  the  fact  with  regard  u 
mixlares  of  alcohol  and  water,  imbibition  always  being  in  an  inverse  proper* 
tion  to  the  quantity  of  alcohol  present  in  the  liquid.     Among  the  other  cm- 
ditions  which  have  a  marked  inlluence  upon  imbibition,  is  temperature*    It 
18  a  familiar  fact  that  dried  animal  membranes  may  be  more  mpidly  softened 
in  warm  than  in  cold  water;  and  with  regard  to  the  imbibition  of  liquids  1 
sand,  the  researches  of  Matteucei  and  Cima  have  shoii^n  a  considerable 
crease  at  a  moderately  elevated  temperature.     While  nearly  all  the  structure 
of  the  body,  after  desiccation,  will  imbibe  liquids,  the  membranes  throajh 
which  the  processes  of  absorption  are  most  active  are,  as  a  rule,  most  easily 
permeated;  and  the  character  of  the  liquid,  the  temperature  etc.,  have  a 
great  influence  upon  the  activity  of  this  process.     For  example,  all  liqaiib 
wlxich  have  a  tendency  to  hai-den  tlie  tissues,  such  as  saline  solutions,  ale 
etc*,  pafts  through  with  much  less  rapidity  than  pure  water. 

Mei'haffi\sm  of  the  Pmsage  of  Liquids  through  Mmnbrane^. — The 
of  liquids  through  membmnes  is  calleil  osmosis.  In  the  case  of  two  liq 
passing  in  opposite  directions,  the  stronger  current  is  called  endosmotic  and 
the  weaker  current  is  called  exosmotic.  In  the  passage  of  liquids  into  the 
vessels,  in  physiological  absorption,  the  process  is  generally  called  endosmosii. 
The  attention  of  physiologists  was  first  directed  to  these  phenomena  by  1 
researches  of  Dutrochet,  published  in  1820. 

It  is  now  definitely  ascertained  that  the  following  conditions  are  ne 
for  the  operation  of  endosmosis  and  exosmosis ; 

1.  That  both  liquids  be  capable  of  "wetting*'  the  interposed  membrai 
or  in  other  words,  that  the  membrane  be  capable  of  imbibing  both  liqui 
If  but  one  of  the  liquids  can  wet  the  membrane,  the  current  takes  place 
only  one  direction. 

2.  That  the  liquids  be  miscible  with  each  other  and  be  differently  consti- 
tuted.    Although  it  is  found  that  the  currents  are  most  active  when 
liquids  are  of  d liferent  densities,  this  condition  is  not  indispensable;  for< 
rents  will  take  place  between  solutions  of  different  substances,  such  as 
sugar  or  albumen,  when  they  have  precisely  the  same  density. 

The  pliy biological  applications  of  the  laws  of  endosmosis  can  now  be  more 
fully  appreciated,  as  it  is  evident  that  the  above  conditions  are  fulfilled  when- 
ever absorj>tion  takes  place,  with  the  single  exception  of  tlie  absorption  of 
fets,  which  has  been  specially  considered.  For  example,  all  substances  are 
dissolved  or  liquefied  before  they  are  absorbed,  and  in  this  condition,  the? 
are  capable  of  *'^  wetting  '*  the  walls  of  the  blood-vessels.  All  the  liquids  i 
sorbed  are  capable,  also,  of  mixing  with  the  plasma  of  the  blood.  W 
makes  this  application  still  more  complete,  is  the  liehavior  of  albamen  in 
endosmotic  experiments.  In  physiological  absorption,  there  is  always  a  . 
predominance  of  the  endosmotic  current,  ajid  thei'e  b  very  little  transudatic 


IMBIBITION  AND  ENDOSMOSIS. 


S93 


or  eicosmosia,  of  the  albuminoid  constituents  of  the  blood.  On  the  other 
hand,  there  is  a  constant  absor|ition  of  peptones,  which  are  destined  to  be 
ron verted  into  tlie  albuminoid  constituents  of  the  blofxl. 

Recognizing  the  fact  that  albumen  is  capable  of  inducing  a  more  power- 
ful endosmotic  current  than  almost  any  other  liquid,  it  has  been  shown  that 
it  never  itself  passers  through  membranes  in  the  exosmotic  current,  but  that 
albuminoids,  after  transformation  by  digestion  into  peptones,  or  albumen 
mixed  with  gastric  juice,  pass  through  animal  membranes  with  great  fficility. 
The  experiments  by  which  these  facts  are  demonstrated  are  of  the  highest 
physiological  importance.  On  removing  part  of  the  shell  of  an  egg^  so  as  to 
expose  its  membranes,  and  immersing  it  in  pure  water,  the  passfige  of  water 
into  the  egg  is  rendered  evitieut  by  the  projection  of  the  distended  mem- 
branes; but  although  the  surrounding  liquid  becomes  alkaline  and  the  appro- 
priate tests  reveal  the  presence  of  some  of  the  inorganic  constituents  of  the 
egg,  the  presence  of  albumen  can  not  be  detected.  When  the  contents  of  the 
egg  are  replaced  by  the  scrum  of  the  blo^jd,  the  same  rcsylt  follows,  **  After 
six  or  eight  hours  of  immersion,  the  serum  had  yielded  to  the  wat*^r  in  the  ves- 
sel all  its  saline  elements,  chlorides,  snlphate.s,  phosphates^  which  were  easily 
recognized  by  their  peculiar  reactions,  hut  not  a  trace  of  albumen  "  (Outrochet). 

A  very  simple  apparatus  for  illustrating  eudosmotic  action  can  be  con- 
structed in  the  following  way:  Remove  carefully  a  circular  portion,  about 
an  inch  (25*4  mm.)  in  diameter,  of  the  shell  from  one 
end  of  an  egg^  which  may  be  done  without  injuring  the 
membranes,  by  cracking  the  shell  into  small  pieces,  which 
are  picked  off  with  forceps.  A  small,  glas^s  tube  is  then 
introduced  througli  an  opening  in  the  sliell  ami  mem- 
branes of  the  other  end  of  the  egg,  and  is  secured  in  a 
vertical  position  by  wax  or  i>la8ter  of  Paris,  the  tube  pene- 
trating th?  yelk.  The  vgg  is  then  platted  in  a  wine-glass 
partly  filled  with  water  In  the  course  of  a  few  minutes 
the  water  will  have  penetrated  the  exposed  membrane, 
and  the  yelk  will  rise  in  the  tuh^. 

The  force  with  which  liquids  jiass  through  mem- 
branes, called  cndomostic  or  osmotic  force,  is  to  a  great 
degree  dependent  upon  the  influence  of  the  membranes 
themselves.  This  influence  is  always  purely  physical,  in 
experiments  made  out  of  the  body  ;  and  physiological  ah- 
sorption  can  be  explained,  to  a  certain  extent,  by  the  same 
laws.  It  must  be  remembered,  however,  thai  the  proper- 
ties of  organic  gtructnres,  which  are  manifested  only  in 
living  bodies,  are  capable  of  motlifying  these  physical  i>he- 
nomena  in  a  remarkable  degree.  For  exumpk\  all  living 
tissues  are  capable  of  selecting  and  appropriating  from 
the  nutritive  fluids  the  materials  necessary  for  their  regeneration  ;  and  the 
secreting  structures  of  glands  also  select  from  the  blood  certain  constitutents 
which  are  used  in  the  formation  of  their  secretions.     These  phenomena  and 
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tKeir  modifications  through  the  nerTOUS  system  can  not  be  fallj  crptabed 
This  is  true,  also,  of  many  of  the  phenomena  of  absorption  in   "  imxii- 

fications,  which  are  probably  dejx^ndent  upon  the  same  kind  i>i 

It  is  not  necessary  to  assume  the  existence  of  infinitely  smiiU  opening 
in  homogeneous  membranes  through  which  osmotic  curii?nt«  can  be  mud*;  ti> 
take  place,  in  order  to  explain  the  mechanism  of  these  currents.  In  thecas* 
of  two  liquids  capable  of  diffusing  with  each  other  and  separated  by  an  am- 
Dial  membrane^  the  mechanism  of  the  endosmotic  and  exosrootic  cnrreDls  n 
very  simple.  In  the  first  place,  the  mcmbnine  imbibes  both  the  liqnidB^bot 
one  is  always  taken  up  in  greater  quantity  than  the  other.  If  water  and  i 
solution  of  common  suit  be  employed,  the  surface  of  the  membrane  expcati 
to  the  water  will  imbibe  more  than  the  surface  exposed  to  the  saline  solution; 
but  both  liquids  will  meet  in  its  substance.  The  first  step,  therefore,  in  the 
production  of  the  currents  is  imbibition.  Once  in  contact  with  each  other, 
the  liquids  diffuse,  the  water  passing  to  the  saline  solution,  and  viefi  vtrd. 
This  takes  place  by  precisely  the  same  mechanism  as  that  of  the  passage  nf 
liquids  through  porous  f^epfa. 

In  no  experiments  performed  out  of  the  body,  can  the  conditiona  faror- 
able  to  the  passage  of  liquids  through  membraTies  in  accordance  with  purely 
physical  laws  be  realized  as  they  exist  in  the  living  organism.  The  great  ex- 
tent of  the  absorbing  surfaces ;  tlie  delicacy  and  permeability  of  the  mem^ 
bniues ;  the  rapidity  with  which  substances  are  carricnl  on  by  the  torrent  of 
the  circulation,  as  soon  m  they  pass  through  these  membranes  ;  the  uniform- 
ity of  the  pressure,  notwithstanding  the  penetration  of  liquids ;  all  these 
favor  the  physical  phenomena  of  abs<jrption  in  a  way  which  can  not  be  imi- 
tated in  artificially  constructed  apparatus.  Within  the  blood-vessels,  tlie 
albuminoid  matters  exist  in  a  form  which  does  not  jiennit  them  to  pass 
through  membranes,  while  the  peptones  are  highly  osmotic.  The  sugars, 
also,  pass  through  the  walls  of  the  vessels  with  facility,  as  well  as  Tarioofi 
8alt«  and  medicinal  substances  in  solution.  The  fats,  as  has  been  stated,  pass 
mainly  into  the  laetcals,  by  a  proc*ess  which  has  already  been  described  and 
which  can  not  be  fully  explained  by  the  laws  of  endosmosis. 

Lymph  akd  Chyle. 

To  complete  the  history  of  physiological  absorption,  it  will  be  necessary 
to  treat  of  the  origin,  composition  and  properties  of  the  lymph  and  chyle 
It  is  only  within  a  few  years  that  physiologists  have  been  able  to  appreciate 
the  importance  of  the  lymph,  for  the  exiierimenti?  indicating  the  great  quan- 
tity of  this  liquid  which  is  continually  pas^^ing  into  the  bloexl  are  of  com- 
paratively recent  date. 

The  first  successful  experiments  in  w^hich  the  Ipnph  and  chyle  were 
obtained  in  quantity  were  made  by  Colin.  This  observer,  in  operating  D|>on 
large  animals,  particularly  the  ruminants,  exi^rienced  no  great  difficulty  in 
isolating  the  thoracic  duet  near  its  junction  with  the  8ul»cla\ian  vein  and 
introducing  a  metallic  tube  of  sufficient  size  to  allow  the  free  discharge  of 
fluid.     These  experiments,  made  upon  horses  and  the  larger  niminants,  were 
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the  first  to  give  any  clear  idea  of  the  quantity  of  liquids — ^lymph  and  chyle — 
which  pass  through  the  thoracic  duct.  In  an  observation  upon  a  cow  of 
medium  size,  he  succeeded  in  collecting,  in  the  course  of  twelve  hours,  105-3 
lbs.  (47,963  grammes) ;  and  he  stated  that  a  very  much  greater  quantity  can 
be  obtained  by  operating  upon  ruminants  of  larger  size. 

According  to  the  estimates  of  Dalton,  deduced  from  his  own  observations 
upon  dogs  and  the  experiments  of  Colin  upon  horses,  the  total  quantity  of 
lymph  and  chyle  produced  in  the  twenty-four  hours  in  a  man  weighing  one 
hundred  and  forty-three  pounds  (65  kilos.)  is  about  6*6  pounds  (3,000 
grammes).  And  again,  reasoning  from  experiments  made  upon  dogs  thir- 
teen hours  after  feeding,  when  the  fluid  which  passes  up  the  thoracic  duct 
may  be  assumed  to  be  pure,  unmixed  lymph,  the  total  quantity  of  lymph 
alone,  produced  in  the  twenty-four  hours  by  a  man  of  ordinary  weight, 
would  be  about  4*4  pounds  (2,000  grammes).  These  estimates  can  be  accepted 
only  as  approximate,  and  they  do  not  indicate  the  entire  quantity  of  lymph 
actually  contained  in  the  organism. 

There  are  no  very  satisfactory  recent  researches  with  regard  to  the  physi- 
ological variations  in  the  quantity  of  lymph.  Collard  de  Martigny  found 
the  lymphatics  always  distended  with  fluid  in  dogs  killed  after  two  days  of 
total  deprivation  of  food.  This  condition  continued  during  the  flrst  week 
of  starvation ;  but  after  that  time,  the  quantity  in  the  vessels  gradually 
diminished,  and  a  few  hours  before  death,  the  lymphatics  and  the  thoracic 
duct  were  nearly  empty.  In  comparing  the  quantity  of  fluid  in  the  lymphat- 
ics of  the  neck,  during  digestion  and  absorption,  with  the  quantity  which  they 
contained  soon  after  digestion  was  completed,  the  same  observer  found  that 
while  digestion  and  absorption  were  going  on  actively,  the  vessels  of  the 
neck  contained  scarcely  any  fluid  ;  but  tlie  quantity  gradually  increased  after 
these  processes  were  completed. 

Properties  and  Composition  of  Lymph. — Lymph  taken  from  the  vessels 
in  various  parts  of  the  system,  or  the  fluid  which  is  discharged  from  the 
thoracic  duct  during  the  intervals  of  digestion,  is  either  perfectly  transpar- 
ent and  colorless  or  of  a  slightly  yellowish  or  greenish  hue.  AVhen  allowed 
to  stand  for  a  short  time,  it  becomes  faintly  tinged  with  red,  and  frequently 
it  has  a  pale  rose-color  when  first  discharged.  Microscopical  examination 
shows  that  this  reddish  color  is  dependent  upon  the  presence  of  a  few  red 
blood-corpuscles,  which  are  entangled  in  the  clot  as  the  lymph  coagulates, 
thus  accounting  for  the  deepening  of  the  color  when  the  fluid  has  been 
allowed  to  stand. 

Lymph  has  no  decided  or  chanicteristic  odor.  It  is  very  slightly  saline 
in  taste,  being  almost  insipid.  Its  specific  gravity  is  much  lower  than  that 
of  the  blood.  Magendie  found  the  specific  gravity  in  the  dog  to  be  about 
1022.  According  to  Robin,  the  specific  gravity  of  the  defibrinated  serum  of 
lymph  is  1009.  In  analyses  by  Diihnhardt,  of  the  lymph  taken  from  dilated 
vessels  in  the  leg,  in  the  human  subject,  the  specific  gravity  was  1007. 

A  few  minutes  after  discharge  from  the  vessels,  both  the  lymph  and 
chyle  undergo  coagulation.     This  process,  as  regards  the  chemical  changes 
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involved.  Is  identical  with  the  coagulation  of  the  bloody  in  which  the  leuwK 
eytee  play  an  imjicirtant  part.  According  to  Colin,  the  fluid  colltr!».j 
from  the  thoracic  duct  in  the  large  nimiuanta  coagulates  at  the  end  of 
five^  ten  or  twelve  minutes,  and  sets  into  a  mass  having  exactly  the  form 
of  the  vessel  in  which  it  is  contained.  The  clot  is  tolerably  consistent,  but 
there  is  never  any  spontaneous  separation  of  serum  (Colin).  This  maj  bi' 
the  fact  with  regard  to  the  lymph  and  the  chyle  of  the  large  ruminants 
but  in  the  observations  of  Dalton,  who  operateii  upon  dogs  and  goats,  afters 
few  hours'  exposure,  the  clot  contracted  to  about  half  its  original  size,  jm^ 
cisely  like  coagulated  blood,  expressing  a  considerable  quantity  of  serum.  In 
one  instance,  in  the  dog,  the  volume  of  serum,  after  twenty-four  hours  of  re- 
pose, was  about  twice  that  of  the  contracted  clot. 

Although  many  analyses  have  been  made  of  lymph  from  the  human  Fub- 
ject,  the  conditions  under  which  the  fluid  has  been  obtained  render  it  proba- 
ble that  in  the  majority  of  instances  it  was  not  entirely  normal.     It  will  be 
necessary,  therefore,  to  compare  these  analyses  with  observations  made  upon 
the  lymph  of  the  inferior  animals ;  as  in  the  latter,  this  fluid  has  been  i 
lecte<l  under  conditions  which  leave  no  doubt  as  to  its  normal  character. 
the  experiments  of  Colin  especially,  the  fluids  taken  fn:im  the  thoracic  diicT 
during  the  intervals  of  digestion  undoubtedly  represented  the  normal,  miied 
lymph  collected  from  nearly  all  parts  of  the  body ;  and  the  operative  proced- 
ure in  the  large  ruminants  is  so  simple  us  to  produce  little  if  any  general  di^ 
turban ce»     The  following  is  an  amdysis  by  Lassaigne  of  specimens  of  lymph 
collected  by  Colin  from  the  thoracic  duct  of  a  cow,  under  the  most  favorable 
conditions : 

COMPOSITION    01'    LYMPH    FKOM    A    COW. 

Water 964^ 

Fibrin 0-9 

Albumen 28-0 

Fatty  matter , 0-4 

Soclium  t'bloritle 5*0 

Sodium  t'flrlionate,  &o<liiira  phosphate  and  sodium  sulphate » l^ 

Calcium  phosphate O'S 


The  proportions  given  in  the  table  are  by  no  means  invariable,  the  differ- 
ences in  coagulability  indicating  differences  in  the  proportion  of  fibrin-f 
tors,  and  the  degree  of  lactescence  showing  great  variations  in  the  quant 
of  fatty  matters.     The  table  may  be  taken,  however,  as  an  approximation  j 
the  average  composition  of  the  lymph  of  these  animals,  during  the  inter 
of  digestion. 

The  analysis  of  human  lymph  which  seems  to  be  the  most  reliable*  i 
in  which  the  lluid  was  apparently  pure  and  normal,  is  that  of  Gubler  i 
Quevenne.  The  lymph  in  this  case  was  collected  by  Desjardins  frotnl 
female  who  8uffere<l  from  a  varicose  dilatation  of  the  lymphatic  veissels  in  i 
anterior  and  superior  portion  of  the  left  thigh.  These  vessels  occa^iona 
raptured,  and  the  lymph  could  then  be  obtained  in  cgiiaidcrable  quant 
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When  an  opening  existed,  the  discharge  of  fluid  could  be  arrested  at  will  by 
flexing  the  trunk  upon  the  thigh.  Gubler  and  Quevenne  made  analyses  of 
two  different  specimens  of  the  fluid,  with  the  following  results  :• 

COMPOSITION   OF   HUMAN   LYMPH. 

Firat  analysis.       Second  analysis. 

Water 939-87  934-77 

Fibrin 056  068 

Caseous  matter  (with  earthy  phosphates  and  traces  of 
iron) 42-75  42-80 

Fatty  matter  (in  the  second  analysis,  fusible  at  102-3"* 

Fahr.,  or  39"  C) 3-82  920 

Hydro-alcoholic  extract  (containing  sugar,  and  leaving, 
after  incineration,  sodium  chloride,  with  sodium  phos- 
phate and  sodium  carbonate) 13*00  12*60 

1,000-00  1,000-00 

The  above  analyses  show  a  much  larger  proportion  of  solid  constituents 
than  was  found  by  Lassaigne  in  the  lymph  of  the  cow.  This  excess  is  pretty 
uniformly  distributed  throughout  all  the  constituents,  with  the  exception  of 
the  fatty  matters  and  fibrin ;  the  former  existing  largely  in  excess  in  the 
human  lymph,  especially  in  the  second  analysis,  while  the  latter  is  smaller 
in  quantity  than  in  the  lymph  of  the  cow.  It  is  ev-ident,  however,  from  a 
comparison  of  the  two  analyses  by  Gubler* and  Quevenne,  that  the  composi- 
tion of  the  lymph,  even  when  it  is  unmixed  with  chyle,  is  subject  to  great 
variations.  The  caseous  matter  given  by  Gubler  and  Quevenne  is  probably 
equivalent  to  the  albuminous  matter  mentioned  by  other  chemists. 

The  distinctive  characters  of  the  different  constituents  of  the  lymph  do 
not  demand  extended  consideration,  inasmuch  as  most  of  them  have  already 
been  treated  of  in  connection  with  the  blood.  In  comparing,  however,  the 
composition  of  the  lymph  with  tliat  of  the  blood,  the  great  excess  of  solid 
constituents  in  the  latter  fluid  is  at  once  apparent. 

In  nearly  all  analyses  the  organic  nitrogenized  constituents  have  been 
found  to  be  very  much  less  in  the  lymph  than  in  the  blood.  This  is  gener 
ally  most  marked  with  regard  to  the  fibrin-factors;  but  as  before  stated, 
the  proportion  of  all  these  substances  is  quite  variable.  On  account  of  this 
deficiency,  lymph  is  much  inferior  to  the  blood  in  coagulability,  and  the 
coagulum,  when  it  is  formed,  is  soft  and  friable.  There  does  not  appear, 
however,  to  be  any  actual  difference  between  the  coagulating  constituents  of 
the  lymph  and  of  the  blood. 

Fatty  matters  have  generally  been  found  to  be  more  abundant  in  the 
lymph  than  in  the  blood ;  but  their  proportion  is  even  more  variable  than 
that  of  the  albuminoid  constituents. 

Very  little  remains  to  be  said  concerning  the  ordinary  inorganic  constitu- 
ents of  the  lymph.  The  analyses  of  Dtihuhardt  have  shown  that  nearly  if 
not  all  of  the  inorganic  matters  which  have  been  demonstrated  in  the  blood 
are  contained  in  the  lymph ;  and  a  small  proportion  of  iron  is  given  in  the 
analyses  by  Gubler  and  Quevenne. 
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Tlieae  facts  indicate  a  remarkable  correspondence  in  compositioii  betottft 
the  lymph  and  the  blood.  All  of  the  constituents  of  the  blood*  except  tbe 
reil  eorpiiecles,  exist  in  the  lymph,  the  only  diiferencje  being  in  their  relatitt 
proportions. 

In  addition  to  the  constituent*?  of  the  Imph  ordinarily  given,  the  |*n -^  :j^ 
of  glucose,  and  more  lately,  the  existence  of  a  certain  proportioii  of  ure;t,  \u\t 
been  demonstrated  in  this  fluid.  It  has  not  been  ascertained  how  the  sugir 
contained  in  the  lymph  takes  its  origin. 

The  presence  of  urea  in  considerable  quantity'  in  both  the  chyle  and  ihf 
lymph  has  been  determined  by  Wurtz;  and  it  is  thought  by  Bernard  tlii 
lymph  is  the  principal  fluid,  if  not  the  only  one,  by  which  this  excreii. 
tious  substance  is  taken  up  from  the  tissues.     Although  urea  alwayi?  eii-i-  n 
the  blood,  its  quantity  is  less  than  in  the  lympli. 

According  to  Ludwig  and  Hammersten,  the  lymph  of  the  dog  containf 
about  forty  parts  per  hundred  in  volume  of  carbon  dioxide,  of  which  seTeo- 
teen  parts  may  be  extracted  by  tlie  ^r-pump  and  twenty-three  parts,  by  ad(k 

In  addition,  the  lymph  contains  a  trie* 
of  oxygen  and  one  or  two  parts  of  ni- 
trogen. 

Corpnscutar  Ehmentu  af  ih^  Lpff 
—In  every  part  of  the  I\Tnphiitie  svftlc 
in  addition  to  a  few  very  minute  fa 
granules,  there  are  found  certain 
puscular  elements  knou^n  as  lymph-cor- 
puscles. These  exist,  not  only  in  the 
clear  lymph,  but  in  tlie  opaque  finid 
contained  in  the  lacteals  during  abeor|K 
tion.  They  are  now  regardetl  as  ide 
cal  with  tlie  white  blood-corpuscles,  i 
leucocytes.  Eight  thousantl  two 
dred  leucocytes  have  been  countt-d 
0-061  cubic  inch  (1  c*  c.)  of  lymph  fr 
a  dog  (Ritter). 

The  leucocytes  found  in  the  lymph  and  chyle  are  rather  lees  imifonn  in 
size  and  general  api^earance  than  the  white  corpuscles  of  the  blood.  Their 
average  diameter  is  about  y^ts  f^^  ^t^  ^^^'h  (10  fju) ;  but  some  are  larger,  and 
others  are  as  small  as  ^^^^  of  an  Inch  (.5  fu).  Some  of  these  corpuficles  m_ 
quite  clear  and  transparent,  presenting  but  few  granulations  and  an  indistii 
nuclear  appearance  in  their  centre ;  but  others  are  granular  and  quite  opaqn 
They  present  the  same  adhesive  character  in  the  lymph  as  in  the  blood,  i 
frequently  they  are  found  collected  in  masses  in  different  parts  of  the  lym- 
phatic system.  In  all  other  regards,  these  bodies  present  the  same  chanio- 
ters  as  the  leucocytes  of  the  blood,  and  they  need  not^  therefore^  be  fuiher 
described* 

In  addition  to  the  ordinary  leucocytes  and  a  certain  number  of  fatty  gran- 
ules, a  few  small,  clear  globules  or  granules,  about  ir^  of  an  inch  (3*3  ^) 
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Fte.  88.— Clt^te  taken  from  the  lactrnla  and 
thoracic  duct  of  n  criminal  fxeeuted  dur- 
img  digeation  (FtinkeK 

Tbii  Hffiire  ihows  Ch«  leucocytes  And  exccflsiT^ 
\y  tarn  granules  <if  fAtty  emulaioii. 
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m  diameter,  called  sometimes  globulins,  are  almost  constantly  present  in  the 
lymph.  These  are  in8oluble  in  ether  and  acetic  acid  but  are  dissolved  by 
ammonia.  They  were  regarded  by  Robin  as  a  variety  of  leucocytes  and 
described  by  him  as  free  nuclei. 

Orujiu  ami  VsetK  of  the  Lymph, — There  can  hardly  be  any  doubt  concern- 
ing the  source  of  most  of  the  liquid  portions  of  the  lymph,  for  they  can  be 
derived  only  from  the  blood.  Altliou^di  the  exact  relations  l3etween  the 
smallest  IjTiiphatics  and  the  blood-ves.sels  biive  not  been  made  out  in  all  parts 
of  the  system,  there  is  manifestly  no  anatomical  reiison  why  the  water,  mixed 
with  albuniiiioid  matters  and  holding  salts  in  solution,  should  not  pass  from 
the  blood  into  the  lymphatics;  and  this  is  rendered  nearly  certain  by  the  fat^t 
that  the  lymphatics  surrotmd  many  of  the  blLKxi-vessels,  In  comparing  tho 
composition  of  the  lymph  with  that  of  the  phisnmof  the  blood,  it  is  seen  that 
the  constituents  of  these  Hiiids  are  nearly  if  not  fjinte  identical ;  tlie  only 
variations  being  in  their  relative  proportions.  This  is  another  argument  in 
favor  of  the  passage  of  most  of  the  constituents  of  the  blood  into  the  lymph. 

One  of  the  most  important  physiological  facts  in  the  chemical  history  of 
the  lymph  is  the  constant  existence  of  a  eonsidemble  proportion  of  urea. 
This  can  not  be  derived  from  tlie  blow:!,  for  its  proportion  is  greater  in  the 
lymph,  notwithstanding  the  fact  that  this  fin  id  is  lieing  coni?tantly  discharged 
into  the  blood-vessels.  The  urea  which  exists  in  the  lymph  is  derived  from 
the  tissues;  it  is  discharged  then  into  the  blood,  and  is  constantly  being 
removed  from  this  fluid  by  the  kidneys. 

The  positive  facts  upon  which  to  base  any  precise  ideas  with  regard  to  the 
general  office  of  the  lymph  are  not  very  many.  From  the  composition  of 
this  fluid,  its  mode  of  circulation,  and  the  fact  that  it  is  being  constantly  dis* 
charged  into  the  blood,  it  would  not  seem  to  have  an  important  use  in  the 
active  processes  of  nutrition.  The  experiments  of  C'ollard  de  Martigny  sus- 
tain this  view^  inasmuch  as  the  quantity  ami  the  proportion  of  solid  constitu- 
ents of  the  lymjih  were  rather  increased  than  diminished  in  animals  that  had 
been  deprived  of  food  and  drink  for  several  days;  while  it  is  well  known  that 
starvation  always  impoverishes  the  blood  from  the  first.  On  the  other  hand^ 
urea,  one  of  the  most  important  of  the  products  of  disassimilation,  is  undoubt- 
edly tiiken  up  by  the  lymph  and  conveyed  in  this  fluid  to  the  blood.  It 
remains  for  future  investigations  to  determine  whether  other  excrementitions 
matters  may  not  be  taken  up  from  the  tissues  in  the  same  way— a  question 
of  importance  in  it^  relations  to  the  mechanism  of  excretion. 

What  is  positively  known  with  regard  to  the  uses  of  the  lymph  may  be 
summed  up  in  a  very  few  words :  A  great  part  of  its  constituents  is  evidently 
derived  from  the  blood,  and  the  relations  of  these  to  nutrition  are  not  under- 
stood, The  same  may  be  siiid  of  sugar,  which  is  a  constant  constituent  of 
the  lymph.  Urea  and  |)erhaps  other  excrementitious  matters  are  taken  up 
from  the  tissues  by  the  lymph,  and  are  discharged  into  the  blood,  to  be  re- 
moved from  the  system  by  the  appropriate  organs. 

Properties  and  Cowpusithn  of  Chyle^^livLvrng  the  intervals  of  digestion, 
the  intestinal  lymphatics  and  the  thoracic  duct  carry  ordinary  lymph ;  but 
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as  soon  as  absorption  of  alimentary  matters  begins  certain  natritiTe  inatten 
are  taken  tip  in  quantity  by  these  vessels,  and  their  contents  are  known  onder 
the  name  of  (jhyle- 

In  the  human  subject  and  in  carnivorous  animals,  the  chyle,  taken  from 
the  lacteals  near  the  intestine,  where  it  is  nearly  pure,  or  from  the  thoracic 
duet,  when  it  is  mi.xed  with  lymph,  is  a  white,  opaque,  milky  fluid,  of  i 
slightly  saline  taste  and  an  odor  which  is  said  to  resemble  that  of  the  semeii 
The  odor  is  also  said  to  be  characteristic  of  the  animal  from  which  the  fluid 
is  taken ;  although  this  is  not  very  marketl,  except  on  the  addition  of  a  con- 
centrated acid,  the  process  employed  by  Barreul  to  develop  the  characttri-t! 
odor  in  the  fluids  from  different  animals,  Bouisson  has  found  that  iht 
pe<^;uliar  odor  of  the  dog  was  thus  developed  in  fresh  chyle  taken  from  tfar 
thonicic  duct. 

The  reaction  of  the  chyle  is  either  alkaline  or  neutral.  Dalton  noted  in 
alkaline  reaction  in  the  chyle  of  the  goat  and  of  the  dog;  and  a  specimen  (A 
chyle  taken  from  a  criminal  immediately  after  execution,  examined  by  Bao^ 
was  neutral.  Leuret  and  Lassaigne  obtained  the  fluid  from  the  rceeptaculmn 
chyli  in  a  man  that  had  died  of  cerebral  inflammation,  and  found  its  reaction 
to  be  alkaline. 

The  specific  gravity  of  the  chyle  is  always  less  than  that  of  the  blood ;  but 
it  is  very  variable  and  depends  upon  the  quality  of  the  food  and  particularly 
upon  the  quantity  of  liquids  ingested*  Lassaigne  found  the  specific  gravitv 
of  a  specimen  of  pure  chyle  taken  from  the  mesenteric  lact^a  of  a  bull  to 
be  1013,  and  the  specific  gravity  of  the  specimen  of  human  chyle  examined 
by  Rees  was  1024. 

The  differences  in  the  appearance  of  the  chyle  in  different  animals  deji 
chiefly  upon  the  food.  Colin  found  the  chyle  milky  in  the  camivora, 
cially  after  fats  had  been  taken  in  quantity ;  while  in  dogs  that  were  non 
ished  with  articles  containing  but  little  fat,  its  appearance  was  hardly  lac- 
tescent. Ticdemann  and  Gmelin  found  the  chyle  almost  tranj^parent  in 
herbivora  fed  with  hay  or  straw.  They  also  observed  that  the  chyle  was 
nearly  transparent  in  dogs  fed  with  liquid  albumen,  fibrin,  gelatine,  starch 
and  gluten ;  while  it  was  white  in  the  same  animals  fed  with  milk,  metft, 
bones  etc. 

It  is  impossible  to  give  an  accurate  estimate  of  the  entire  quantity  ( 
pure  chyle  taken  up  by  the  lacteal  vessels.     When  it  finds  its  way  into 
thoracic  duet,  it  is  mingled  imme<liatcly  with  all  the  lymph  from  the  loi 
extremities;  and  the  large  quantities  of  fluid  which  have  been  collected 
this  vessel  by  Colin  and  others  give  no  idea  of  the  quantity  of  chyle  absor 
from  the  intestinal  canal.     No  attempt  will  be  made,  therefore-,  to  give  ef 
an  approximate  estimate  of  the  absolute  quantity  of  chyle ;  but  it  is  evideni 
that  this  is  variable,  depending  upon  the  nature  of  the  food  and  the  quant 
of  liquids  ingested. 

Like  the  lymph,  the  chyle,  wiien  removed  from  the  vessels;,  und 
coagulation.     Different  specimens  of  the  fluid  vary  very  much  as  regards  1 
rapidity  with  which  coagulation  takes  place.     The  chyle  from  the  thoracic 
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duct  generaUy  coagulates  in  a  few  mintitea.  The  first  portion  of  the  fluid 
collected  from  the  hnmao  subject  by  Rees — the  chvle  was  collected  in  this 
case  in  two  portions — coagnlat-ed  in  an  hour*  Received  into  an  ordinary 
glass  vessel,  the  chyle  generally  separate!^  more  or  less  completely  after  coagu- 
lation, into  clot  and  serum.  The  serum  is  quite  variable  in  quantity  and  is 
never  clear.  Its  milkiness  does  not  depend  entirely  upon  the  presence  of 
particles  of  emnlstfied  fat,  and  it  is  not  rendered  transparent  by  ether.  It 
contains,  also,  a  number  of  leococHes  and  organic  grannies. 

Observations  have  been  made  with  refei^nce  to  the  influence  of  different 
kinds  of  food  upon  the  chyle ;  but  these  have  not  been  followed  by  any  defi* 
nite  results  that  cuu  be  applied  to  the  human  subject.  It  is  nsual  to  find  the 
chyle  fluid  in  the  lacteals  and  in  the  tlioraeic  duct  for  many  hours  after 
death ;  but  it  soon  coagulates  after  exposure  to  the  air*  Although  the  entire 
lacteal  system  is  sometimes  found,  in  the  human  subject  and  in  the  inferior 
animata^  filled  with  perfectly  opaque^  coagulated  chyle,  the  fliud  does  not 
often  coagulate  in  the  vessels. 

Vompmition  of  the  Chyle* — Analyses  of  the  milky  flui<l  tiiken  from  the 
thoracic  duct  during  full  digestion  hy  no  means  represent  the  composition  of 
pure  chyle  J  and  it  is  only  by  collecting  the  fluid  from  the  mesenteric  laeteals, 
that  it  can  be  obtained  without  a  very  large  admixture  of  lymph.  In  the 
human  subject,  it  is  rare  even  to  have  an  opportunity  of  taking  the  fluid 
from  the  thoracic  duct  in  cases  of  sudden  death  during  digestion ;  and  in 
most  of  the  inferior  animals  which  have  been  operated  upon,  it  is  difficult  to 
obtain  fluid  from  the  small  laeteals  in  quantity  sufficient  for  accurate  anidy- 
fXK  In  operating  upon  the  ox,  however,  Colin  hiifi  succeeded  in  collecting 
pure  chyle  in  considerable  quantity. 

In  the  analysis  by  Rees,  the  fluid  w^is  taken  from  the  thoracic  duct  of  a 
vigorous  mau,  a  little  more  than  an  hour  after  his  execution  by  hanging. 
The  subject  was  apparently  in  perfect  health  to  the  moment  of  his  death. 
The  evening  before,  he  ate  two  ounces  (56*7  grammes)  of  bread  and  four 
ounces  (113*4  gmmmes)  of  meat.  At  seven  a.  m.,  precisely  one  hour  before 
death,  he  took  two  cups  of  tea  and  a  piece  of  toast ;  and  he  drank  a  glass  of 
wine  just  before  mounting  the  sciitlold.  When  the  dissection  wjis  made,  the 
body  was  yet  warm,  although  the  weather  was  quite  cold.  The  thoracic 
duct  was  rapidly  exposed  and  divided,  and  about  six  fluid rachms  (22*3  c.  c.) 
of  milky  chyle  were  collected.  The  fluid  was  neutral  and  had  a  specific 
gravity  of  1024.     The  following  was  its  approximate  composition: 


COMPOSITION    OF    HUMAN    CHYLE    FEOM   THE  THORACIC   BUCT. 

Water »04'8 

Albamen,  with  traceaa  of  fibrinous  matter , 70*8 

Aqueous  extractive 5*6 

Alcoholic  extractive,  or  osiiiazoriie 5*2 

Alkaline  chlorides,  carbonates  and  sulphates,  with  traces  of  alkaline  phos- 
phates and  oxides  of  iron  ,....,». 4'4 

Fiitty  matters ...*.. ^'% 
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Of  the  constituents  of  the  chyle  not  giren  in  the  ordinary  analyBes,  tlie 
mogt  important  are  the  nrea,  which  in  all  probability  is  derived  excIosiTelj 
from  the  lymph,  and  sugar,  coming  from  the  saccharine  and  amylaeeoo^  arb- 
cles  of  food  during  digestion. 

The  difference  in  chemical  composition  between  the  unmixed  lympli  and 
the  chyle  is  illustrated  in  a  comparative  examination  of  these  two  fluids  takin: 
from  a  donkey*  The  fluids  were  collected  by  Lane,  the  chyle  being  talteii 
from  the  lacteals  before  reaching  the  thoracic  duct  The  animal  was  Idlld 
seven  hoars  after  a  full  meal  of  oat^  and  beans.  The  following  analyaa  of 
the  fluids  were  made  bv  Beeo : 


COMPOSITIOK  OP  CHYLE  AND   LYMPH   BEFORE  BEACHING  THS  THOftACtC 

DUCT. 

Chyle.  Ljmsk. 

Water ..., 902-»7  9<&» 

Albuminous  matter , 35*16  li^ 

Fibrinous  mattcT ,». 3*70  liJO 

Animal  e^ractive  matter  soluble  in  water  and  alcohol S  32  2^10 

Animal  extractive  matter  soluble  in  water  onlj 12'^  13*19 

Fatty  matter 36-01  a  trace 

Salts,  i  '^ll^'^*^^  chlorides,  sulphates  and  carbonates,  with  ^         ,,,.|  y^ 
i     traces  ol  alkaline  phosphates  and  oxide  of  iion.  } 

hOOOiXi         IJCKXHIO 

The  above  analyses  show  a  very  marked  difference  in  the  proporticiii  of 
Bolid  constituents  iu  the  two  fluids.  The  chyle  contains  about  three  tiiiiaM 
much  albumen  and  fibrin  as  the  lymph*  with  a  larger  proportion  of  sdta 
The  proportion  of  fatty  matters  in  the  chyle  is  very  great,  while  in  the  Ijmpli 
there  exists  only  a  trace.  The  individual  constitnents  of  the  chyle  given  in 
the  above  tables  do  not  demand  any  farther  consideration  than  they  have 
already  received  under  the  head  of  lymph.  The  albuminoid  matters  are  in 
part  derived  from  the  food,  and  in  part  from  the  blood,  through  the  admixt- 
ure of  the  chyle  with  lymph*  The  fatty  matters  are  derived  in  greatest  part 
from  the  food.  As  far  as  has  been  ascertained  by  analyses  of  the  chyle  far 
salts,  this  fluid  has  been  found  to  contain  essentially  the  same  inorganic  con* 
stituents  as  the  plasma  of  the  blood. 

The  presence  of  sugar  in  the  chyle  was  first  mentioned  by  Brande,  who 
described  it,  however*  rather  indefinitely.  Glucose  was  first  distinctly  leoof- 
nized  in  the  chyle  by  Trommer,  and  its  existence  in  many  of  the  higher  oidera 
of  animals  has  since  been  fully  established  by  Colin. 

Microftcopical  CharaderM  of  the  Chyle. — The  milky  appearance  of  the 
chyle  as  contrasted  with  the  lymph  is  due  to  the  presence  of  a  large  numlier 
of  very  minute  fatty  granules.  The  liquid  becomes  much  leas  opaque  when 
treated  with  ether,  which  dissolves  many  of  the  fatty  particles.  In  fact,  thij 
chyle  of  the  thoracic  duct  is  nothing  more  than  lymph  to  which  an  emukton 
of  fat  in  a  liquid  containing  albuminoid  matters  and  salts  is  temporarily 
added  during  the  process  of  intestinal  absor|>tion.  The  quantity  of  fatty 
granules  in  the  chyle  varies  eo]isiderably  with  the  diet,  and  it  generally  di- 


MOVEMENTS  OF  THE  LYMPH  AND  CHYLE.      808 

minishes  progressively  from  the  smaller  to  the  larger  vessels,  on  accoant 
of  the  constant  admixture  of  lymph.  The  size  of  the  granules  is  pretty 
uniformly  f^U^  to  jfimr  <>*  *^  ^^^^  (1  to  2  fi).  They  are  much  smaller 
and  more  uniform  in  size  in  the  lacteals  than  in  the  cavity  of  the 
intestine.  Their  constitution  is  not  constant;  and  they  are  composed  of 
the  different  varieties  of  fat  which  are  taken  as  food,  mixed  with  each 
other  in  various  proportions.  The  ordinary  corpuscular  elements  of  the 
lymph,  leucocytes  and  globulins,  are  also  found  in  variable  quantity  in  the 
chyle. 

Movements  of  the  Lymph  and  the  Chyle. 

Compared  with  the  current  of  blood,  the  movements  of  the  lymph  and 
chyle  are  feeble  and  irregular ;  and  the  character  of  these  movements  is  such 
that  they  are  evidently  due  to  a  variety  of  causes.  As  regards  those  constitu- 
ents which  are  derived  directly  from  the  blood,  the  lymph  may  be  said  to  un- 
dergo a  true  circulation ;  inasmuch  as  there  is  a  constant  transudation  at  the 
peripheral  portion  of  the  vascular  system,  of  fluids  which  are  returned  to  the 
circulating  blood  by  the  communications  of  the  lymphatic  system  with  the 
great  veins.  The  constituents  of  the  lymph,  however,  are  not  derived  entirely 
from  the  blood,  a  considerable  portion  resulting  from  interstitial  absorption 
in  the  general  lymphatic  system ;  and  the  chyle  contains  certain  nutritive 
matters  absorbed  by  the  lacteal  vessels.  These  are,  physiologically,  the  most 
important  constituents  of  the  lymph  and  chyle ;  and  they  are  taken  up  sim- 
ply to  be  carried  to  the  blood  and  do  not  pass  again  from  the  general  vascular 
system  into  the  lymphatics. 

As  far  as  the  mode  of  origin  of  the  lymph  and  chyle  has  any  bearing  upon 
the  movements  of  these  fluids  in  the  lymphatic  vessels,  there  is  no  difference 
between  the  imbibition  of  new  matters  from  the  tissues  or  from  the  intestinal 
canal  and  the  transudation  of  the  liquid  portions  of  the  blood;  for  the 
mechanism  of  the  passage  of  liquids  from  the  blood-vessels  is  such  that  the 
motive  power  of  the  blood  can  not  be  felt.  An  illustration  of  this  is  in  the 
mechanism  of  the  transudation  of  the  liquid  portions  of  the  secretions.  The 
force  with  which  fluids  are  discharged  into  the  ducts  of  the  glands  is  very 
great  and  is  independent  of  the  action  of  the  heart,  being  due  entirely  to  the 
processes  of  transudation  and  secretion.  This  is  combined  with  the  force  of 
imbibition,  and  with  it  forms  one  of  the  important  agents  in  the  movements 
of  the  lymph  and  chyle.  These  movements  are  studied  with  great  diflBculty. 
One  of  the  first  peculiarities  to  be  observed  is  that  under  normal  conditions, 
the  vessels  are  seldom  distended,  and  the  quantity  of  fluid  which  they  con- 
tain is  subject  to  considerable  variation.  As  far  as  the  flow  in  the  vessels  of 
medium  size  is  concerned,  the  movement  is  probably  continuous,  subject  only 
to  certain  momentary  obstructions  or  accelerations  from  various  causes ;  but 
in  the  large  vessels  situated  near  the  thorax  and  in  those  within  the  chest,  the 
movements  are  in  a  marked  degree  remittent,  or  they  may  even  be  intermit- 
tent All  experimenters  who  have  observed  the  flow  of  lymph  or  chyle  from 
a  fistula  into  the  thoracic  duct  have  noted  a  constant  acceleration  with  each 
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act  of  expiration ;  and  an  impulse  synchronoos  with  the  puLaatioiig  of  dkp 
heart  has  frequently  been  observed. 

The  fact  that  the  l>inphatic  system  is  never  distended,  and  the  existenoe 
of  the  valves,  by  which  different  portions  may  become  isolated,  render  it  im- 
possible to  estimate  the  general  pressure  of  fluid  in  these  vessels.  This  ii 
undoubtedly  subject  to  great  variations  in  the  same  vessels  at  different  timen 
as  well  as  in  different  parte  of  the  lymphatic  system.  It  is  weU  known,  for 
example,  that  the  degree  of  distention  of  the  thoracic  dnct  is  very  variably 
its  capacity  not  infrequently  being  many  times  increased  during  active  ab- 
sorption. At  the  same  time  it  is  difficult  to  attach  a  manometer  to  any  pan 
of  the  lymphatic  system  without  seriously  obstructing  the  circulation  and 
consequently  exaggerating  the  normal  pressure;  but  the  force  with  whiefa 
liquids  penetrate  these  vessels  is  very  great.  This  is  illustrated  by  the  ei- 
periment  of  tying  the  thoracic  duct ;  for  after  this  operation,  nnle^  com- 
municating vessels  exist  by  which  the  fluids  can  be  discharged  into  the 
venous  system,  their  accumulation  is  frequently  sufficient  to  rupture  the 


The  general  rapidity  of  the  current  in  the  lymphatic  vessels  his  never 
been  accurately  estimated.  As  a  natural  consequence  of  the  variations  in  tht 
distention  of  these  vessels,  the  rapidity  of  the  circulation  must  be  subject  to 
constant  modifications.  Beclard,  making  his  calculation  from  the  experi* 
ments  of  Colin,  who  noted  the  quantity  of  fluid  discharged  in  a  given  time 
from  fistulous  openings  into  the  thoracic  duct,  estimated  that  the  rapidity  of 
the  flow  in  this  vessel  was  about  one  inch  (25*4  mm.)  per  sec^^ni  This  esti- 
mate, however,  can  be  only  approximate;  and  it  is  evident  that  the  flow 
must  be  much  less  rapid  in  the  vessels  near  the  periphery  than  in  the  large 
trunks,  as  the  liquid  moves  in  a  space  which  becomes  rapidly  contracted  as  it 
approaches  the  openings  into  the  venous  system. 

Various  influences  combine  to  produce  the  movements  of  fluids  in  the 
lymphatic  system,  some  being  constant  in  their  operation,  and  others,  inter- 
mittent or  occasional*  These  will  be  considered,  as  nearly  as  possible,  in  the 
order  of  their  relative  importance. 

The  forces  of  endosmosis  and  transudation  are  undoubtedly  the  main 
causes  of  the  lymphatic  circulation,  more  or  less  modified,  however,  by  inflii* 
enees  which  may  accelerate  or  retard  the  current ;  but  this  action  is  capaUe 
in  itself  of  producing  the  regular  movement  of  the  lymph  and  chyle.  It  i 
a  force  whicli  is  in  constant  operation,  as  is  seen  in  cases  of  ligation  of 
thoracic  duct,  a  procedure  which  must  finally  abolish  all  other  forces  whidi 
aid  in  producing  the  lymphatic  circulation.  When  the  receptaculmn  chyli 
is  ruptured  as  a  consequence  of  obstruction  of  the  thoracic  duct,  the  vessel 
gives  way  as  the  result  of  the  constant  endosmotic  action,  in  the  same  wty 
that  the  exposed  membranes  of  an  egg  may  be  ruptured  by  endosmosis,  when 
immersed  in  water. 

The  sitnations  in  which  the  endosmotic  force  originates  are  at  the  perif 
ery,  where  the  single  wall  of  the  vessels  is  very  thin,  and  where  the  extent  i 
absorbing  surface  is  large.     If  liquids  can  penetrate  with  such  rapiditj 
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foree  through  the  walls  of  the  blood-vessels,  where  their  entrance  is  opposed 
by  the  pressure  of  the  fluids  already  in  their  interior,  they  certainly  most 
pass  without  difficulty  through  the  walls  of  the  lymphatics,  where  there  la 
no  lateral  pressure  to  oppose  their  entrance,  except  that  produced  by  the 
weight  of  the  column  of  liquid.  This  pressure  is  readily  overcome;  and  the 
valves  in  the  lymphatic  system  effectuully  prevent  any  backward  current 

la  describing  the  anatomy  of  the  lymphatic  system,  it  has  already  been 
stated  that  the  large  vessels  and  those  of  medium  size  are  provided  with 
non-striated  muscular  tibres  and  are  endowed  with  contractility.  This  fact 
has  been  demonstrated  by  physiological  as  well  as  anatomical  investigations. 
B^lard  stated  that  he  often  produced  contractions  of  the  thoracic  duct 
by  the  application  of  the  two  poles  of  an  inductive  apparatus.  It  is  not  un- 
common to  see  the  hu*teals  become  reduced  in  size  to  a  mere  tlircad,  even 
while  under  observation.  Although  experiments  have  generally  failed  to 
demonstmte  any  regular,  rhythmical  contnictions  in  the  lymphatic  system,  it 
is  probable  that  the  vessels  contract  upon  their  contents,  when  they  are  un- 
iisually  distended,  and  thus  assist  the  circulation,  the  action  of  the  valves 
opposing  a  regtirgitating  current.  This  action,  however,  can  not  have  any 
considerable  and  regular  influence  upon  the  geneml  current 

Contractions  of  the  ordinary  voluntary  muscles,  compression  of  the 
abdominal  organs  by  contraction  of  the  abdominal  muscles,  peristaltic  move- 
men  t*  of  the  intestines  and  pulsations  of  large  arteries  situated  against  the 
lymphatic  trunks,  particularly  the  thoracic  aortii,  are  all  capable  of  increas- 
ing the  rapidity  of  the  circulation  of  the  lymph  and  chyle* 

The  contractions  of  voluntary  muscles  assist  the  lymphatic  circulation  in 
precisely  the  way  in  which  they  intluence  the  flow  of  blood  in  the  venous 
system ;  and  there  is  nothing  to  be  added  regariliug  this  action  to  what  has 
already  been  said  on  this  subject  in  connection  with  the  description  of  the 
venous  circulation. 

Increase  in  the  flow  of  chyle  in  the  thoracic  duct,  as  the  result  of  com- 
pression of  the  abdominal  organs  or  of  kneading  the  abdomen  with  the 
hands,  was  observed  by  Magendie,  and  the  fact  has  been  confirmed  in  all 
recent  experiments  on  this  subject,  Tlic  same  effect,  though  probably  less 
in  degree,  is  produced  by  the  peristaltic  contractions  of  the  intestines. 

When  a  tube  is  introduced  into  the  upper  part  of  the  thoracic  duct,  it  is 
frequently  the  case  that  the  fluid  is  discharged  with  increased  force  at  each 
pulsation  of  the  heart.  This  was  frequently  observed  by  Dalton  in  his  exper- 
iments on  the  thoracic  duct,  and  he  described  the  jets  as  being  '*  like  blood 
coming  from  a  small  artery  when  the  circulation  is  somewhat  impeded," 
This  impulse  is  due  to  compression  of  tlie  thoracic  duct  as  it  passes  under 
the  arch  of  the  aort^  Its  influence  upon  the  general  current  of  the  lymph 
and  chyle  is  probably  insignificant. 

While  the  vis  a  (ergo  must  be  regarded  iis  by  far  the  most  important 
agent  in  the  production  of  the  lymphatic  circulation*  the  movements  of 
fluids  in  the  thoracic  duct  receive  constant  and  imjiortai^t  aid  from  the 
respiratory  acts.     This  fact  has  long  been  recognized  ;  and  in  the  works  of 
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Haller  there  is  a  full  discnssion  of  the  influence  of  the  diaphragm  and  of  thr 
movements  of  the  thorax  upon  the  circulation  of  chyle.  Colin  always  founcl 
marked  impulses  in  the  flow  of  chyle  from  a  fistula  int-o  the  thoracic  duct, 
which  were  sjnchronoua  with  the  movements  of  respiration.  With  each  «d 
of  expiration  the  fluid  was  forcibly  ejected,  and  with  inspiration  the  flow 
was  very  much  diminished  or  even  arrested.  These  impulses  l^ecame  much 
more  mai'ked  when  respiration  was  interfered  with  and  the  efforts  becttnie 
violent  The  impulses  were  sometimes  so  decided,  that  the  pulsations  wert 
repeated  in  a  long  elastic  tube  attached  to  the  eanula  for  the  purpose  of  col- 
lecting the  fluid. 

From  all  these  considerations,  it  is  evident  that  although  there  are  many 
conditions  capable  of  modif^ang  the  currents  in  the  lymphatic  system,  the 
regular  flow  of  the  lymph  and  chyle  depends  chiefly  upon  the  viit  a  tertp; 
but  the  vessels  themselves  sometimes  undergo  contraction,  and  they  are  soIh 
Ject  to  occasional  compression  from  surrounding  parts,  which,  from  the  exist- 
ence of  valves  in  the  vessels,  must  favor  the  current  toward  the  venous  sys- 
tem. The  alternate  dilatation  and  compression  of  the  thoracic  duct  witii 
the  acts  of  respiration  likewise  aid  the  circulation,  and  they  are  more  evi- 
dent than  any  other  force,  except  the  iris  a  (ergo.  The  action  of  the  valtes 
m  precisely  the  same  in  the  lymphatic  as  in  the  venous  system. 
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OlaMtllcfttioii  of  the  icci^ooA— Mechanism  of  the  prodactloD  of  Uie  true  i 

pTDdactioti  or  the  excTetloiw— Influence  of  the  coraposUioti  and  i»rcfvoroof  CtM  blood  < 
tnfliicncc  of  the  nervoiis  flysteiu  on  tccrptioD— AnatomiCAl  claMificatioo  of  gtsadniar  c 
catioa  of  the  tecrcted  fluids— SynoviaJ  membraacs  and  f>7novia--MiioooB  iD«nibrane«  and  BiBeB»~ 
FlijiiologiGa]  KDMXomj  of  the  ftebneeoup.  cenunitiuufi  and  Meibomian  glanda— Ordinarr  Mbaocooa  ntlfttr 
— Smegma  of  the  prepuce  And  of  the  labia  minora— Vemix  cuaMa—Ccnunen — Meibomian  f  btfijtw 
Mammary  f>«crPtion— Phyatolc^caJ  anatomj  of  the  mammary  glands— Mechaniffoi  of  Ihe  eeutlki  of 
milk— Coaditioati  which  modify  the  lacteal  secretion — Qtiaatity  of  milk— PTopeKie*  and  compnattioB  d! 
milk— Microceopical  chftractcrs  of  milk —CompoAtt ion  of  milk—yariatioaB  in  th«  oompoaitioa  of  BUlk— 
Colostrum— Lacteal  tecretion  In  the  new Jy-bom— Secretory  nerve-ccntret. 

The  processes  of  secretion  are  intimately  connected  with  general  nutri- 
tion. In  the  sense  in  which  the  term  secretion  is  usually  received,  it  em- 
braces most  of  the  processes  in  which  there  is  a  separation  of  matters  from 
the  blood  by  glamiular  organs  or  a  formation  of  a  new  fluid  out  of  materials 
furnished  by  the  blood.  The  blood  itself,  the  l}Tnph  and  the  chyle,  are  in 
no  sense  to  be  regarded  as  secretions.  These  fluids,  like  the  tissues,  are  per- 
manent parts  of  the  organism,  undergoing  those  changes  only  that  are  neces- 
sary to  their  proper  regeneration.  They  are  likeivise  characterized  by  the 
presence  of  certain  formed  anatomical  elements,  which  themselves  undergo 
processes  of  molecular  destruction  and  regeneration.    These  characters  are 
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not  poefeesBed  by  the  secretions.  As  a  rule,  the  latter  are  homogeneoas  fluids, 
without  formed  anatomical  elements,  except  as  accidental  constituents,  such 
as  the  desquamated  epithelium  in  mucus  or  in  sebaceous  matter.  The  secre- 
tions are  either  discharged  from  the  body,  when  they  are  called  excretions, 
or  after  haying  performed  their  proper  office  as  secretions,  are  absorbed  in  a 
more  or  less  modified  form  by  the  blood. 

Physiologists  now  regard  secretion  as  the  act  by  which  fluids,  holding 
certain  substances  in  solution,  and  sometimes  containing  peculiar  ferments 
but  not  necessarily  possessing  formed  anatomical  elements,  are  separated 
from  the  blood  or  are  formed  by  special  organs  out  of  materials  furnished  by 
the  blood.  These  organs  may  be  membranes,  follicles  or  collections  of  folli- 
cles, or  tubes.  In  the  latter  instances  they  are  called  glands.  The  liquids 
thus  formed  are  called  secretions;  and  they  may  be  destined  to  perform 
some  office  connected  with  nutrition  or  may  be  simply  discharged  from  the 
organism. 

It  is  not  strictly  correct  to  speak  of  formed  anatomical  elements  as  prod- 
ucts of  secretion,  except  in  the  instance  of  the  fatty  particles  in  the  milk. 
The  leucocytes  found  in  pus,  the  spermatozoids  of  the  seminal  fluid,  and  the 
ovnm,  which  are  sometimes  spoken  of  as  products  of  secretion,  are  anatomi- 
cal elements  developed  in  the  way  in  which  such  structures  are  ordinarily 
formed.  For  example,  leucocytes,  or  pus-corpuscles,  may  be  developed  with- 
out the  intervention  of  any  special  secreting  organ ;  and  spermatozoids  and 
ova  are  generated  in  the  testicles  and  the  ovaries,  by  a  process  entirely  differ- 
ent from  ordinary  secretion.  It  is  important  to  recognize  these  facts  in 
studying  the  mechanism  by  which  the  secretions  are  produced. 

Classification  of  the  Secretions, — Certain  secretions  are  formed  by  special 
organs  and  have  important  uses  which  do  not  involve  their  discharge  from 
the  body.  These  may  be  classed  as  the  true  secretions  ;  and  the  most  strik- 
ing examples  of  such  are  the  digestive  fluids.  Each  one  of  these  fluids  is 
formed  by  a  special  gland  or  set  of  glands,  which  generally  has  no  other 
office ;  and  they  are  never  produced  by  any  other  part.  It  is  the  gland  which 
produces  the  characteristic  constituent  or  constituents  of  the  true  secretions, 
out  of  materials  furnished  by  the  blood ;  and  the  matters  thus  formed  never 
pre-exist  in  the  circulating  fluid.  The  office  which  these  fluids  have  to  per- 
form is  generally  not  continuous ;  and  when  this  is  the  case,  the  flow  of  the 
secretion  is  intermittent,  taking  place  only  when  its  action  is  required.  When 
the  parts  which  produce  one  of  the  true  secretions  are  destroyed,  as  is  some- 
times done  in  experiments  upon  living  animals,  the  characteristic  constituents 
of  this  particular  secretion  never  accumulate  in  the  blood  nor  are  they  formed 
vicariously  by  other  organs.  The  simple  effect  of  such  an  experiment  is 
absence  of  the  secretion,  with  the  disturbances  consequent  upon  the  loss  of 
its  physiological  action. 

Certain  other  of  the  fluids  are  composed  of  water,  holding  one  or  more 
characteristic  constituents  in  solution,  which  result  from  the  physiological 
wear  of  the  tissues.  These  matters  have  no  office  to  perform  in  the  animal 
economy  and  are  simply  separated  from  the  blood  to  be  discharged  from  the 
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body*  These  may  be  classed  as  excretions,  the  urine  being  the  type  of  fluidj 
of  this  kind.  The  characteristic  constituents  of  the  excrementitious  fluid* 
are  formed  in  the  tissues,  as  one  of  the  results  of  the  constant  changes  goint,' 
on  in  all  organized,  living  structures.  They  always  pre-exist  in  the  circulating 
fluid  and  may  be  eliminated,  either  constantly  oi*  occasionally,  by  a  number 
of  organs.  As  they  are  produced  oontinuaHy  in  the  substance  of  the  tissQw 
and  are  taken  up  by  the  blood,  they  are  constantly  separated  from  the  blood 
by  the  proper  eliminating  organs.  When  the  glands  which  thus  eliminati 
these  substances  are  destroyed  or  when  their  action  is  seriously  impaired,  the 
excrementitious  mattei-s  may  accumulate  in  the  blood  and  give  rise  to  certain 
toxic  phenomena.  These  effects,  however,  are  often  retarded  bj  the  vicarioo* 
action  of  other  organs. 

There  are  some  fluidB,  as  the  bile,  which  have  important  uses  as  seor&> 
tions,  and  which  nevertheless  contain  certain  excrementitious  matters.  Id 
these  instances,  it  is  only  the  excrementitious  matters  that  are  discharged 
from  the  organism. 

In  the  sheaths  of  some  tendons  and  of  muscles,  in  the  substance  of  mas- 
clee  and  in  some  other  situations,  fluids  arc  found  which  simply  moisten  the 
parte  and  which  contain  very  little  organic  matter,  with  but  a  small  propor- 
tion  of  inorganic  salts.  Although  these  are  frequently  spoken  of  as  secretions, 
they  are  produced  generally  by  a  simple,  mechanical  transudation  of  certain 
of  the  constituents  of  the  blood  through  the  walls  of  the  vessels.  Still,  it  is 
difficult  to  draw  a  line  rigorously  between  transudation  and  some  of  the  phe- 
nomena  of  secretion;  particularly  as  experiments  upon  dialysis  have  shown 
that  simple,  osmotic  membranes  are  capable  of  separating  complex  solutions^ 
allowing  certain  constituents  to  pass  much  more  freely  than  others.  Thb 
fact  explains  w^hy  the  transuded  fluids  do  not  contain  all  the  soluble  oon* 
fitituents  of  the  blood  in  the  proportions  in  which  they  exist  in  the  plasma. 
All  the  secreted  fluids,  both  the  true  secretions  and  the  excretions,  contsdn 
many  of  the  inorganic  salts  of  the  blood -phis  ma. 

3Iecham'sm  of  the  Product  ion  of  the  True  pSecretionB, — Although  the 
chamcteristic  constituents  of  the  true  secretions  are  not  to  be  found  in  the 
blood  or  in  any  other  of  the  animal  fluids,  they  can  generally  be  extracted 
from  the  glands,  particularly  during  their  intervals  of  so-called  repose.  Thi« 
fact  has  been  repeatedly  demonstrated  with  regard  to  many  of  the  digestiVB 
fluids,  as  the  sativa,  the  gastric  juice  and  the  pancreatic  juice;  and  artificial 
fluids,  poflseasing  certain  of  the  physiological  properties  of  the  natural  secre- 
tions, have  been  prepared  by  simply  extracting  the  glandular  tissue  with  water. 
There  can  be  no  doubt,  therofure,  that  during  the  periods  when  the  secre- 
tions are  not  discharged,  the  glands  are  taking  from  the  blood  matters  which 
are  to  be  transformed  into  tlie  characteristic  constituents  of  the  indiTidnal 
secretions,  and  that  this  process  is  constant,  beariug  a  close  resemblance  lo 
the  general  act  of  nutrition.  There  are  certiiiu  anatomical  elements  in  the 
glands,  which  have  the  power  of  selecting  the  proper  materials  from  the 
blood  and  causing  them  to  undergo  peculiar  transformations ;  in  the  same 
way  that  the  muscular  tissue  takes  from  the  nutritive  fluid  albuminoid  mat« 
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ten  and  tranafonns  them  into  its  own  substance.  The  exact  nature  of  this 
property  is  unexplained. 

In  all  of  the  secreting  organs,  epithelium  is  found  which  seems  to  possess 
the  power  of  forming  the  peculiar  constituents  of  the  different  secretions. 
The  epithelial  cells  lining  the  tubes  or  follicles  of  the  glands  constitute  the 
only  peculiar  structures  of  these  parts,  the  rest  being  made  up  of  basement- 
membrane,  connective  tissue,  blood-vessels,  nerves,  and  other  structures  which 
are  distributed  generally  in 'the  economy;  and  these  cells  alone  contain  the 
constituents  of  the  secretions.  It  has  been  found,  for  example,  that  the 
liver-cells  contain  the  glycogen  formed  by  the  liver ;  and  it  has  been  farther 
shown  that  when  the  cellular  structures  of  the  pancreas  have  been  destroyed, 
the  secretion  is  no  longer  produced.  There  can  be  hardly  any  doubt  with 
regard  to  the  application  of  this  principle  to  the  glands  generally,  both  secre- 
tory and  excretory.  Indeed,  it  is  well  known  to  pathologists,  that  when  the 
tubes  of  the  kidney  have  become  denuded  of  their  epithelium,  they  are  no 
longer  capable  of  separating  from  the  blood  the  peculiar  constituents  of  the 
urine. 

With  regard  to  the  origin  of  the  characteristic  constituents  to  the  true 
secretions,  it  is  impossible  to  entertain  any  other  view  than  that  they  are  pro- 
duced in  the  epithelial  structures  of  the  glands.  While  the  secretions  con- 
tain inorganic  salts  in  solution  transuded  from  the  blood,  the  organic  con- 
stituents, such  as  ptyaline,  pepsine,  trypsine  etc.,  are  readily  distinguished 
from  all  other  albuminoid  substances,  by  their  peculiar  physiological  proper- 
ties. 

It  may  be  stated,  then,  as  a  general  proposition,  that  the  characteristic 
constituents  of  the  true  secretions,  as  contradistinguished  from  the  excre- 
tions, are  formed  by  the  epithelial  structures  of  the  glands,  out  of  materials 
furnished  mainly  by  the  blood.  Their  formation  is  by  no  means  confined  to 
what  is  usually  termed  the  period  of  activity  of  the  glands,  or  the  time  when 
the  secretions  are  poured  out,  but  it  takes  place  more  or  less  constantly  when 
no  fluid  is  discharged.  It  is  more  than  probable,  indeed,  that  the  formation 
of  the  peculiar  and  characteristic  constituents  of  the  secretions  takes  place 
with  as  much  activity  in  the  intervals  of  secretion  as  during  the  discharge 
of  fluid ;  and  most  of  the  glands  connected  with  tlie  digestive  system  seem 
to  require  certain  intervals  of  repose  and  are  capable  of  discharging  their 
secretions  for  a  limited  time  only. 

When  a  secreting  organ  is  called  into  activity — like  the  gastric  mucous 
membrane  or  the  pancreas,  upon  the  introduction  of  food  into  the  aliment- 
ary canal — a  marked  change  in  its  condition  takes  place.  The  circulation 
in  the  part  is  then  very  much  increased  in  activity,  thus  furnishing  water 
and  the  inorganic  constituents  of  the  secretion.  This  difference  in  the  quan- 
tity of  blood  in  the  glands  during  their  activity  is  very  marked  when  the 
organs  are  exposed  in  a  living  animal,  and  is  one  of  the  important  facts  bear- 
ing upon  the  mechanism  of  secretion. 

In  all  the  secretions  proper,  there  are  intervals,  either  of  complete  re- 
pose, as  is  the  case  with  the  gastric  juice  or  the  pancreatic  juice,  or  periods 
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when  the  activity  of  the  secretion  is  very  greatly  diminished,  as  in  the  sahrk. 

These  perioils  of  rei>ose  seem  to  be  necessary  to  the  proper  action  of  tW 
secreting  glands ;  forming  a  marked  contrast  with  the  constant  action  of 
organs  of  excretion.  It  is  well  known,  for  example,  that  digestion  is  seri- 
ously disturbed  when  the  act  is  too  prolonged  on  account  of  the  habitual  in- 
gestion of  an  excessive  quantity  of  food. 

From  the  considerations  already  mentioned.,  it  is  evident  that  the  charac* 
teristic  constituents  of  the  true  secretions  are  formed  by  the  epithelial 
structures  of  the  glands.  While  the  mechanism  of  this  process  is  not  under- 
stood in  all  its  details  as  regards  all  of  the  secretions,  in  some  of  the  glandi 
the  processes  have  been  studied  mth  tolerably  definite  results.  In  some  of 
the  salivary  glands,  in  the  peptic  cells  and  in  the  cells  of  the  pancreas,  it 
has  been  shown  that  the  so-called  ferments  are  not  formed  directlj. 
The  secreting  cells  are  apparently  divided  into  two  portions,  or  zones;  an 
outer  zone,  which  is  next  the  tubular  membrane,  and  an  inner  zone,  nett 
the  lumen  of  the  tube  or  follicle.  In  the  inner  zone,  during  the  interab 
of  actual  secretion,  there  appears  a  substance,  wliich  at  the  time  when  the 
secretion  is  formed  and  is  poured  out,  is  changed  into  the  true  ferment, 
or  active  principle  of  the  secretion ;  so  tliat  there  is  probably  a  zymogenic, 
or  ferment-forming  substance,  first  produced  by  the  cells.  The  substance, 
if  such  a  substance  exists^  out  of  which  ptyaline  is  formed,  b^  not  been 
described  ;  but  in  the  viscid  forms  of  saliva^  there  appears  to  be  first  forme  J 
a  substance  called  mucinogen,  afterward  changed  into  mucine,  upon  which 
the  viscidity  of  the  fluid  depends. 

In  the  salivary  glands  which  produce  viscid  secretions,  the  submaxillar; 
and  sublingual,  the  parenchyma  presents  two  kinds  of  acini,  serous  aiid 
mucous.  The  so-called  serous  acini  are  the  more  abundant  and  are  thought 
to  produce  the  true  saliva,  while  the  mucous  acini  secrete  tlie  vi^*id  con- 
stituents of  the  saliva. 

In  the  production  of  pcpsine,  the  inner  zone  of  the  peptic  cells  fast 
forms  pepsinogen,  which  is  changed  into  pepsine  as  it  is  discjiarged  from 
the  glands.  In  tlie  pancreas,  tr}73sinogcn  is  formed  in  the  inner  zone  of  the 
cells,  and  this  is  changed  into  trypsine.  The  general  name  zymogen  had 
been  given  to  the  substances  which  are  changed  into  the  digestive  fermentB; 
although,  as  is  evident,  this  substance  is  not  identicikl  in  the  different  glands. 
The  formation  of  the  ferments  of  the  true  secretions  is  analogous  m  its  n^ 
ture  to  certain  of  the  nutritive  processes. 

The  theory  that  the  discharge  of  the  secretions  is  due  simply  to  mechan- 
ical causes  and  is  attributable  solely  to  the  incre-ase  in  the  pressure  of  blood 
can  not  be  sushiined.  Pressure  uiKioubtedly  has  considerable  influence  upon 
the  activity  of  secretion ;  but  the  flow  will  not  always  take  place  in  obedi- 
ence to  simple  pressure,  and  secretion  may  be  excited  for  a  limited  tim© 
without  any  incre^ase  in  the  quantity  of  blood  circulating  in  the  gland« 

The  glands  possess  a  |jcculiar  excitability,  which  is  manifested  by  their 
action  in  response  to  proper  stimulation.  During  secretion,  they  generally 
receive  an  increased  quantity  of  blood ;  but  this  is  not  indispensable,  and 
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secretion  may  be  excited  without  any  modification  of  the  circulation.  This 
excitability  will  disappear  when  the  artery  supplying  the  part  with  blood  is 
tied  for  a  number  of  hours;  and  secretion  can  not  then  be  excited  even 
when  the  blood  is  again  allowed  to  circulate.  If  the  gland  be  not  depriyed 
of  blood  for  too  long  a  period,  the  excitability  is  soon  restored ;  but  it  may 
be  permanently  destroyed  by  depriving  the  part  of  blood  for  a  long  time. 
These  facts  show  a  certain  similarity  between  glandular  and  muscular  excita- 
bility, although  these  properties  are  manifested  in  very  different  ways. 

Mechanism  of  the  Production  of  the  Excretions. — Certain  of  the  glands 
separate  from  the  blood  excrementitious  matters  which  are  of  no  use  in  the 
economy  and  are  simply  discharged  from  the  body.  These  matters,  which 
will  be  fully  considered,  both  in  connection  with  the  fluids  of  which  they 
form  a  part  and  under  the  head  of  nutrition,  are  entirely  different  in  their 
mode  of  production  from  the  characteristic  constituents  of  the  secretions. 
The  formation  of  excrementitious  matters  takes  place  in  the  tissues  and  is 
connected  with  the  general  process  of  nutrition;  and  in  the  excreting 
glands  there  is  simply  a  separation  of  products  already  formed.  The  action 
of  the  excreting  organs  is  constant,  and  there  is  not  that  regular,  periodic 
increase  in  the  activity  of  the  circulation  which  is  observed  in  secreting 
organs ;  but  it  has  been  observed  that  the  blood  which  comes  from  the  kid- 
neys is  nearly  as  red  as  arterial  blood,  showing  that  the  quantity  of  blood 
which  these  organs  receive  is  greater  than  is  required  for  mere  nutrition,  the 
excess,  as  in  the  secreting  organs,  furnishing  the  water  and  inorganic  salts 
that  are  found  in  the  urine.  It  has  also  been  shown  that  when  the  secre- 
tion of  urine  is  interrupted,  the  blood  of  the  renal  veins  becomes  dark  like 
the  blood  in  the  general  venous  system. 

Excretion  is  not,  under  all  conditions,  confined  to  the  ordinary  excre- 
tory organs.  When  their  action  is  disturbed,  certain  of  the  secreting  glands, 
as  the  follicles  of  the  stomach  and  intestine,  may  for  a  time  eliminate  excre- 
mentitious matters ;  but  this  is  abnormal  and  is  analogous  to  the  elimination 
of  foreign  matters  from  the  blood  by  the  glands. 

Influence  of  the  Camposition  and  Pressure  of  the  Blood  upon  Secretion, — 
Under  normal  conditions,  the  composition  of  the  blood  has  little  to  do  with 
the  action  of  the  secreting  organs,  as  it  simply  furnishes  the  materials  out  of 
which  the  characteristic  constituents  of  the  secretions  are  formed ;  but  when 
certain  foreign  matters  are  taken  into  the  system  or  are  injected  into  the 
blood-vessels,  they  are  eliminated  by  the  different  glandular  organs,  both 
secretory  and  excretory.  These  organs  seem  to  possess  a  power  of  selection 
in  the  elimination  of  different  substances.  Thus,  sugar  and  potassium  fer- 
rocyanide  are  eliminated  in  greatest  quantity  by  the  kidneys ;  the  salts  of 
iron,  by  the  kidneys  and  the  gastric  tubules ;  and  iodine,  by  the  salivary 
glands. 

The  discharge  of  secretions  is  almost  always  accompanied  with  an  in- 
crease in  the  pressure  of  blood  in  the  vessels  supplying  the  glands ;  and  it 
has  been  shown,  on  the  other  hand,  that  an  exaggeration  in  the  pressure,  if 
the  nerves  of  the  glands  do  not  exert  an  opposing  influence,  increases  the 
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activity  of  secretion.  The  experiments  of  Bernard  on  this  point  show  tbt 
influence  of  pressure  upon  the  salivary  and  renal  secretions,  particularlT  Ar 
latter.  After  inserting  a  tube  into  one  of  the  ureters  of  a  living  animal«  w 
that  the  activity  of  the  renal  secretion  could  be  accurately  observed,  tbc 
pressure  in  the  renal  artery  was  increased  by  tving  the  crural  and  the 
brachial.  It  was  then  found  that  the  flow  of  urine  was  markedly  increased. 
The  pressure  waa  afterward  diminished  by  the  abstraction  of  blood,  whick 
was  followed  by  a  corresponding  diminution  in  the  quantity  of  urine.  The 
same  phenomena  were  observed  in  analogous  experiments  upon  the  submax- 
illary secretion.  These  facts,  however,  do  not  demonstrate  that  secretion  k 
due  simply  to  an  increase  in  the  pressure  of  blood  in  the  glands,  althoagh 
this  undoubtedly  exerts  an  important  influence.  It  is  necessary  that  every 
condition  should  be  favorable  to  the  act  of  secretion  for  this  inflaence  to  be 
effective.  Experiments  have  shown  that  pain  may  completely  arrest  the 
secretion  of  urine,  operating  undoubtedly  through  the  nervous  system.  If 
the  flow  of  urine  be  arrested  by  pain,  an  increase  in  the  pressure  of  blood  ta 
the  part  fails  to  excite  the  secretion. 

Influence,  of  the  Neri'ous  System  on  Setreiion, — The  fact  that  the  secre- 
tions are  generally  intermittent  in  their  flow,  being  discharged  in  obedi- 
ence to  impressions  which  ai-e  made  only  when  there  is  a  demand  for  their 
physiological  action,  would  naturally  lead  to  the  supposition  that  they  are 
regulated,  to  a  great  extent,  through  the  nervous  system ;  particularly  as  it 
is  now  well  established  that  the  nerves  are  capable  of  modifying  and  regnlat- 
ing  local  circulations.  The  same  facts  apply,  to  a  certain  extent,  to  thi; 
excretions,  wliich  are  also  subject  to  considerable  modifications. 

It  is  evident  that  the  nervous  system  has  an  important  influence  in  the 
production  of  the  secretions ;  and  this  is  exerted  largely  through  modifictk 
tions  in  the  activity  of  the  circulation  in  the  glands.  This  takes  place  id 
greatest  part  through  vaso*niotor  nerves  distributed  to  the  muscular  coats  o( 
the  arteries  of  supply.  When  these  nerves  are  divided,  the  circulation  is  in* 
creased  here,  as  in  other  situations,  and  secretion  is  the  result ;  and  if  the 
extremity  of  the  nerve  connected  with  the  gland  be  stimulated,  contraction 
of  the  vessels  follows,  and  the  secretion  is  arrested. 

With  regard  to  many  of  the  glands,  it  has  been  shown  that  the  influence 
of  the  vaso- motor  nerves  is  antagonized  by  certain  other  nerves,  which  latter 
are  called  the  motor  nerves  of  the  glands.  The  motor  nerve  of  the  submax- 
illary is  the  chorda  tympani ;  and  as  both  this  nerve  and  the  sympathetic, 
which  latter  contains  the  vaso-motor  filaments,  together  with  the  excretory 
duct  of  the  gland,  can  be  easily  exposed  and  operated  upon  in  a  living  animal^ 
many  experiments  have  bc^n  performed  upon  this  gland*  When  all  these 
parts  are  exjxjsed  and  a  tube  is  introduced  into  the  salivary  duct,  division  o! 
the  sjrmpathetie  induces  secretion,  with  an  increase  in  the  circulation  in  the 
gland,  the  blood  in  the  vein  becoming  red.  On  the  other  hand,  division 
of  the  chorda  tympani,  the  sympathetic  being  intact,  arrests  secretion,  and 
the  venous  blood  coming  from  the  gland  becomes  dark.  If  the  nerves  be  now 
stimulated  alternately,  it  will  be  found  that  stimulation  of  the  sympathetic 
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prodaoes  contraction  of  the  vessels  of  the  gland  and  arrests  secretion,  while  a 
stimolos  applied  to  the  chorda  tympani  increases  the  circulation  and  excites 
secretion  (Bernard).  Enough  is  known  of  the  nervous  influences  which 
modify  secretion,  to  admit  of  the  inference  that  all  the  glands  are  supplied 
with  nerves  through  which  certain  reflex  phenomena,  affecting  their  secre- 
tions, take  place. 

As  reflex  phenomena  involve  the  action  of  nerve-centres,  it  becomes  a 
question  to  determine  whether  any  particular  parts  of  the  central  nervous 
system  preside  over  the  various  secretions.  Experiments  showing  the  exist- 
ence of  such  centres  are  not  wanting,  but  it  will  be  more  convenient  to  treat 
of  these  in  connection  with  the  physiology  of  the  individual  secretions. 

Mental  emotions,  pain,  and  various  conditions,  the  influence  of  which 
npon  secretion  has  long  been  observed,  operate  through  the  nervous  system. 
Many  familiar  instances  of  this  kind  are  mentioned  in  works  on  physiology : 
such  as  the  secretion  of  tears ;  arrest  or  production  of  the  salivary  secretions ; 
sudden  arrest  of  the  secretion  of  the  man^mary  glands,  from  violent  emotion ; 
increase  in  the  secretion  of  the  kidneys  or  of  the  intestinal  tract,  from  fear 
or  anxiety ;  with  other  examples  which  it  is  unnecessary  to  enumerate. 

Paralytic  Secretion  by  Glands, — The  effects  of  destruction  of  the  nerves 
distributed  to  the  parenchyma  of  some  of  the  glandular  organs  are  very  re- 
markable. Miiller*and  Peipers  destroyed  the  nerves  distributed  to  the  kidney 
and  found  that  not  only  was  the  secretion  arrested  in  the  great  majority  of 
instances,  but  the  renal  tissue  became  softened  and  broken  down.  Ber- 
nard found  that  animals  operated  upon  in  this  way  died,  and  that  the  tissue 
of  the  kidney  was  broken  down  into  a  fetid,  semi-fluid  mass.  After  division 
of  the  nerves  of  the  salivary  glands,  the  organs  became  atrophied,  but  they 
did  not  undergo  the  peculiar  putrefactive  change  which  was  observed  in  the 
kidneys.  The  same  effect  was  produced  when  the  nerves  were  paralyzed  by 
introducing  a  few  drops  of  a  solution  of  curare  at  the  origin  of  the  little 
artery  which  is  distributed  to  the  submaxillary  gland.  It  is  possible  that 
other  glands  have  so-called  motor-nerves,  stimulation  of  which  excites  secre- 
tion, but  such  nerves  have  been  most  satisfactorily  isolated  and  studied  in 
connection  with  the  salivary  secretions.  When  the  motor-nerves  of  the  sali- 
vary glands  are  divided,  in  the  course  of  a  day  or  two,  the  secretion  becomes 
abundant  and  watery,  losing  its  normal  characters.  After  about  eight  days, 
the  secretion  begins  to  diminish  and  the  glands  undergo  atrophy.  The  in- 
creased secretion  first  observed  has  been  called  "paralytic."  The  watery 
secretion  discharged  from  a  permanent  pancreatic  fistula  is  thought  to  be 
paralytic ;  and  certainly  it  does  not  present  the  physiological  properties  of 
normal  pancreatic  juice. 

Anatomical  Classijication  of  Glandular  Organs. — The  organs  which 
produce  the  different  secretions  are  susceptible  of  a  classification  according 
to  their  anatomical  peculiarities,  which  greatly  facilitates  their  study.  They 
may  be  divided  as  follows : 

1.  Secreting  membranes. — Examples  of  these  are  the  synovial  mem- 
branes. 
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2.  Follicular  ^/ant/^.— 'Examples  of  these  are  the  simple  mnoous  foUicks, 
the  follicles  of  Lieberkiihn  and  the  uterine  follicles. 

Z.  Tubular  ///««//.'?.— Exiimples  of  these  are  the  cemminous  glauds,  the 
sudoriparous  glands  and  the  kidneys. 

4.  Racemose  glands^  Himple  and  compound, — Examples  of  the  simple 
racemose  glands  are  the  sebaceous  and  Meibomian  glands,  the  tnich»J 
glands  and  the  glands  of  Brimner.  Examples  of  the  compound  mcemctsie 
glands  are  the  salivar}'  glandB,  the  pancreas,  the  lu<fhrymal  glands  and  the 
mammary  glands. 

5.  Ductless^  or  hhod-glunds. — Examples  of  these  are  the  thjmufii,  the 
thyroid,  the  supra-renal  capsules  and  the  spleen. 

The  liver  is  a  glandular  organ  whit^h  can  not  l)e  placed  iu  any  o©e  of  the 
above  divisions*  The  lymphatic  glands  and  other  parts  connected  with  ihc 
lymphattc  and  the  lacteal  system  are  not  true  glandular  organs ;  and  tluete 
are  sometimes  called  conglobate  glands. 

The  general  structure  of  secreting  membranes  and  of  the  follicaUr 
glands  is  very  simple.  The  secreting  parts  consist  of  a  membrane,  gen- 
erally homogeneous,  covered  on  the  secreting  surface  with  epithelial  cells* 
Beneath  this  membrane,  ramify  the  blood-vessels  which  furnish  materials 
for  the  secretions.  The  follicular  glands  are  simply  digital  inrermons  of 
this  structure,  with  rounded,  blind  extremities,  the  epithelium  lining  the  fol- 
licles. 

The  tubular  glands  have  essentially  the  same  structure  as  the  folIiclca» 
except  that  the  tubes  are  long  and  are  more  or  less  convoluted.  The  more 
complex  of  these  organs  contain  connective  tissue,  blood-vessels,  nerves  and 
lymphatics. 

The  compound  racemose  glands  are  composed  of  branching  ducts,  around 
the  extremities  of  which  are  arranged  collections  of  rounded  follicles,  Uke 
bunches  of  grapes.  In  addition  to  the  epithelium,  basement -membrane  and 
blood-vessels,  these  orgiuis  contain  connective  tissue,  lymphatics,  noD*striatod 
muscular  fibres,  and  nerves.  In  tlie  simple  racemose  gUmds  the  excretory 
duct  does  not  branch. 

The  ductless  glands  contain  blooil* vessels,  lympliatics,  nenros,  sometimcfl 
non-striated  muscular  fibres,  and  a  peculiar  stnicture  called  pulp,  which  is 
composed  of  fluid  with  cells  and  occasionally  with  closed  vesicleSr  The« 
are  sometimes  culled  blcMxl-glands,  because  they  are  supposed  to  modify  the 
blood  as  it  passes  through  their  substance. 

The  testicles  and  the  ovaries  are  not  simply  glandular  organs;  for  in 
addition  to  the  production  of  mucous  or  watery  secretions,  their  principJ 
offict^  is  to  develop  certain  anatomical  elements,  the  spermatozoids  and  ibe 
ova.  The  physiology  of  these  organs  will  be  considered  in  connection  with 
the  physiology  of  generation, 

ClaHsifiraiion  of  the  Secreted  Fluids, — The  products  of  the  various  glands 
may  be  divided,  according  to  their  uses,  into  secretions  proper  and  excretions. 
Some  of  the  true  secretions  have  certain  mechanic^  uses,  and  some,  like 
mucus,  are  tlirowTi  off  in  small  quantity  without  being  actually  excremeii- 
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titions ;  while  others,  like  most  of  the  digestive  fluids^  are  produced  at  certain 
intervals  and  are  taken  up  again  by  the  blood. 
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Seeretiont  Proper, 

BjnorbL  SAtira. 

MuoiiSr  in  man  J  varieties. 

Setiaceoiis  matter. 

Cerumen,  the  waxy  secretion  of  the  external 

auditory  meatus. 
Meibomian  fluiJ. 
Milk  and  colostrum* 
Tears. 


FLUIDS. 


Gastric  juice. 
Pancreatic  juice. 

Secretion  of  the  glands  of  Brunner. 
Secretion  of  the  follicles  of  LieberkQhiu 
Secretion  of  the  follicles  of  the  large  intes- 
tine. 
Bile  (also  an  excretion). 


Perspiration  and  the  secretion  of  the  axilkry  |  L*rine. 

glands.  I  Bile  (also  a  secretion). 

Fluids  eontaining  Fortned  Anat4>mical  Element*. 
Seminal  fluid,  containing,  in  addition  to  spermatozoids^  the  secretions  of  a  number  of 

glandular  stnicturcfi. 
Fluid  of  the  Graafian  follicles. 

The  serous  cavities  are  now  regarded  aa  sacs  connected  with  the  h^m- 
phatic  system,  and  the  liquids  of  these  cavities  are  not  classed  with  the  secre- 
tions. 

Synovial  Membranes  and  St/novia, — Tlie  true  synovial  membranes  are 
found  in  the  diarthrodial,  or  movable  articulations;  but  in  various  parts  of 
the  body  are  found  closed  sties,  sheaths  etc.,  which  resemble  s}Tiovial  mem- 
branes both  in  structure  and  in  their  office.  Every  movable  joint  is  envel- 
oped in  a  capsule,  which  is  closely  adherent  to  the  edges  of  the  articular 
rartilage  and  is  even  reflected  u]»on  its  sui-face  for  a  short  distance ;  but  it  is 
now  the  general  opinion  that  the  eartihige  which  incrusts  the  articulating 
extremities  of  the  bones,  though  bathed  in  synovial  fluid,  is  not  itself  cov- 
ered by  a  distinct  membrane. 

The  fibrous  portion  of  the  s}Tiovial  membranes  is  dense  and  resisting.  It 
k  composed  of  ordinary  fibrons  tissue,  with  a  few  elastic  flhres,  and  blood- 
vessels. The  internal  sm-face  is  lined  with  small  cells  of  flattened  endothe- 
lium with  rather  large,  rounded  nuclei.  These  cells  exist  in  one,  two,  three 
or  sometimes  four  layers. 

In  most  of  the  joints,  especially  those  of  large  size,  as  the  knee  and  the 
hip,  the  s^Tiovial  membrane  is  throwTi  into  folds  which  contain  adipose  tis- 
Bue.  In  nearly  all  the  joints,  the  membrane  presents  fringed,  vascular  pro- 
cesses, called  synovial  fringes.  These  are  composed  of  looped  vessels  of  con- 
siderable sisse ;  and  when  injected  they  bear  a  certain  resemblance  to  the 
choroid  plexus.  The  edges  of  these  fringes  present  a  number  of  leaf -like, 
membranous  appendages,  of  a  great  variety  of  curious  forms.  They  are  gen- 
erally situated  near  the  attachnu'ut  of  the  membrane  to  the  curtilage. 

The  arrangement  of  the  synovial  bursje  is  very  simple.  AVherever  a  ten- 
don plays  over  a  bony  surface,  there  is  a  delicate  membrane  in  the  form  of 
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an  irregularly  shaped,  closed  sac,  one  layer  of  which  is  attached  to  the  ten- 
don, and  the  other,  to  the  bone*  These  sacs  are  lined  with  an  endotheliatn 
like  that  found  in  the  s}TioviaI  cavities,  and  they  secrete  a  true  synorial  fluid. 
Btirsae  are  elso  found  beneath  the  skin,  especially  in  parts  where  the  inter- 
ment moves  over  bony  prominences,  as  the  olecranon^  the  pateUa  and  thf 
tuberosities  of  the  ischium,  The^e  sacs,  sometimes  chilled  bursse  mucosae,  are 
much  more  common  in  man  than  in  the  inferior  animals,  and  they  haTeeswn* 
tially  the  same  uses  as  the  deep-seated  bursaB.  The  form  of  both  the  super- 
ficial and  deep'Seatcil  bursae  is  very  irregular,  and  their  interior  is  frequently 
traversed  by  small  bands  of  fibrous  tissue.  The  synovial  sheatha,  or  vagiiul 
processes,  line  the  canals  in  which  the  long  tendons  play,  particularly  the 
tendons  of  the  flexors  and  extensors  of  the  fingers  and  toes.  They  hat)^ 
essentially  the  same  structure  as  the  burs^,  and  present  two  layers,  one  ( 
which  lines  the  canal,  while  the  other  is  reflected  over  the  tendon.  The  ' 
cular  folds,  described  in  connection  with  the  articular  svnovial  fnembrau 
are  found  in  many  of  the  burs^e  and  the  sjmovial  sheaths. 

The  quantity  of  synovia  in  the  joints  is  sufficient  to  lubricate  freely  the 
articulating  surfaces.  In  a  horse  of  medium  size  and  in  good  condition, 
examined  immediately  after  death,  Colin  found  1*0  fluidrachm  (6  c,  c.)  in 
the  shoulder- join t ;  1-9  drachm  (7  c,  c.)  in  the  elbow-joint;  T 6  drachm  f 6 
c.  c.)  in  the  coxo-femoral  articulation ;  2*2  drachms  (8  c.  c.)  in  the  femoro* 
tibial  articulation;  and  I'D  drachm  (7  c.  c/)  in  the  tibio-tarsal  articulation. 

When  i>erfect!y  normal,  the  synovial  tluid  is  either  colorless  or  of  a  pale, 
yellowish  tinge.  It  is  so  viscid  that  it  is  with  difficulty  poured  from  one  ?ea- 
sei  into  another-  This  peculiar  character  is  due  to  the  presence  of  an  organic 
substance  called  synovine.  When  this  organic  matter  has  been  extracted 
and  mixeil  with  water,  it  gives  to  the  fluid  the  peculiar  viscidity  of  the  syno- 
vial secretion.  The  reaction  of  the  fluid  is  faintly  alkaline,  on  account  of  thf 
presence  of  a  small  proportion  of  sodium  carbonate.  The  fluid,  especialli 
when  the  joints  have  been  much  used,  usually  contains  in  suspension 
endothelial  cells  and  a  few  leucocytes.  According  to  Robin,  the  synovia  < 
the  human  subject  cnntaius  about  sixty-four  partes  per  thousand  of  organic 
matter,  with  sodium  chloride,  sodium  carbonate,  calcium  phosphate  and  am- 
monio-magnesian  phosphate. 

The  synovial  secretion  is  produced  by  the  general  surface  of  the  men 
brane  and  not  by  any  special  organs.    The  folds  and  fringes  which  have  been 
described  were  at  one  time  supposed  to  be  most  active  in  secreting  the  organ 
matter,  hut  there  is  no  evidence  that  they  have  any  such  special  office^ 

3fucouM  jWentbranes  mid  Mums, — A  distinct  anatomical  division  of  tli?" 
mucous  membranes?  may  be  made  into  two  classes ;  first,  those  provided  wit 
squamous  epithelium,  and  second,  those  provided  with  columnar  or  cone 
epithelium-    All  of  the  mucous  membmnes  line  cavities  or  tubes  communic 
ting  with  the  exterior  by  the  d liferent  openings  in  the  body. 

The  following  are  the  principal  situations   in  which   the   first 
of  mucous  membranes,  oovereii  with  sf|uamou8  epithelium,  is  found: 
mouth,  the  lower  part  of  the  pharpix,  the  oesophagus,  the  conjunctiva,  i 


MUCOUS  MEMBRANES  AND  MUCUS.  317 

female  urethra  and  the  vagina.  In  these  situations  the  membrane  is  com- 
posed of  a  chorion  made  up  of  inelastic  and  elastic  fibrous  tissue,  with  capil- 
laries, lymphatics  and  nerves.  The  elastic  fibres  are  small  and  quite  abun- 
dant The  membrane  itself  is  loosely  united  to  the  subjacent  parts.  The 
chorion  is  provided  with  vascular  papillae,  more  or  less  marked ;  but  in  all 
situations,  except  in  the  pharynx,  the  epithelial  covering  fills  up  the  spaces 
between  these  papill»,  so  that  the  membrane  presents  a  smooth  surface. 
Between  the  chorion  and  the  epithelium,  is  an  amorphous  basement-mem- 
brane. The  mucous  glands  open  upon  the  surface  of  the  membrane  by  their 
ducts,  but  the  glandular  structure  is  situated  in  the  submucous  tissue.  Certain 
of  these  glands  have  been  described  in  connection  with  the  anatomy  of  the 
mucous  membrane  of  the  mouth,  pharynx  and  oesophagus.  They  generally 
are  simple  racemose  glands,  presenting  a  collection  of  follicles  arranged  around 
the  extremity  of  a  single  excretory  duct,  and  lined  or  filled  with  rounded, 
nucleated  epithelium.  The  squamous  epithelium  covering  these  membranes 
exists  generally  in  several  layers  and  presents  great  variety,  both  in  form  and 
size.  The  most  superficial  layers  are  of  large  size,  flattened  and  irregularly 
polygonal.  The  deeper  layers  are  smaller  and  more  rounded.  The  size  of 
these  cells  is  ^^^  to  y^  of  an  inch  (10  to  83  fi).  The  cells  are  pale  and 
slightly  granular,  each  with  a  small,  ovoid  nucleus  and  one  or  two  nucleoli. 

The  second  variety  of  mucous  membranes,  covered  with  columnar  epi- 
thelium, is  found  lining  the  alimentary  canal  below  the  cardiac  orifice  of  the 
stomach,  the  biliary  passages,  the  excretory  ducts  of  all  the  glands,  the  nasal 
passages,  the  upper  part  of  the  pharynx,  the  uterus  and  Fallopian  tubes, 
the  bronchia,  the  Eustachian  tubes  and  the  male  urethra.  In  certain  situ- 
ations this  variety  of  epithelium  is  provided  on  its  free  surface  with  little 
hair-like  processes  called  cilia.  During  life  the  cilia  are  in  constant  motion, 
producing  a  current  generally  in  the  direction  of  the  mucous  orifices.  Ciliated 
epithelium  is  found  throughout  the  nasal  pjvssages,  beginning  about  three- 
quarters  of  an  inch  (19*1  mm.)  within  the  nose;  in  the  upper  part  of  the 
pharynx ;  the  posterior  surface  of  the  soft  palate ;  the  Eustachian  tube ;  the 
tympanic  cavity ;  the  larynx,  trachea,  and  bronchial  tubes,  until  they  become 
less  than -g^  of  an  inch  (0*5  mm.)  in  diameter;  the  neck  and  body  of  the 
uterus;  the  Fallopian  tubes;  the  internal  surface  of  the  eyelids;  and  the 
ventricles  of  the  brain.  Mucous  membranes  of  this  variety  are  formed  of  a 
chorion,  a  basement-membrane  and  epithelium.  The  chorion  is  composed  of 
inelastic  and  elastic  fibres,  a  few  non-striated  muscular  fibres,  amorphous  mat- 
ter, blood-vessels,  nerves  and  lymphatics.  It  is  less  dense  and  less  elastic 
than  the  chorion  of  the  first  variety  and  generally  is  more  closely  united  to 
the  subjacent  tissue.  The  surface  of  these  membranes  is  generally  smooth, 
the  only  exception  being  the  mucous  membrane  of  the  pyloric  portion  of  the 
stomach  and  the  small  intestines.  These  membranes  are  provided  with  fol- 
licular glands,  extending  through  their  entire  thickness  and  terminating  in 
rounded  extremities,  sometimes  single  and  sometimes  double,  which  rest  upon 
the  submucous  structure.  Many  of  them  are  provided  also  with  simple  race- 
mose glands,  the  ducts  passing  through  the  membrane,  and  the  glandular 
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stmctui-e  being  situated  in  the  submucous  areolar  tissue.    The  colamnaf  epj* 
theliiim  covering  these  membranes  rests  upon  an  amorphous  struetun^  r^W 
biisement- membrane.     The  epithelium  generally  presents  but  few  lavere,anci 
sometimes,  as  in  the  intestinal  canal,  there  is  only  a  single  layer.    The  c^Di 
are  prismoidal,  \*ith  a  large,  free  extremity,  and  a  pointe^d  end  whieh  in  nU 
taehed.     The  cells  of  the  lower  strata  are  shorter  and  more  roundeci  tlmn 
those  in  the  superficial  layer*    The  cells  are  pale  and  very  closely  adhertnt 
to  each  other  by  their  sides,  each  with  a  moderate-sized,  oval  nucleus  and  tmr 
or  two  nucleoli.    The  length  of  the  cells  is  ^^  to  j^  of  an  inch  (30  to  -My), 
and  their  diameter,  ^-^Vir  ^^  rsW  <^'f  ^^  inch  (8  to  10  /t).     When  vilhieitki 
exist  on  the  surface  of  the  membranes,  the  cells  follow  the  elevations  and  do 
not  fill  up  the  spaces  between  them,  as  in  most  uf  the  membranes  t*overrf 
with  squamous  epithelium. 

The  mucous  membrane  of  the  urinary  bladder,  of  the  ureters  and  of  the 
pelvis  of  the  kidneys  can  not  be  classed  in  either  of  the  above  divisions.  In 
these  situations  the  membrane  is  covered  with  mixed  epithelium,  presenting 
all  varieties  of  form  between  the  squamous  and  the  columnur,  some  nt  th<; 
cells  being  caudate  and  quite  irregukr  in  shape. 

Mechanism  of  the  Srcrviion  of  Mucus. — ^Xearly  every  one  of  tiic  many 
fluids  known  under  the  name  of  mucus  is  composed  of  the  products  of  «f* 
eral  different  glandular  structures.  Certain  membranes  which  do  not  postern 
glands,  as  the  mucous  lining  of  the  ureters  and  of  a  great  portion  of  the 
urinary  bladder,  are  capable  of  secreting  mucus.  The  mucous  membrane  c»f 
the  stoma<jh  produces  an  alkaline,  viscid  secretion,  during  the  intervals  of  di* 
gestion,  when  the  gastric  glands  do  not  act ;  and  the  gastric  glands,  during 
digestion,  secrete  a  duid  of  an  entirely  dilferent  character.  Tlie  fluid  pro- 
duced by  the  follicles  of  the  small  intestine  likewise  has  peculiar  digest  ire 
properties.  These  considerations  and  the  fact  that  the  entire  extent  of  the 
mucous  membranes  is  covered  >iith  more  or  less  secretion  show  that  tlie  gen- 
eral epithelial  covering  of  these  membranes  is  capable  of  secreting  a  fluid 
which  forms  one  of  the  constituents  of  what  is  ordinarily  recognized  as 
mucus.  It  is  imjwssible,  however,  to  sepanite  the  secretion  of  the  superficial 
layer  of  cells  from  the  other  fluids  that  are  found  on  the  mucous  membranes; 
and  it  will  be  more  convenient  to  regard  as  mucus,  the  secretion  which  is 
found  upon  mucous  membranes,  except  when,  as  in  tlie  case  of  the  gastric  or 
the  intestinal  juice,  a  special  fluid  can  be  recognized  by  certain  distinctive 
physiological  proj>erties. 

In  the  membranes  covered  with  columnar  epithelium,  which  are  usually 
provided  with  simple  follicles,  the  secretion  is  produced  mainly  by  these  fol- 
licles, but  in  part  by  the  epithelium  covering  the  general  surface.  The 
membranes  covered  with  squamous  epithelium  usually  contain  but  few  folli- 
cles and  are  provided  with  simple  racemose  glands  situated  in  the  submucotu 
structure,  which  are  to  be  reganleil  as  appendages  to  the  membrane.  The 
secretion  is  here  protluced  by  tlie  epithelium  on  the  free  surface  and  is 
always  mixed  with  fluids  resulting  from  the  action  of  the  mucous  glands. 

There  is  nothing  to  be  said  with  regard  to  the  mechanism  of  the  sern>- 
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tion  of  macns  in  addition  to  what  has  already  been  stated  in  connection  wi|;h 
the  general  mechanism  of  secretion.  All  the  mncons  membranes  are  quite 
Tascular,  and  the  cells  covering  the  membrane  and  lining  the  follicles  and 
glands  attached  to  it  have  the  property  of  taking  from  the  blood  the  materi- 
als necessary  for  the  formation  of  the  secretion.  These  matters  pass  out  of 
the  cells  upon  the  surface  of "  the  membrane,  in  connection  with  wateir  and 
inorganic  salts  in  variable  proportions.  Many  of  the  cells  themselves  are 
thrown  off  and  are  found  in  the  secretion,  together  with  a  few  leucocytes, 
which  latter  are  produced  upon  mucous  surfaces  with  great  facility. 

Composition  and  Varieties  of  Mucus. — All  the  varieties  of  mucus  are  more 
or  less  viscid ;  but  this  character  is  very  variable  in  the  secretions  from  differ- 
ent membranes,  in  some  of  them  the  secretion  being  quite  fluid,  and  in  others, 
almost  semi-solid.  The  different  kinds  of  mucus  vary  considerably  in  gen- 
eral appearance.  Some  of  them  are  perfectly  clear  and  colorless ;  but  the 
secretion  is  generally  grayish  and  semi-transparent.  Examined  by  the  mi- 
croscope, in  addition  to  the  mixture  of  epithelium  and  the  occasional  leuco- 
cytes, which  give  to  the  fluid  its  semi-opaque  character,  the  mass  of  the  secre- 
tion presents  a  very  finely  striated  appearance,  as  though  it  were  composed 
of  thin  layers  of  nearly  transparent  substance  with  many  folds.  These  deli- 
cate striae  do  not  usually  interlace  with  each  other,  and  they  are  rendered 
more  distinct  by  the  action  of  acetic  acid.  This  appearance,  with  the  pecul- 
iar effect  of  the  acid,  is  characteristic  of  mucus.  Some  varieties  of  mucus 
present  very  fine,  pale  granulations  and  a  few  small  globules  of  oil. 

On  the  addition  of  water,  mucus  is  somewhat  swollen  but  is  not  dissolved. 
An  exception  to  this  is  the  secretion  of  the  conjunctival  mucous  membrane, 
which  is  coaguhited  on  the  addition  of  water.  As  a  rule  the  reaction  of 
mucus  is  alkaline ;  the  only  exception  to  this  being  the  vaginal  mucus, 
which  is  very  fluid  and  is  distinctly  acid. 

It  is  difficult  to  get  an  exact  idea  of  the  composition  of  normal  mucus, 
from  the  fact  that  the  quantity  secreted  by  the  membranes  in  their  natural 
condition  is  very  small,  being  just  sufficient  to  lubricate  their  surface.  All 
yarieties,  however,  contain  a  peculiar  organic  matter,  called  mucine,  which 
gives  to  the  fluid  its  peculiar  viscidity.  They  likewise  present  a  consid- 
erable variety  of  inorganic  salts,  as  sodium  chloride,  potassium  chloride, 
alkaline  lactates,  sodium  carbonate,  calcium  phosphate,  a  small  propor- 
tion of  the  sulphates,  and  in  some  varieties,  traces  of  iron  and  of  silica.  Of 
all  these  constituents,  mucine  is  the  most  imjiortant,  as  it  gives  to  the 
secretion  its  characteristic  properties.  Like  all  other  organic  nitrogenized 
substances,  mucine  is  coagulable  by  various  reagents.  It  is  imperfectly  coag- 
ulated by  heat ;  and  after  desiccation  it  can  be  made  to  assume  its  peculiar 
consistence  by  the  addition  of  a  small  quantity  of  water.  It  is  coagulated 
by  acetic  acid  and  by  a  small  quantity  of  the  strong  mineral  acids,  being 
redissolved  in  an  excess  of  the  latter.  It  is  also  coagulated  by  strong  alcohol, 
forming  a  fibrinous  clot  soluble  in  hot  and  cold  water.  Mucine  may  bo 
readily  isolated  by  adding  water  to  a  specimen  of  normal  mucus,  filtering, 
and  precipitating  with  an  excess  of  alcohol.     If  this  precipitate,  after  having 
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been  drieil,  }n  exposed  to  water,  it  assumes  the  viscid  condfitonoe  peecdkr  ta 
mucine.  Thiii  property  serves  to  distinguish  it  from  albumen  and  othCT  or- 
gauic  nitrogenized  matters. 

General  Uses  of  Mucus, — ^The  smooth,  vbcid  and  adhesive  character  of 
mucus,  farming,  as  this  fluid  doos,  a  coating  for  the  mucous  membraDB, 
serves  to  protect  these  parts,  enables  their  surfaces  to  move  freely  one  qjkiil 
the  other,  and  modifies  to  a  certain  extent  the  process  of  absorption.     Aside 
from  these  mechanical  uses,  it  has  been  shown  that  mucus,  in  con' - 
witii  the  epithelial  covering  of  the  mucous  membranes,  is  capable  of  jn 
ing  the  absorption  of  certain  substances.     It  is  well  knovm,  for  exa  ii   . 
that  venoms   may  be  applied   with  impunity  to  certain  mucous  gurfiii:e.*, 
wliile  they  produce  poisonous  effects  if  introduced  into  the  circuktifin. 
These  agents  are  not  neutralized  by  the  secretions  of  the  parts,  for  tbt'T 
will  produce  their  characteristic  effects  upon  the  system  when  removed  from 
the  mucous  surfaces  and  introiluced  into  the  circulation ;  and  it  is  reasonable 
to  suppose  that  the  mucous  membranes  are  ciipable  of  re-sisting  their  absorp- 
tion.    This  faot  is  ilhistrated  by  the  following  experiment : 

Let  an  endosmometer  be  constructed,  using  a  fresh  mucous  meinbmne,  an 
the  surface  of  which  the  epithelium  and  layer  of  mucus  remain  intact,  aod 
in  the  interior  of  the  apparatus,  place  a  saccharine  solution  and  let  the  mem* 
brane  be  exposed  to  a  solution  containing  some  venomous  fluid.  The  liquid 
will  mount  iu  the  interior  of  the  apparatus,  but  the  poison  will  not  pene- 
trate the  membrane.  If  the  mucus  and  epithelium  be  now  removed 
with  the  finger-nail  from  even  a  small  portion  of  the  membrane,  the  poiam 
will  immediately  pass  through  that  part  of  the  membrane,  and  an  animil 
may  be  killed  with  the  fluid  which  now  penetrates  into  the  interior  of  tha 
endosmometer  (Robin), 

These  facts  show  that  mucus  is  an  important  secretion.  It  nut  ♦•tiiy  u^ 
a  useful  mechanical  othce,  but  it  is  in  all  probability  closely  connected  with 
some  of  the  phenomena  of  elective  absorption  which  are  so  often  observed, 
particularly  in  the  alimentary  c4inaL 

Physiological  Anatomy  of  the  Sebacmus^  Ceruminous  and  Jfeibomiati 
Glands.^--T\ie  true  sebaceous  glands  are  found  in  all  part^  of  the  skin  th^ 
are  pro^^ided  with  hair;  and  as  nearly  every  part  of  the  general  surface  pfB^ 
gents  either  the  long,  the  short  or  the  downy  hairs,  these  glands  are  i«y 
generally  distributed.  They  exist,  indeed,  in  greater  or  less  numbereinall 
parts  of  the  skin,  except  the  palms  of  the  hands  and  the  soles  of  the  feeL 
In  the  labia  minora  in  the  female,  and  in  portions  of  the  prepuce  and  glani 
penis  of  the  male,  parts  not  provided  with  hair,  small,  racemose  sebaoeoo^ 
glands  are  found,  which  produce  secretions  differing  somewhat  from  that 
formed  by  the  ordinary  glands.  The  glands  in  the  areola  of  the  nipple  in 
the  female  are  very  large  and  are  connected  with  small,  downy  hairs. 

Nearly  all  of  the  sebaceous  glands  are  either  simple  racemose  glands,  that 
is,  presenting  a  number  of  follicles  connected  with  a  single  excretory  duct,  or 
compound  racemose  glands,  presenting  several  ducts,  with  their  follicles, 
opening  by  a  common  tube.    Although  there  is  this  variation  in  tlie  size  ami 
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^ement  of  the  glands  of  the  general  surface,  they  secrete  essentially  the 
le  fluid,  and  their  anatomical  ditferences  coDBist  simply  in  a  multiplication 
follicles. 

The  differences  in  the  size  of  the  sehaoeous  glands  bear  a  t'orfiiin  relation 
"to  the  sia©  of  the  hairs  with  which  they  are  connected;  and  as  u  rulu^  the 
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Fio.  W.—Sebaceoug  gland »  fSappey). 
i  nuUinpfitary  form :  I,  mdrnientar)-  hair- follicle  ;  %  flow-ny  hair  \  3,  simple  scba- 


''Velop?d  t  1,  halr-foHK^l^  ;  2.  s^fmple  a*»l>iioo<"nis  folUcle. 
»  folJirlt-*^ ;  i,  hair  fullicle  :  J,  sim|)]e  ftillicle  ;  3,  follicle  Imperfectly  dlFidnwl. 

i«> ;  U.  Ifibiilr  with  rhi-^t*  foUifles  :  3,  l<ihul«*  wiith  four  folLiclfHt, 
.ir'f<.>lliiH»^ :  H,  %  tii^t  inbule  ;  3,  seccmd  lobuJe  ;  4,  4,  thh'd  lobule  ;  \ 
__  •  Willi  a  huir  inHJiKiupthrnuph  It. 

igiikixl  w  lUi  fmiji  luhult-s ;  i,  Imir-folliele  ;  2, 2,  first  lobuJe ;  \  second  Jobide  ;  4.  tliird  lobule ;  6,  fourth 
loliuW ;  6,  eJcertJtury  iluct. 

gest  glands  are  connected  with  the  small,  downy  hairs.    These  distinctions 

in  size  are  so  marked,  that  the  glands  may  ho  divided  into  two  dasses;  \iz,^ 

those  connected  with  the  long  huirs  of  the  head,  face,  chest,  axiOa  and  geni- 

organs  and  with  the  coarse>  short  hairs,  and  those  connected  with  the 

,e,  downy  hairs. 

The  glands  connected  with  the  larger  hair-folltnles  are  of  tlie  simple  race- 
ose  variety  and  are  y^  to  ^i^^  of  an  inch  (0*21  to  0-64  mm.)  in  diameter. 
wo  to  five  of  these  glands  are  generally  fonnd  arranged  around  eaeh  hair- 
Uicle.     They  discharge  their  secretion  at  about  the  junction  of  the  upper 
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third  witli  the  lower  two-thirds  of  the  hair-follicle.  The  follicles  of  the  loc^ 
hairs  of  the  sciilp  are  generally  provided  each  with  a  pair  of  eebaceous  glmtis^ 
measuring  rlfftoi,ij  of  an  inoh  {(r^i  to  0-34  mm,)  in  diainet4?r-  EiieircUn? 
the  hairs  of  the  beard,  the  cheet^  axiHa  and  genital  organs,  are  largi*  glaB*K 
some  of  them  ^  of  an  inch  (0-64  nun.)  in  diameter,  arranged  in  gwnim  *i 
four  to  eight. 

The  glands  connected  with  the  folliele^  of  the  gmall^  downy  hairs  are  fo 
large,  as  compared  with  the  hair^folliclee,  that  the  latter  eeem  rather  2a  ap- 
pendages to  the  glandular  stnictiires.  These  glands  are  of  the  oompoaikl 
racemose  variety  and  present  sometimes  as  many  ajs  fifteen  vuh-de-nac.  The 
largest  are  found  on  the  nose,  tlie  ear,  the  curuncula  lachrvmalis,  the  peas 
and  the  areola  of  the  nipple,  where  ther  measure  ^^  to  ^  of  an  inch  (i>51 
to  21  mm,).  The  glands  connected  witA  the  downy  hairs  of  other  parts 
usually  are  smaller.  The  glands  of  Tyson,  situated  upon  the  corona  uid 
cervix  of  the  glans  penis,  are  sebaceoua  glands  of  the  compound  meemoee 
variety* 

The  minute  structure  of  the  sebaceous  glands  is  very  simple.  The  folli- 
clejs  which  compose  the  simple  glands  and  the  follicular  terminations  of  the 
simple  and  compound  racemose  glands  are  formed  of  a  delicate,  stnictureba 
or  slightly  gnin tdar  membrane,  with  an  external  layer  of  inelastic  and  smaU 
elastic  iibres,  and  arc  lined  by  cells.  Next  the  menibntne,  the  celU  are  p<Jf* 
hedric,  pide  and  granular,  moat  of  them  presenting  a  nucleus  and  a  nucle- 
olus; but  the  follicle 
itself  contiiins  fnUy 
granules  and  the  other 
eonstitueuta  of  Xlw 
sebaceous  matter,  with 
rells  tilled  with  fattj 
:  I  rt ides.  These  celli 
>4iund  in  the  eeba- 
<»os  matter  as  it  Is 
dischargeil  from  Xhft 
duct.  The  1  iTK 

tity  of  fat  I  ^^% 

and    globules    foand 
in  the  ducts  and  fol- 
licles of  the  sebaceous 
glands  renders  them 
dark  and  opaque  when 
examined    with    the 
microscope  by  trans- 
mitted light,  and  their 
appeanvnc^e    is    quite 
distinctive.     The  larger  glamis  are  surrounded  with  CHpiihtr\^  blood-Tessds. 
The  ceruminous  glands  province  a  secretion  resembling  the  sebftceom 
matter  in  many  regards,  but  in  their  anatomy  they  are  almost  identical  with 


/ 


/ 
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the  sudoriparous  glands.  They  belong  to  the  vanety  of  glands  called  tubu- 
lar, and  they  consist  of  a  nearly  straight  tube  which  jwiietrates  the  skin,  and 
m  rountied  or  ovoid  coil  situated  in  the  sulxmtaneous  structure.  These  glands 
are  found  only  in  the  cartilaginous  portion  of  the  external  auditory  raeatus, 
where  they  exist  in  great  numbers. 

The  duQis  of  the  ceruminous  glands  are  short  and  nearly  straight,  sim- 
ply penetrating  the  different  layers  of  the  skin,  and  are  ^j^J^  to  yj^  of  an 
inch  (30  Uy  50  ft)  in  diameter.  Their  openings  are  rounded  and  about 
y4ti  of  an  inch  (93  (a)  in  diameter.  They  sometimes  terminate  in  the  upper 
part  of  one^  of  the  hair-follicles.  They  present  an  external  coat  of  fibrous 
tissue  and  ar©  lined  with  several  layers  of  small,  pale,  uucleateil  epitlielial 
cells. 

The  glandular  coil  is  an  ovoid  or  rounded,  bi^ownish  mass,  |-}ir  ^  «V  *^**  A 

of  an  inch  (0*21  to  (^51  or  1-6  ram.)  in  diameter.     It  is  simply  a  convoluted 

tube,  continuous  with  the  excretory  duct  and  terminating  in  a  somewhat 

dilated,  rounded  extremity.    It  occasionally  presents  email,  lateral  protru- 

lions.     The  diameter  of  the  tube  is  ^J^  to  j\jf  of  an  iiich  (83  to  lUO  ;*).     It 

MS  a  fibrous  coat^  with  a  longitudinal 

Ijiyerof  non-striated  muscular  fibres,  and 

externally  a   few  elastic  fibres.     It  is 

ne^i   by  a   single    layer  of   irregularly 

^polygomd  ceils,  whicli  are  y^  to  ^^^^ 

if  an  inch  (12  to  20  ft)  in  diameter. 

hese  cells  contain  a  number  of  brown- 

ii  or  yelhiwish   pigmentary  granules. 

he  lube  forming  the  gland  contains  a 

ilear  fluid  mixed  with  a  gmnulur  sub- 

;t&n<'c  containing  cells. 

lu  addition  to  the  ceruminous  glands, 
us  follicles  are  found  connected 
the  h*jiir-folHcle3,     The  arrange- 
ent  of  the  ordinary  sebaceous  glands 
ind  the  ceruminous  glands,  whicli  are 
tuated  in  different  planes  in  the  subcu- 
iieous  structure,  is  shown  in  Fig.  100. 
The  Meibomian   glands  have  essen- 
tinlly  the  same  structure  as  the  ordinary 
ba**eous  glarvds.     Thoi  r  d  acts,  however, 
longer,   and   the   terminal  follicles 


Fio.  101, — Mi'ifMtmitin  tjUtml*  ttf  the  ujtftr'f  lid  i, 


marjni/ied  7  dtnmeUrm  <Siipf»ey). 

arranged  in  a  pecnliar  manner  by  ''''Xri::^r^>y\i'^.'^yU^-:a:'^^. 

the  MinUniiiAU 
>iHfiii#-(v  lit  ihe 

MOW* 

lurid  i 


le  fiidoa  of  the  tubes  along  their  entire 
ngth.     These  glands  are  situated  part- 
in  the  substance  of  the  tarsal  carti- 
between  their  posterior  snrfaces 
and  the  conjunctival  mucous  membrane. 


or  lip.  with  tht"  otK^niiijifs  of  the 


Iflaivis 
8,  ft  luwi 


They  arc  piucea  at  right  angles  to 


the  free  bonier  of  the  eyelids,  opening  upon  the  inner  e4ge  and  occup\'ing 


324 


SECRETION. 


the  entire  width  of  the  cartilages.    Twenty-fire  to  thirty  glands  are  fooBd  m 
the  npper  lid,  and  twenty  to  twenty-five,  in  the  lower  lid. 

Each  Meil>omian  gland  consists  of  a  nearly  straight  eiceretory  dnct,  j^  h* 
^-|^  of  an  inch  (83  to  1CH>  /a)  in  diameter,  communicating  laterally  ikitb  i^oni- 
pound  nieemose  acinic  or  collections  of  follicles,  measuring  yj-^^  to  j\j  of  an 
inch  (83  to  2(K\  /*).  Fifteen  or  twenty  of  these  collections  of  foIUcIcs  tn? 
found  on  either  side  of  the  duct  in  glands  of  medium  length.  Most  of  the 
excretory  ducts  are  nearly  straight,  but  gome  are  turned  upon  themselrt* 
near  their  upper  extremity.  The  general  arrangement  of  tha>e  dan^I?  L<i 
ahown  in  Fig.  101. 

In  general  structure  there  is  little  if  any  difference  btr 
follicles  of  the  Meibomian  glands  and  the  follicle*  of  the 
glands.     They  are  lined  with  cells  j^^  to  j^^  of  an  inch  (10  to  ^^)\ 
diameter.     The  cells  contain  fatty  globules,  but  these  do  not  coalesoe 
hirge  drops,  such  as  are  often  seen  in  the  ordinary  sebaceous  cells.     The  fo 
desand  ducts  are  filled  with  the  whitish,  oleaginous  matter  which  ooitstv- 
tutes  the  Meibomian  secretion,  or  the  sebum  pali>ebrale. 

In  addition  to  the  Meibomian  secretion,  the  e<iges  of  the  palpebral  orifirp 
receive  a  small  quantity  of  secretion  from  ordinary  Bebacei»us  glands  of  the 
compound  racemose  variety  (ciliary  glands^),  which  are  appended  in  pairs  to 
each  of  the  follicles  of  the  eyelashes,  and  from  the  sebaceous  glands  allaciii4 
to  the  small  hairs  of  the  caruncula  lachrymal  is. 

Ordinary  Sebaceous  Matter. — Although  it  may  be  inferred,  from  the 
great  number  of  sebaceous  glands  opening  upon  the  cutaneous  sorSMsei,  that 
the  amount  of  sebaceous  matter  must  l>e  considerable,  it  ha^  been  imposabl^ 
to  eoUect  the  normal  fluid  in  quantity  suflicient  for  ultimate  analysia.  la 
some  parta,  as  the  skin  of  the  nose,  where  the  glands  are  particularlj  abim- 
dantf  a  certain  quantity  of  oily  secretion  is  sometimes  obaerred^ giving  to  the 
surface  a  greasy,  glistening  aspect.  This  may  be  absorbed  by  paper,  givini; 
it  the  well  known  appearance  produced  by  oily  matters,  and  it  may  be  col- 
lected in  small  quantity  upon  a  glass  slide  and  examined  microscopically.  It 
then  presents  a  number  of  strongly  refracting  fatty  globuless,  with  a  few 
epithelial  cells*  The  c^lls^  however,  are  not  abundant  in  the  fluid  as  it  is 
discharged  upon  the  general  surface ;  but  if  the  contents  of  the  ducts  and 
follicles  be  examined,  cells  will  here  be  found  in  great  number.  Most  of  the 
cells,  indeed,  remain  in  the  glands,  and  the  oily  matter  only  is  dtseharged. 
The  objec^t  of  this  secretion  is  to  lubricate  the  general  cutaneous  surface  and 
to  give  to  the  hairs  that  softuess  which  is  characteristic  of  them  when  in  a 
perfectly  healthy  condition. 

The  chemical  constituents  of  the  sebaceous  matter  are  largely  fatty, 
an  analysis  made  by  Lutz^  in  a  case  of  general  hypertropliy  of  the 
ceous  system,  the  proportion  of  water  was  only  357  part^  per  1000, 
solid  matters  consisted  of  oleine,  270  parts,  pal  mi  tine,  135  lyarts^ 
matter,  129  parts,  gelatine,  87  parts,  a  little  albumen,  butyric  acid  and 
dium  butyrate,  with  so4ium  phosphate,  sodium  chloride,  sodium  sulph 
and  tracer  of  calcium  phosphate.     Chulesterine,  which  is  present   so 
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qnently  in  the  contents  of  sebaceous  cysts,  does  not  exist  in  the  normal  se- 
cretion. 

Dnring  the  later  mouths  of  pregnancy  and  during  lactation,  the  sebaceoum 
glands  of  the  areola  of  the  nipple  Income  considerably  distended  with  a 
gn*yish-whit<%  opafjue  secretion,  eontuining  oily  globules  and  grannie.'?.  Fre- 
quently the  tluid  contains  also  a  large  number  of  epitheliai  cells.  During  the 
periods  above  indicated,  the  secretion  here  is  always  much  more  abundant 
than  in  the  ordinary  sebaceous  glands* 

Smegma  of  the  Prepuce  and  of  the  Labia  Minora. — In  the  folds  of  the 
prepuce  of  the  male  and  on  tbe  inner  surface  and  foldas  of  the  labia  minora 
in  the  female,  a  small  c|uiintity  of  a  whitish,  grumous  matter,  of  a  ebeesy 
consistence.  Is  sometimes  found,  particularly  wbcn  proper  attention  is  not 
paid  to  cleanliness.  The  matter  which  thus  collects  in  the  folds  of  the  pre- 
puce has  really  little  analogy  witli  the  ordinary  sebaceous  secretion.  Exami- 
nation with  the  microscope  shows  that  it  is  composed  almost  entirely  of 
irregular  scales  of  epithelium,  which  do  not  present  the  fatty  granules  and 
globules  usually  observed  in  tlie  cells  derived  from  the  sebaceous  glands. 
The  proiJnction  of  this  substance  is  probably  independent  of  the  secretion  of 
sebaceous  matter,  as  it  is  formed  chiefly  in  parts  of  the  prepuce  in  which  the 
sebaceous  glands  are  wanting. 

The  smegma  of  the  labia  minora  is  of  the  same  character  as  the  smegma 
preputiale;  but  it  contains  drops  of  oil  and  the  other  products  of  the  seba- 
ceous glands  found  in  these  parts. 

Verniz  Caseosa,—*\lh%  surface  of  the  foetus  at  birth  and  near  the  end  of 
aterogestation  is  genenUly  covered  with  a  whitish  coating,  or  sraegma,  called 
the  vernix  caseosa,  Thi.s  is  most  abundant  in  the  folds  of  the  skin  ;  but  it 
usually  covers  the  entire  surface  with  a  coating  of  greater  or  less  thickness 
and  of  about  the  consistence  of  lard.  There  are  great  differences  in  foetuses 
at  term  tis  regards  the  quantity  of  the  vernix  caseosii,  In  some  the  coating 
is  so  slight  that  it  is  observed  only  on  close  inspection.  There  are  few  analy- 
ses which  give  jiccurately  the  cliemical  composition  of  this  substance ;  and 
the  best  idea  of  its  constitution  and  mode  of  formation  can  be  formed  from 
microscopical  examinations.  If  a  small  quantity  be  scmped  from  the  surface 
and  be  spread  out  upon  a  glass  slide  with  a  little  glycerine  and  water,  it  will 
be  found  on  microscopical  examination,  to  consist  of  a  large  number  of  epi- 
thelial cells  with  a  \ery  few  small,  fatty  granules.  These  cells,  after  dcsiccji- 
tion,  constitute  about  ten  per  cent,  of  the  entire  mass.  The  fatty  granula- 
tions are  very  few  and  do  not  seem  to  be  necessary  constituents  of  the  vernix, 
as  they  are  of  the  sebaceous  matter.  In  fact,  the  vernix  caseoM  must  be  re- 
garded as  the  residue  of  tlie  secretion  of  the  sebaceous  glands,  rather  than 
an  accumulation  of  true  sebaceous  matter. 

The  office  of  the  veraix  caseosa  is  undoubtedly  protective.  In  making  a 
microscopical  preparation  of  the  cells  with  water,  it  becomes  evident  that 
the  coating  is  penetrated  by  the  liquid  with  very  great  difficulty,  even  when 
mixed  with  it  as  thoroughly  as  possible.  The  protecting  coat  of  vernix  cas- 
eosa allows  the  skin  to  perform  its  oflSce  in  utero,  and  at  birth,  w^hen  this 
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coating  lb  removed,  the  surface  is  found  in  a  condition  perfectir  adqited  te 
extrauterine  existence.  It  is  not  probable  that  the  remix  caseosa  is  neoeoft- 
ry  to  facilitate  tlie  }mssage  of  the  child  into  the  world,  for  the  parts  of  iht 
mother  are  always  sufficiently  lubricated  with  macous  secretion* 

Cerumen. — A  peculiar  substance  of  a  w^axy  consistence  i^  secreted  h  ' 
glandjs  that  have  been  described  in  the  external  auditor}'  meatuj^  und^ 
name  of  ceruniinuus  glands,  mixed  with  the  secretion  of  sebaceous  glaniti 
coniiect€Ki  with  the  short  hairs  in  this  situation-  It  is  difficult  to  aseeruin 
what  share  these  two  sets  of  glands  have  in  the  formation  of  the  oeramefL 
According  to  Robin,  the  waxy  portion  of  the  secretion  is  produced  entippW  by 
the  sebaceous  glands,  and  the  convoluted  glands,  commonJy  known  as  the  ce- 
ruminous  glands,  produce  a  secretion  like  the  perspiration.  This  view  ia  t<» 
a  certiiin  extent  reasonable;  for  the  sebaceous  matter  is  not  removed  from 
the  meatus  by  friction,  as  in  other  situations,  and  would  have  a  imtaml  tea- 
dency  to  accumulate;  but  the  contents  of  the  ducts  of  the  cerominoii^ 
glands  differ  materially  from  the  fluid  found  in  the  ducts  of  the  ordinary 
sudoriparous  glands,  containing  granules  and  fatty  globules  such  as  exist  in 
the  cerumen.  Although  tha  glands  of  the  ear  are  analogous  in  strocttine, 
and  to  a  certain  ext^^nt,  in  the  character  of  their  sec:retion,  to  the  sudoripa- 
rous glands,  the  fluid  which  they  produce  is  peculiar.  The  perspiratorv 
glands  of  the  axilla  and  of  some  other  parts  also  produce  secretions  differing 
somewhat  from  onlinary  perspiration.  As  far  as  can  be  ascertained,  the  eer- 
nmen  is  produced  by  both  sets  of  glands.  The  sebaceous  glands  attached  to 
the  hair-foUicles  probably  secrete  most  of  the  oleaginous  and  waxy  matter, 
while  the  so-called  ceruminous  glands  produce  a  secretion  of  much  greater 
fluidity,  but  containing  a  certain  quantity  of  granular  and  fatty  matter. 

The  consistence  and  general  appearance  of  cerumen  are  quite  Tangible 
within  the  limits  of  health*  When  first  secreted,  it  is  of  a  yellow  ish  color 
and  about  the  consistence  of  honey,  becoming  darkcT  and  much  more  Tiseid 
u^mn  exposure  to  the  air.  It  has  a  \'ery  decided  and  bitter  taste.  It  readily 
forms  a  sort  of  emulsive  mixture  with  water. 

Examined  microscopically,  the  cerumen  is  found  to  contain  semi-solid, 
dark  granulations  of  an  iiTegularly  polyhedric  shape,  with  epithelium  from  the 
sebaceous  glands,  and  epidermic  se^le^s,  botli  isolated  and  in  layers*  Some- 
times, also,  a  few  crystals  of  cholesterine  are  found* 

Chemical  examination  shows  that  the  cerumen  is  composed  of  oily  mat- 
ters fusible  at  a  low  temperature,  a  peculiar  organic  matt4?r  resembling 
mucine,  with  sodium  salts  and  a  certain  quantity  of  calcium  phosphate. 
The  yeDow  coloring  matter  is  soluble  in  alcohol ;  and  the  residue  after  evaj>- 
oration  of  the  alcohol  is  very  soluble  in  water  and  may  be  precipitated  fn»ni 
its  watery  solution  by  neutral  lead  acetate  or  tin  chloride.  This  extract  luta 
a  very  bitter  taste. 

The  cerumen  lubricates  the  extenial  meatus,  accumulating  in  the  cuud 
aroimd  the  hairs.  Its  peculiar  bitter  taste  is  supposed  to  be  useful  in  prevent- 
ing the  entrance  of  insects. 

Jfeib&mian  Secreiion. — Very  little  is  known  concerning  any  8i>ecial  prop- 
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ertiesof  the  Meibomian  fluid,  except  that  it  mixes  in  the  form  of  an  emulsion 
with  water  more  readily  than  the  other  sebaceous  secretions.  It  is  produced 
in  small  quantity,  mixed  with  mucus  and  the  secretion  from  the  ordinary  se- 
baceous glands  attached  to  the  eyelashes  and  the  glands  of  the  caruncula 
lachrymalis,  and  smears  the  edges  of  the  palpebral  orifice.  This  oily  coating 
on  the  edges  of  the  lids,  unless  the  teara  be  produced  in  excessive  quantity, 
prevents  their  overflow  upon  the  cheeks,  and  the  excess  of  fluid  passes  into 
the  nasal  duct 

Mammary  Secretion. 

The  mammary  glands  are  among  the  most  remarkable  organs  in  the  econ- 
omy ;  not  only  on  account  of  the  peculiar  character  of  their  secretion,  which 
is  unlike  the  product  of  any  other  of  the  glands,  but  from  the  great  changes 
which  they  undergo  at  different  periods,  both  in  size  and  structure.  Rudi- 
mentary in  early  life  and  in  the  male  at  all  periods  of  life,  these  organs  are 
fully  developed  in  the  adult  female  only  in  the  later  months  of  pregnancy 
and  during  lactation.  In  the  female,  after  puberty,  the  mammary  glands 
undergo  a  marked  and  rapid  increase  in  size;  but  even  then  they  are  not  ful- 
ly developed. 

Physiological  Anatomy  of  the  Mammary  Glands. — The  form,  size  and 
situation  of  the  mammse  in  the  adult  female  are  too  well  known  to  de- 
mand more  than  a  passing  mention.  These  organs  are  almost  invariably 
double  and  are  situated  on  the  anterior  portion  of  the  thorax,  over  the  great 
pectoral  muscles.  In  women  who  have  never  borne  children,  they  gener- 
ally are  firm  and  nearly  hemispherical,  with  the  nipple  at  the  most  promi- 
nent point.  In  women  who  have  borne  children,  the  glands  during  the 
intervals  of  lactation  usually  are  larger,  are  held  more  loosely  to  the  sub- 
jacent parts  and  are  often  flabby  and  pendulous.  The  areola  of  the  nipple, 
also,  is  darker. 

In  both  sexes  the  mammary  glands  are  nearly  as  fully  developed  at  birth 
as  at  any  time  before  puberty.  They  make  their  appearance  at  about  the 
fourth  month,  in  the  form  of  little  elevations  of  the  structure  of  the  true 
skin,  which  soon  begin  to  send  off  processes  beneath  the  skin,  which  are  des- 
tined to  be  developed  into  the  lobes  of  the  glands.  In  the  foetus  at  term 
the  glands  measure  hardly  more  than  one-third  of  an  inch  (8*5  mm.)  in  di- 
ameter. At  this  time  there  are  twelve  to  fifteen  lobes  in  each  gland,  and  each 
lobe  is  penetrated  by  a  duct,  with  but  few  branches,  composed  of  fibrous  tis- 
sue and  lined  with  cylindrical  epithelium.  The  ends  of  these  ducts  are  fre- 
quently somewhat  dilated ;  but  what  have  been  called  the  gland- vesicles  do 
not  make  their  appearance  before  puberty.  In  the  adult  male  the  glands 
are  half  an  inch  to  two  inches  (12-7  to  50-8  mm.)  broad,  and  ^^  to  ^  of  an 
inch  (2*1  to  6*4  mm.)  in  thickness.  In  their  structure,  however,  they  pre- 
sent little  if  any  difference  from  the  rudimentary  glands  of  the  infant. 

As  the  time  of  puberty  approaches  in  the  female,  the  rudimentary  ducts 
of  the  different  lobes  become  more  and  more  ramified.  .Instead  of  each  duct 
having  but  two  or  three  branches,  the  different  lobes,  as  the  gland  enlarges, 
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are  penetrated  by  innumerable  ramifications  which  have  graduaUr  been  derei- 
oped  as  processes  from  the  main  duct  It  is  important  to  remember,  bow* 
eyer,  that  these  branches  are  never  so  abundant  or  so  long  duriag  the  inter- 
vals of  lactation  aa  they  are  when  the  gland  is  in  full  activitv. 

Between  the  fourth  and  fifth  mouths  of  uterogestation  the  munmst 
glands  of  the  mother  begin  to  increase  in  size;  and  at  term  they  are  VErr 
much  larger  than  during  the  unimpregnated  stat^.  At  this  time  the  breaiti 
become  quite  hard,  and  the  surface  near  the  areola  is  somewhat  uneT«iif 
from  the  great  development  of  the  ducts.  The  nipple  itself  h  inereafied  in 
size,  the  papillse  upon  its  surface  and  upon  the  areola  are  more  Uu-gi*ly  devel- 
oped, and  the  areola  l^ecomes  larger,  darker  and  thicker.  The  glandular 
structure  of  the  breasts  during  the  latter  half  of  pregnancy  becomes  so  hkr  de- 
Teloped,  that  if  the  child  be  born  at  the  seventh  months  the  lacteal  secretion 
may  be  established  at  the  usual  time  after  parturition.  Even  when  partori- 
tion  takes  place  at  term,  a  few  days  elapse  before  secretion  is  fully  establisheri, 
and  the  first  product  of  the  glands,  called  colostrum,  is  very  different  fnjtn 
the  fully  formed  milk. 

The  only  parts  of  the  covering  of  the  breasts  that  present  any  peculiarities 
are  the  areola  and  the  nipple.  The  surface  of  the  nipple  is  covered  with  pa- 
pillae, which  are  very  largely  developed  near  the  summit.  It  is  covered  bj 
epithelium  in  several  layers,  the  lower  strata  being  filled  with  pigmeDtarr 
granules.  The  true  skin  covering  the  nipples  is  composed  of  inelastic  and 
elastic  fibres^  containing  a  large  number  of  sebaceous  glands,  but  no  hair-fol- 
licles or  sudoriparous  glands.  These  glands  are  always  of  the  racemose  va- 
riety, and  they  never  exist  in  the  form  of  simple  follicles  (Sappey).  The 
nipple  contains  the  lactiferous  ducts,  fibres  of  inela^^tic  and  elastic  tiasne, 
with  a  large  number  of  non-striated  muscuUir  fibres.  The  muscular  fibres 
have  no  definite  direction,  but  are  so  abundant  that  when  they  are  contracted 
the  nipple  becomes  very  firm  and  hard. 

The  areola  does  not  lie,  like  the  general  integument  covering  the  gland, 
upon  a  bed  of  adipose  tissue,  but  it  is  closely  adherent  to  the  subjacent  gland* 
ular  structure.  The  skin  here  is  much  thinner  and  more  delicate  than 
in  other  parts,  and  the  pigmentary  granules  are  very  abumlant  in  j 
the  lower  stmta  of  epidermic  cells,  particularly  during  pregnancy, 
true  skin  of  the  areola  is  composed  of  inelastic  and  elaj?tic  fibres  and  lie 
npon  a  distinct  layer  of  non-striated  muscular  fibres.  The  arrangement 
the  muscular  fibi-es — sometimes  called  the  subareolar  muscle — is  quite  regular^ 
forming  concentric  rings  around  the  nipple.  These  fibres  are  soppoeed 
be  useful  in  compressing  the  ducts  during  the  discharge  of  milk, 
areolar  presents  the  following  structiires ;  papillae,  considerably  smaller  ' 
those  upon  the  nipple:  hair-follicles,  containing  small,  rudimentary  hairs; 
sudoriparous  glands ;  and  sebaceoum  glands  connected  with  the  hair-follicle 
The  sebaceous  glands  are  very  large,  and  their  situation  is  indicated  by  littlfl 
prominence's  on  the  surface  of  the  areola,  which  are  especially  marked  dur- 
ing pregnancy. 

Tiie  mammary  gland  itself  is  of  the  compound  racemose  variety.    It  i^ 
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covered  in  front  by  a  subcutaneous  layer  of  fat,  and  posteriorly  it  is  envel- 
oped in  a  fibrous  membrane  loosely  attached  to  the  pectoralig  major  njuscle. 
A  considerable  quantity  of  atiipose  tissue  is  also  found  in  the  substance  of 
the  gland  between  the  lobes. 

Separated  from  thf  adipose  and  fibrous  tissue,  the  mammary  gland  is 
found  divided  into  lobes,  tifteeu  to  twenty- four  in  number*  These  are 
subdivided  into  lobules  made  up  of  a  greater  or  less  number  of  acini,  or 
cuU'de'Sac,  The  secreting  structure  is  of  a  reddish-yellow  color  and  is 
distinctly  granular,  presenting  a  decided  contrast  to  the  pale  an<i  uniformly 
fibrous  appearance  of  the  gland  during  the  intervals  of  lactation.  If  the 
ducts  be  injected  from  the  nipple  and  be  followed  into  the  substance  of  the 
gland,  each  one  will  be  found  distributing  its  branches  to  a  distinct  lobe;  so 
that  the  organ  is  really  made  up  of  a  number  of  glands  identical  in  structure* 

The  canals  which  discharge  the  milk  at  the  nip|)le  are  ealled  lactiferous 
or  gdactophorous  ducts.  They  are  ten  to  fourteen  in  number.  I'he  open- 
ings of  the  ducts  at  the  nipple  are  very  small,  measuring  only  i^  to  ^  of  an 
inch  {0*42  to  iHW  mm.)-  As  each  duct  pa^es  downward,  it  enlarges  in  the 
nipple  to  5*5  or  ^  of  an  inch  (1  ov  t  mm.)  in  diameter,  and  beneath  the  are- 
ola it  presents  an  elon- 
gated dilatation,  i  to  J 
of  an  inch  (4-3  to  8-5 
mm.)  in  diameter,  called 
the  sinus  of  the  duct. 
During  lactation  a  con- 
siderable quantity  of  milk 
collects  in  these  sinuses, 
which  serve  as  reservoirs. 
Beyond  the  sinuses,  the 
caliber  of  the  ducts  meas- 
ures ^  ta  ^  of  an  int'h 
(11  to  Al  mm.).  The 
ducta  penetrate  the  dif- 
ferent lobes,  branching 
and  subdividing,  tcj  ter- 
minate finally  in  the  col- 
lections of  cuh'de-mr 
which  form  the  acini. 
There  is  no  anastomosis 
between  the  different  hic- 
tiferous  ducts,  and  each 
one  is  distributed  inde- 
pendently to  one  or  more 
lobes. 

The  lactiferous  duets  have  three  distinct  coats.  The  external  coat  is 
composed  of  anastomosing  fibres  of  elastic  tissue  with  some  inelastic  fibres. 
The  middle  coat  is  composetl  of  non-striated  muscular  fibres,  arranged  lon- 
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gitndiiiAlly  and  existing  thronghont  the  duct,  from  ite  opening  at  the  nipple 
to  the  seLTeting  cHh-de-sac.  The  internal  coat  is  an  amorphous  iiiemlMriDe» 
lined  with  flat,  polygonal  cells  during  the  intervals  of  lactation  and  eirefn  ihr- 
ing  pregnancy,  the  cells  being  cylindrical  in  form  and  frequently  presentiLg 
multiple  nuclei,  when  milk  is  secreted. 

The  acini  of  the  gland,  which  are  very  abundant,  are  Tigible  to  the  nakd 
eye,  in  the  form  of  small,  rounded  granules  of  a  reddish-yellow  color*  B^ 
tween  these  acini,  there  exists  a  certain  quantity  of  the  ordinary'  white  fibrous 
tissue,  with  quite  a  numl)er  of  adipose  vesicles.  The  preeence  of  aihpwse 
tissue  in  considerable  quantity  in  the  substance  of  the  glandnlar  gtructiirr  is 
peculiar  to  the  mammary  ghmds.  Each  acinus  is  made  up  of  twenty  t/y 
forty  secreting  vesicles.  These  vesicles  are  irregular  in  form,  often  vario», 
and  sometimes  they  are  enlarged  and  imperfectly  bifurcated  at  their  tenni- 
nal  extremities.  During  lactation  their  diameter  is  ^^  to  ^f^  of  an  inch 
(GO  to  80/a), 

Ihiring  the  intervals  of  lactation,  as  the  lactiferous  ductfi  become  n* 
tracted,  the  glandular  mh-de-sav  disapjx'ar;  and  in  pregnancy,  aa  the  gland 
takes  on  its  full  development,  the  duets  branch  and  extend  themeelree^  and 
the  vesicles  are  gradually  developed  around  their  extremities. 

Mechanism  of  the  Secretion  of  Milk. — With  the  exception  of  water  and 
inorganic  matters,  all  the  important  and  characteristic  constitnent*  of  ihw 
milk  are  formed  in  the  substance  of  the  mammary  glands.  The  secretitiij 
structures  iiave  the  property  of  sepamti ug  from  the  blood  a  great  variety  ««f 
inorganic  salt^ ;  and  the  milk  furnishes  all  the  inorganic  matter  neee8s«arj 
for  tlie  nutrition  of  the  infant,  even  containing  a  small  quantity  of  iron. 

The  lactose,  or  sugar  of  milk,  the  caseine,  and  the  fatty  jmrticles,  are  all 
produced  in  the  gland.  The  peculiar  kind  of  sugar  here  found  does  not 
exist  anywhere  else  in  the  organism.  Even  when  the  secretion  of  milk 
most  active,  different  varieties  of  sugar,  such  as  glucose  or  cane-sug?ir, 
jected  into  the  blood-vessels  of  a  living  animal,  are  never  eliminated  by  the 
mammary  glands,  as  they  are  by  the  kidneys;  and  their  prepuce  m  the 
blood  docs  not  influence  the  quantity  of  lactose  found  in  the  milk. 

Caseine  is  pn>duced  in  the  mammary  glands,  jirobably  by  a  i>eculiaf 
transformation  of  the  albuminoid  constituents  of  the  blooci.  The  fatty  par> 
tides  of  the  milk  are  likewise  produced  in  the  substance  of  the  gland,  and 
the  |>eeuliar  kind  of  fat  which  exists  in  this  secretion  is  not  found  in  the 
blood.  The  mechanism  of  the  production  of  fat  in  the  mammary  glands  b 
somewhat  obscure.  The  particles  are  produced  in  the  cells,  probably  by  % 
procei^s  analogous  to  that  which  takes  place  in  the  formation  of  the  fatty 
particles  found  in  the  sebaceous  matter. 

As  regards  the  mechanism  of  the  formation  of  the  peculiar  and  character- 
istic constituents  of  the  milk,  the  manimary  glands  are  to  be  classed  amn 
the  organs  of  secretion  and  not  with  those  of  elimination  or  excrt^tion ; 
none  of  these  elements  pre-exist  in  the  blood,  and  they  aU  appear  first  in  i 
aubstance  of  the  glands. 

During  the  period  of  secretion,  the  glands  receive  a  much  larger  supf 
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of  blood  than  at  other  timeg.  Pregnancy  favora  the  development  of  the 
secreting  portions  of  the  gliyiils  but  does  not  induce  secretion.  On  the  other 
hand,  when  pregnancy  occurs  during  Isictatiou,  it  diininijiihes  and  nuxlifies, 
and  it  may  arrest  the  secretion  of  milk*  The  secreting  action  of  the  mam- 
mary glands  is  nearly  continuous.  When  the  secretion  of  milk  has  Ix^come 
fully  established,  while  there  may  be  certain  times  when  it  is  formed  in 
greater  quantity  than  ut  others,  there  is  no  actual  intermission  in  its  pro- 
ductiorL 

General  Conditions  which  modify  the  Laetml  Serriiion. — Very  little  is 
known  concerning  tlie  physiological  conditions  which  modify  the  secretion 
of  milk-  When  lactation  is  fully  established,  the  qtiaiitity  and  quulity  of  the 
mOk  secreted  become  adapted  to  the  requirements  of  the  child  at  different 
periods  of  it«  existence.  In  studying  the  eompc»sition  of  the  milk,  therefore, 
it  will  be  found  to  vary  considerably  in  the  ditferent  stages  of  lactation. 
It  is  evident  that  as  the  development  of  the  child  advances,  a  constant  in- 
crease of  nourishment  is  demanded  ;  and  as  a  rule,  the  mother  is  cupable  of 
guppl}ing  all  the  nutritive  requirements  of  the  infant  for  eight  to  twenty 
months. 

During  the  time  when  soch  an  ammmt  of  nutritive  matter  is  furnished 
to  the  child,  tlie  quantity  of  food  taken  liy  the  mother  is  sensibly  increiLsed ; 
but  observations  have  shoivn  that  the  secretion  of  milk  is  not  much  influ- 
enced by  the  character  of  the  food.  It  is  necessary  that  the  mother  should  he 
supplied  with  good,  nutritious  articles ;  but  i\&  far  as  solid  food  is  concerned, 
there  seems  to  be  no  great  difference  between  a  coai'se  and  a  dcliciite  ali- 
mentation, and  the  milk  of  females  in  the  lower  walks  of  life,  when  the  gen- 
eral condition  is  normal,  is  fully  as  gGi>d  as  in  women  who  are  able  to  live 
luxuriously.  It  is,  indeed,  a  fact  generally  recognized  by  physiolngists,  that 
the  secretion  of  milk  is  little  iutluenced  by  any  special  diet,  provided  the  ali- 
mentation be  sufficient  and  of  the  quality  ordinarily  required  by  the  system 
and  that  it  contain  none  of  the  few  articles  of  food  which  are  known  to  have 
a  special  influence  upon  lactation.  It  is  very  common,  however,  for  women 
to  become  quite  fat  during  lactation ;  whicli  shows  that  the  fatty  constituents 
of  the  food  do  not  pass  exclusively  into  tiie  milk,  but  that  there  is  a  tendency, 
at  the  same  time,  to  a  deposition  of  adipose  tissue  in  the  situations  in  ^vhich 
it  is  ordinarily  found.  It  is  a  matter  of  common  experience,  that  certain 
articles^  such  as  acids  and  fermentable  substances,  often  disturb  the  digestive 
orgaOB  of  the  child  without  ])roducing  any  change  in  the  milk,  that  can  Imj 
recognized  by  chemical  analysis.  The  individual  dilferences  in  women,  in 
this  regard,  are  very  great. 

The  statements  with  regard  to  solid  food  do  not  apply  to  liquids.  Dur- 
ing lactation  there  is  always  an  increased  demuml  for  water  and  for  liq- 
uids generally;  and  if  these  be  not  supplied  in  suthcient  quantity,  the 
Becretion  of  milk  is  diminislied  and  its  quality  is  almost  always  impaired. 
It  is  a  curious  fact,  which  has  lieen  fidly  established  by  observations  ujKin 
the  human  subject  and  the  inferior  animals,  that  while  the  quantity  of  milk 
ia  increased  by  taking  a  large  amount  of  simple  water,  the  solid  constituenta 
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are  also  increased,  and  tlie  milk  retains  all  of  its  qualities  as  a  nQtrititt 
fluid. 

Alcohol,  especially  when  largely  diluted,  as  in  malt-liquors  and  other  miM 
beverages,  is  well  known  to  exert  an  influence  upon  the  secretion  of  millL 
Drinks  of  thie  kind  almost  always  temporarily  increase  the  activity  of  *' 
cretion,  mid  sometimes  they  produce  a  certain  etfect  ui>on  the  child;  J 
reel  and  accurate  observations  on  the  actual  passage  of  alcohol  into  the  miili 
are  wanting.      During  lactation  the  moderate  use  of  drinks  contair:;'  - 
small  proportion  of  lUcohol  is  frequently  beneficial,  particularly  in  ji? 
the  mother  to  sustain  the  unusual  drain  upon  the  system.     There  are,  huw^ 
ever,  few  instances  of  normal  lactation  in  which  their  use  is  ab«^i1ute)y  ne* 
cessary. 

It  is  well  know^i  that  the  secretion  of  milk  may  be  profoundly  a'^ 
by  violent  mental  emotions.  This  is  the  ca^  in  many  other  secretions,  ^  .... 
saliva  and  the  gastric  juice.  It  is  hardly  necessary,  however,  to  cite  nmuj 
instances  of  moditication  or  arrest  of  the  secretion  from  this  canse,  which  art 
quoted  by  authors.  Vernois  and  Becquerel  reported  a  case,  in  winch  » 
hospital  wet-nurse,  who  lost  her  only  child  from  pneumonic  fever,  becanif 
violently  affected  with  grief  and  presented,  as  a  consequence,  an  immedrntf* 
diminution  in  the  quantity  of  her  milk,  witha  gi'eat  reduction  in  the  propor- 
tion of  salts,  sugar  and  butter.  In  this  case  the  proportion  of  cuseitie  wbs 
increased.  Astley  Cooper  reported  two  cases  in  which  the  secretion  of  milk 
was  instantaneously  and  permanently  arrested  by  terror.  These  cases  app 
ty[>es  of  many  others,  which  have  been  cited  by  writers,  of  the  effects  of 
mental  emotions  upon  seci-etion. 

Dire<;t  observations  upon  the  influence  of  the  nerves  upon  the  mammary 
glands  tivo  few  and  unsiitis factory.  The  operation  of  dividing  the  nerres 
distributed  to  these  glands,  which  has  occasionally  been  practised  upon  ani- 
mals in  lactation,  has  not  been  observed  to  produce  any  sensible  diminution 
in  the  quantity  of  the  secretion.  It  is  difficult,  however,  to  operate  uj>on  nil 
the  nerves  distributed  to  these  organs.  There  ai*e  no  observations  indicating 
the  situation  of  a  nerve-centre  presiding  over  the  secretion  of  milk,  although 
such  a  centre  may  exist. 

Quantity  of  Milk. — It  is  ditiicult  to  form  a  reliable  estimate  of  the  aver- 
age quantity  of  milk  secreted  by  the  human  female  in  the  twenty-four  hcmm 
The  quantity  undoubtetlly  varies  very  much  in  different  persons :  some  women 
being  able  to  nourish  two  children,  while  others,  though  apparently  in  lur- 
fect  health,  furnish  hardly  enough  food  for  one.  Astley  Cooper,  as  the  result 
of  direct  observation,  stated  that  the  quantity  that  can  be  drawn  from  a  full 
breast  is  usually  about  two  fluidounces  (60  grammes).  This  may  be  assumed 
to  be  about  the  quantity  contained  in  the  lactiferous  ducts  when  they  an? 
moderately  distended,  Lehmann,  taking  for  the  basis  of  his  calcidations  the 
observations  of  LampOrierre,  who  found,  as  the  result  of  sixty-seven  experi- 
ments, tliat  between  1*7  and  2  ounces  (50  and  GO  grammes)  of  milk  were 
secreted  in  two  hours,  estimated  that  the  average  quantity  discharged  in 
twenty-four  hours  is  about  44*5  fluidounces  (1,330  grammes).     Taking  into 
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consideration  the  variations  in  the  quantity  of  milk  9tK.Teted  by  different 
wometi^  it  may  be  assimieil  that  the  daily  production  is  batween  two  and  three 
pints  (950  and  1,420  grammes). 

Certain  conditions  of  the  female  are  capable  of  materially  influencing  the 
quantity  of  milk  secreted.  It  is  evident  that  the  secretion  is  usually  some- 
what increased  within  the  first  few  mouths  of  lactiition,  when  the  progressive 
development  of  the  child  demands  au  increase  in  the  quantity  of  nourish- 
ment If  the  menstrual  function  become  re-established  duriue  lactiition,  the 
milk  usually  is  diminished  in  quantity  during  the  pL-riods^  but  sometimes  it 
is  not  affected,  either  in  its  quantity  or  composition.  Should  the  female 
become  pregnant,  tliere  generally  is  a  great  diminution  in  the  quantity  of 
milk,  and  that  which  it  seoreted  is  ordinarily  regarded  as  po.^essing  little 
nutritive  power.  In  obedience  to  a  popular  prejudice,  a|»parently  well  founded, 
the  child  is  usually  taken  from  the  breast  as  soi>n  as  i>rcgnancy  is  recognized. 
No  marked  and  constant  variations  have  been  observed  in  the  quantity  of 
milk  in  females  of  different  ages. 

Properfids  and  Comjmsitinn  of  Milk. — Tlie  general  appearance  and  char- 
acters of  ordinary  cow's  milk  are  gutticiently  familiar.  Human  milk  is  nei- 
ther so  white  nor  so  opaque  as  cow*s  milk,  having  ordinarily  a  slightly 
bluish  tinge.  After  the  secretion  hiis  becnme  fully  established,  the  fluid 
pofisessee  no  viscidity  and  is  nearly  opaque.  It  is  almost  inodorous,  of  & 
peculiar  soft  and  sweetish  taste,  and  when  perfectly  fresh  it  hjis  a  decidedly 
alkaline  reaction.  The  taste  of  human  milk  is  sweeter  than  that  of  cow's 
milk.  A  short  time  after  its  discharge  from  the  gland,  the  reaction  of  milk 
becomes  faintly  acirl ;  but  this  change  takes  place  more  slowly  in  human 
milk  than  in  the  milk  of  most  of  tlie  infcriur  aTiinials. 

The  average  specific  gravity  of  human  milk  is  1032;  although  this  is 
subject  to  considerable  variation,  the  minimum  of  eighty-nine  observations 
being  1025,  and  the  maxima  in,  10-41  i  {Vernois  and  Becquerel).  The  observa- 
tions of  most  physiological  chemists  have  shown  that  this  average  is  neaily 
correct. 

Milk  is  not  coagulated  by  heat,  even  after  prolonged  boiling;  but  a 
thin  pellicle  then  forms  on  tlie  surface,  wluch  is  probably  due  to  the  com- 
biue<l  action  of  heat  and  the  atnujsphere  upon  the  caseine.  Although  a 
small  quantity  of  albumen  exists  in  the  milk,  this  does  not  coagulate  on 
the  surface  by  the  action  of  the  heat,  for  tlit-  scum  does  not  form  when  the 
fluid  is  heated  in  a  vacuum  or  in  an  atmosphere  of  carbon  diiixiile  or  of 
hydrogen. 

When  the  milk  is  coagulated  by  any  substance  acting  upon  ttie  caseine 
or  w^hcn  it  coagulates  sptnitaneonsly  it  8ej>arate9  into  a  curd,  composed  of 
oaseine  with  most  of  the  fatty  particles,  and  a  nearly  clear,  greenish-yellow 
serum^  called  whey.  This  separatiiJU  (K-eurs  spontaneously  at  a  variable  time 
after  the  discharge  of  the  milk,  taking  place  much  sooner  in  warm  than  in 
cold  weather.  It  is  a  curious  fact  that  fresh  milk  frequently  is  coagidati?d 
during  a  thunder-storm,  a  phenomenon  which  has  never  been  satisfactorily 
explained. 
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On  being  allowed  ta  stand  for  a  short  time,  the  milk  gepamtes,  without 
coagtilating,  into  two  tolerably  distinct  portions.  A  large  proportion  of  tbt 
globules  rises  to  the  top,  forming  a  yellowish-white  and  very  opaque  flnii 
called  cream,  leaving  the  Iowtf  portion  poorer  in  globules  and  of  a  deeidi\!h 
bluish  tint  In  healthy  milk  the  stratum  of  cream  forms  oue-fifth  t 
third  of  the  entire  mass  of  the  milk.  In  the  human  subje-ct  the  skim-n.  „ 
not  white  and  opaque^  but  it  is  nearly  as  transparent  as  the  whey.  The  spe- 
cific gi^aTity  of  the  cream  from  milk  of  the  average  specific  gravity  of  1032  b 
about  1024.     The  specific  gravity  of  skim-milk  is  about  1034, 

Microscopical  Characters  of  the  Milk. — Milk  contains  an  immense  naro- 
ber  of  minute,  spherical  globules,  of  highly  refractive  power,  held  in  gof* 
pension  in  a  clear  Jluid.  These  are  known  under  the  name  of  milk-glob- 
ules and  are  composed  of  palmitine^  oleine,  and  fatty  matters  peculiar  Uj 
milk- 

'^The  human  milk-globules  are  yylinr  ^^  Wur  ^^  ^^  moh  (1  to  dO^t)  in 
diameter.  They  usually  are  distinct  from  each  other,  but  they  may  occadon- 
ally  become  collected  into  groups,  without  indicating  any  thing  abnormal 
In  a  perfectly  normal  condition  of  the  glands,  when  the  lacteal  secretion  hM 

become  fully  established,  the  milk  cc*n- 
tains  nothing  but  a  clear  fluid  with 
these  globules  in  suspension.  The  pro- 
portion of  fatty  matters  in  the  milk  i« 
twenty -live  to  forty -eight  part#  per 
thousand ;  and  this  gives  an  idea  of  the 
proportion  of  globules  w*hich  are  seen 
on  microscopical  examination. 

In  sc*me  regards  milk  does  not  pre- 
sent the  ehjiracters  of  a  simple  etnr!  :  • 
If  it  be  shaken  with  ether,  the  mi 
remains  opaque;  but  the  fatty  nistien 
are  dissolved  on  the  addition  of  potasn- 
um  hydrate.  Dilute  acetic  adid  addeil 
to  milk  causes  the  globules  to  run  t<>» 
gether.  These  reactions  have  led  to  tht 
view  that  the  milk-globules  have  a  membrane  wdiich  is  dissolved  by  potassi- 
um hydrate  and  by  acetic  acid.  It  is  prolvable  that  the  butter  in  nomuil 
milk  does  not  exist  precisely  in  the  form  of  a  simple  emukion,  but  that  the 
globules  have  a  very  thin,  caseous  coating.  In  view  of  the  action  of  reagents 
upon  the  globules,  the  only  alternative,  if  the  existence  of  a  caseous  cootiiig 
be  denied,  is  the  opinion  that  the  adflitjon  of  fwtassium  hydrate  or  of  aoetic 
a^^id  renders  the  caseine  incapable  of  holding  the  fat  in  the  condition  of  an 
emulsion.  There  is  actually  little  more  than  a  verbal  diffareuee  between 
these  two  opinions. 

Compofti/ion  of  the  MUl\  —  The  following  table,  compiled  by  RobiQ 
from  the  analyses  of  various  chemists,  gives  the  constituents  of  hmnan 
milk: 


l*v 


^^ 


Fio.  tOi,— Hitman  milk-glnbuUa^  from  n  health}/ 
luitu^in  Nx>fnan.  night  datfM  after  deliver ff 
(Funke). 
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COMPOSITION   OF   HUMAN    MILK. 

Water 002-717  to  868149 

Caseine  (desiccated) 29-000  '*  89-000 

Lactoproteine ^ 1-000  "  2*770 

Albumen traces  "  0-880 

( Palmitine 17-000  "  25840 

Butter,  25  to  88  )  Oleine 7-500  "  11-400 

(  Butyrine,  caprine,  caproIne,caprilcne  etc.  0*500  "  0-760 

Sugar  of  milk  (lactose) 87-000  "  49-000 

Sodium  iactote  (!) 0-420  "  0-450 

Sodium  chloride 0240  "  0*340 

Potassium  chloride 1-440  "  1830 

Sodium  carbonate 0*058  "  0056 

Calcium  carbonate 0*069  "  0*070 

Calcium  phosphate 2*810  "  8*440 

Magnesium  phosphate 0*420  '*  0*640 

Sodium  phosphate • 0*225  "  0*230 

Ferric  phosphate  (!) 0*082  "  0*070 

•  Sodium  sulphate 0*074  "  0*075 

Potassium  sulphate traces. 

1,000*000        1,000*000 

(  Oxygen 1*29  ) 

Qases  in  solution  •<  Nitrogen 12*17  >  80  parts  per  1,000  in  volume.  (Hoppe.) 

(  Carbon  dioxide.  16*54  ) 

The  proportion  of  water  in  milk  is  subject  to  certain  changes,  but  these 
are  not  so  considerable  as  might  be  expected  from  the  great  variations  in 
the  entire  quantity  of  the  secretion.  As  regards  the  quantity  of  milk  in  the 
twenty-four  hours,  the  influence  of  drinks,  even  when  nothing  but  pure  water 
is  taken,  is  very  marked ;  and  although  the  activity  of  the  secretion  is  much 
increased  by  fluid  ingesta,  the  quality  of  the  milk  usually  is  not  aflfected,  and 
the  proportion  of  water  to  the  solid  matters  remains  about  the  same. 

Nitrogenized  ConstiUients  of  Milk, — Very  little  remains  to  be  said  con- 
cerning the  nitrogenized  constituents  of  human  milk,  after  what  has  been 
stated  in  connection  with  alimentation.  The  different  constituents  of  this 
class  undoubtedly  have  the  same  nutritive  office  and  they  appear  to  be  iden- 
tical in  all  varieties  of  milk,  the  only  difference  being  in  their  relative  pro- 
portions. It  is  a  matter  of  common  experience,  indeed,  that  the  milk  of 
many  of  the  lower  animals  will  take  the  place  of  human  milk,  when  prepared 
so  as  to  make  the  proportions  of  its  different  constituents  approximate  the 
composition  of  the  natural  food  of  the  child.  A  comparison  of  the  composi- 
tion  of  human  milk  and  of  cow's  milk  shows  that  the  former  is  poorer  in  nitro- 
genized matters  and  richer  in  butter  and  sugar ;  and  consequently,  the  upper 
strata  of  cow's  milk,  properly  sweetened  and  diluted  with  water,  very  nearly 
represents  the  ordinary  breast-milk. 

Caseine  is  by  far  the  most  important  of  the  nitrogenized  constituents  of 
milk,  and  it  supplies  nearly  all  of  this  kind  of  nutritive  matter  demanded  by 
the  child.  Lactoproteine,  described  by  Millon  and  Commaille,  is  not  so  well 
defined,  and  albumen  exists  in  the  milk  in  very  small  quantity. 
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The  coagulation  of  milk  depends  upon  the  reduction  of  caseine  from  i 
liquid  to  a  semi-solid  condition.  When  milk  is  allowed  to  c<iagulate  gpoiw 
taneously,  the  change  is  eHected  by  the  action  of  the  lactic  acid  which  resdu 
from  a  transformiition  of  a  portion  of  the  sugar  of  niUk.  Caseine,  in  fact,  u 
coagulated  by  any  of  the  acids^  even  the  feeble  aoiiis  of  organic  origin,  h 
diiferd  from  albumen  in  this  regard  and  in  the  fact  that  it  is  not  coagaUtcd 
by  heat  If  fresh  milk  be  slightly  raised  in  temperature  and  be  treated  with 
an  infusion  of  the  gastric  mucous  membmne  of  the  calf,  c*- 
take  place  in  five  or  ten  minutes,  the  clear  liquid  still  retauui,^  :  „_.^.„ 
reaction.  Simon  has  observed  that  the  mucous  membrane  of  the  stomach  of 
an  infant  a  few  days  old,  that  hud  recently'  died,  coagalated  woman's  milk 
more  readily  than  the  mucous  membrane  of  the  stomaeli  of  the  culf- 

NQH-^iirof^enized  ConstUuenU  of  Milk. — Non-nitrogenized  matters  cik 
in  abundance  in  the  milk-  The  liquid  caseitic  and  the  water  hold  tli'  ' 
in  the  condition  of  a  fine  and  permanent  emulsion.  This  fat  may  ea:- 
gopanited  from  the  milk,  and  is  known  under  the  name  of  butter.  In  hutmui 
milk,  the  butter  is  much  softer  than  in  the  milk  of  many  of  the  inferior 
animals;,  particularly  the  cow;  but  it  is  composed  of  essentially  the  same 
constituents,  althou^d^  in  ditferent  proportions.  In  different  animals,  ihert 
are  developed,  even  after  the  discharge  of  the  milk,  certain  odorous  matters 
which  are  more  or  less  characteristic  of  the  animal  fi^om  which  the  butler  is 
taken. 

The  greatest  pirt  of  the  butter  consists  of  palmitine.  Butter  eontaiui 
in  addition^  oleine,  and  a  small  proportion  of  peculiar  fats,  which  have  not 
been  very  well  determinetl,  called!  butyrinc,  caprine,  caproTne,  capriline,  with 
some  other  analogous  substances.  Palmitine  and  oleine  arc  found  in  the  fii_ 
throughout  the  body;  but  the  last-named  substances  are  peculiar  to 
milk*  These  are  especially  liable  to  iicidification,  and  the  at^ids  re«u1ti 
from  tlxeir  decomiK)sition  give  the  peculiar  o<ior  and  flavor  to  rancid  butt 

Sugar  of  milk,  or  lactose,  is  the  most  abundant  of  the  solid  constituent* 
of  the  mammary  secretion.  It  is  this  that  gives  to  tlie  milk  its  peculiar 
sweetish  tiiste,  although  this  variety  of  sugar  is  much  less  sweet  than  can^ 
sugar.  The  chief  peculiarities  of  milk-sugar  arc  that  it  readily  imdergi^es 
change  into  lactic  acid  in  the  presence  of  nitrogenized  ferments,  and  that 
it  takes  on  alcoholic  fermentation  slowly  and  with  difficidty.  In  the  fei- 
mentcition  of  milk,  the  lactose  is  changed  first  into  galactoses  and  thun  iato 
alcohol  and  carbon  dioxide.  In  some  parts  of  the  world,  alcohoHc  beverages 
made  from  milk  are  in  common  use. 

Inonjanic  CoHstiiuentjf  of  Milk. — It  is  probable  that  many  inorganic  salu 
exist  in  the  milk,  which  are  not  given  in  the  table ;  and  the  separation  of 
these  from  their  combinations  with  organic  matters  is  one  of  the  most  difH- 
cnit  problems  in  physiological  chemistry.  This  must  bo  the  case,  for  dtmng 
the  first  months  of  extmiUerine  existence,  the  child  derives  all  the  inorganie 
as  well  as  the  organic  matters  necessary  to  nutrition  and  development,  from 
the  breast  of  the  mother.  The  reaction  of  the  milk  depends  ni>on  the  pres- 
ence  of  the  alkaline  carbunatcs,  and  these  are  important  in  preserving  tlie 
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fluidity  of  the  caseine.  It  is  not  determined  precisely  in  what  form  iron 
exists  in  the  milk,  but  its  presence  here  is  undoubted.  A  comparison  of  the 
composition  of  the  milk  with  that  of  the  blood  shows  that  most  of  the  impor- 
tant inorganic  matters  found  in  the  latter  fluid  exist  also  in  the  milk. 

Hoppe  has  indicated  the  presence  of  carbon  dioxide,  nitrogen  and  oxygen, 
in  solution  in  milk.  Of  these  gases,  carbon  dioxide  is  the  most  abundant 
It  is  well  known  that  the  presence  of  gases'  in  solution  in  liquids  renders  them 
more  agreeable  to  the  taste,  and  carbon  dioxide  increases  very  materially 
their  solvent  properties.  Aside  from  these  considerations,  the  uses  of  the 
gaseous  constituents  of  the  milk  are  not  apparent. 

In  addition  to  the  constituents  given  in  the  table  of  composition,  the 
milk  contains  small  quantities  of  peptone,  nucleine,  dextrine,  urea,  lecithine, 
hypoxanthine,  fluorine  and  silica. 

A  study  of  the  composition  of  the  milk  fully  confirms  the  fact  that  this 
is  a  typical  alimentary  fluid  and  presents  in  itself  the  proper  proportion  and 
variety  of  material  for  the  nourishment  of  the  body  during  the  period  when 
the  development  of  the  system  is  going  on  with  its  maximum  of  activity. 
The  form  in  which  its  diflferent  nutritive  constituents  exist  is  such  that  they 
are  easily  digested  and  are  assimilated  with  great  rapidity. 

Variations  in  the  Camposition  of  MilJc, — If  the  composition  of  the  milk 
be  compared  at  different  periods  of  lactation,  it  will  be  found  to  undergo 
great  changes  during  the  first  few  days.  In  fact,  the  first  fluid  secreted  after 
parturition  is  so  different  from  ordinary  milk,  that  it  has  been  called  by  an- 
other name.  It  is  then  known  as  colostrum,  the  peculiar  properties  of  which 
will  be  considered  more  fully  under  a  distinct  head.  As  the  secretion  of  milk 
becomes  established,  the  fluid,  from  the  first  to  the  fifteenth  day,  becomes 
gradually  diminished  in  density  and  in  its  proportion  of  water  and  of  sugar, 
while  there  is  a  progressive  increjise  in  the  proportion  of  most  of  the  other 
constituents;  viz.,  butter,  caseine  and  the  inorganic  salts.  The  milk,  there- 
fore, as  far  as  one  can  judge  from  its  composition,  as  it  increases  in  quantity 
during  the  first  few  days  of  lact^ition,  is  constantly  increasing  in  its  nutritive 
properties. 

The  differences  in  the  composition  of  the  milk,  taken  from  month  to 
month  during  the  entire  period  of  lactation,  are  not  so  distinctly  marked. 
It  is  difficult,  indeed,  to  indicate  any  constant  variations  of  sufficient  impor- 
tance to  lead  to  the  view  that  the  milk  varies  much  in  its  nutritive  properties 
at  different  times,  during  the  ordinary  period  of  lactation.  The  differences 
between  the  milk  of  primiparae  and  multiparas  are  slight  and  unimportant. 
As  a  nil^  however,  the  milk  of  primiparre  approaches  more  nearly  the  normal 
standard. 

In  normal  lactation,  there  is  no  marked  and  constant  difference  in  com- 
position between  milk  that  has  been  secreted  in  great  abundance  and  milk 
which  is  produced  in  comparatively  small  quantity ;  and  the  difference  be- 
tween the  fluid  first  draiivTi  from  the  breast  and  that  taken  when  the  ducts 
are  nearly  empty,  which  is  observed  in  the  milk  of  the  cow,  has  not  been 
noted  in  human  milk. 
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Colostrum. 

Near  the  end  of  iiterogestation,  during  a  period  which  varies  CM)iiadem- 
bly  in  different  women  and  has  not  been  accurately  determined,  a  email 
quantity  of  a  thick iish,  stringy  fluid  may  frec|uently  be  drawn  from  the  nmoi- 
mary  glands.  This  bears  little  resemblance  to  perfectly  formed  milk-  It  ii 
small  in  quantity  and  is  usually  more  abundant  in  multiparie  than  in  primi- 
parfB.  This  tluid,  as  well  as  that  secreted  for  the  first  few  days  after  delivery, 
is  called  colostrum.  It  in  yellowish,  semi-opaque,  of  a  distinctly  alkaline  re- 
action and  is  somewhat  mucilaginous  in  it«  consistence.  Its  specific  grarity 
la  considerably  above  that  of  the  ordinary  milk,  being  between  1040  and  lOfiO. 
Aa  lactation  progresses,  the  character  of  the  secretion  rapidly  changes,  until 
the  fluid  becomes  filled  with  true  milk-globules  and  assumes  the  oh&raetei>s 
of  ordinary  milk. 

The  opacity  of  the  colostrum  is  due  to  the  presence  of  a  number  of  differ- 
ent corpuscular  ulemcot^.  ililk -globules,  very  variable  in  size  and  number, 
are  to  be  found  in  the  secretion  from  the  first.  The^,  however,  do  not  eii*t 
in  sufficient  quantity  to  render  the  fluid  very  opaque,  and  they  are  frequently 
aggregated  in  rounded  and  irrt^gular  masses,  held  together,  apparently,  by 
some  glutinous  matter.     Puculiar  corpuscles,  supposed  to  bo  characteristic  of 

the  colostrum,  always  exist  in  this  ftm^i. 
These  are  known  aa  colostrum-corpus- 
cles. They  are  spherical,  varying  in 
size  between  ^^^  and  -^  of  an  inch 

v^    ^BSSS^      ^^iSS^^^K         (^^  ^^^^  *^^^'  ^'^^  ^^  sometiuaes  pale,  but 

more  frequently  quite  granular,  and 
Q^Q  C'S  \  they  contain  ver}*  often  a  large  number 
oi^fep  (j»o I  of  fatty  particles.  They  behave  in  all 
0  o:  c  ^  '^3mi  respects  like  leucocytes  and  are  de- 
scribed as  a  variety  of  these  bodies, 
^lany  of  them  are  precisely  like  the 
leucocytes  found  in  the  blood,  lymph 
or  pus.  In  addition  to  the^e  corpuscu- 
lar elements,  a  small  quantity  of  mucine 
may  frequently  be  observed  in  the  co- 
lostrum on  microscopical  examination^ 
On  the  addition  of  ether  to  a  speci- 
men of  colostrum  under  the  microscope. 
most  of  the  fatty  particles,  both  within 
and  without  the  colostrum -corpuscles, 
are  dissolved.  Ammonia  added  to  the  fiuid  renders  it  stringy,  and  sometimes 
the  entire  mass  assumes  a  gelatinous  consistence. 

In  its  composition,  colostrum  presentja  many  points  of  differeuoe  froin 
true  milk.  It  is  sweeter  to  the  taste  and  contains  a  greater  proportion  of 
sugar  and  of  the  inorganic  salts.  The  proportion  of  fat  is  at  least  equal  tn 
the  proportion  in  the  milk  and  is  genenilly  greater.    Instead  of  caseine,  pure 
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Wm,  \Oi.—Colo§trum.  from  a  healthp  tying-in 
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eraduaUjr  dinappeAr*  and  the  milk  trlohuit^s 
beNCome  mom?  aboodant,  swiidler  and  more 
ncMtflj  unlf orixi  Lti  fdze. 
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colostrum  contains  a  large  proportion  of  serum-albumen ;  and  as  the  charac- 
ter of  the  secretion  changes  in  the  process  of  lactation,  the  albumen  becomes 
gradually  reduced  in  quantity  and  caseine  takes  its  place. 

The  following,  deduced  from  the  analyses  of  Clemm,  may  be  taken  as  the 
ordinary  composition  of  colostrum  of  the  human  female : 

COMPOSITION   OF   COLOSTRUM. 

Water 045-24 

Albumen,  and  salts  insoluble  in  alcohol 20*81 

Butter 7-07 

Sugar  of  milk,  extractive  matter,  and  salts  soluble  in  alcohol 17*27 

Loss 0*01 

1,000-00 

Colostrum  ordinarily  decomposes  much  more  readily  than  milk  and  takes 
on  putrefactive  changes  very  rapidly.  If  it  be  allowed  to  stand  for  twelve 
to  twenty-four  hours,* it  separates  into  a  thick,  opaque,  yellowish  cream  and 
a  serous  fluid.  In  an  observation  by  Astley  Cooper,  nine  measures  of  colos- 
trum, taken  soon  after  parturition,  after  twenty-four  hours  of  repose,  gave 
six  parts  of  cream  to  three  of  milk. 

The  peculiar  constitution  of  the  colostrum,  particularly  the  presence  of 
an  excess  of  sugar  and  inorganic  salts,  renders  it  somewhat  laxative  in  its 
effects,  and  it  is  supposed  to  be  useful,  during  the  first  few  days  after  deliv- 
ery, in  assisting  to  relieve  the  infant  of  the  accumulation  of  meconium. 

As  the  quantity  of  colostrum  that  may  be  pressed  from  the  mammary 
glands  during  the  latter  periods  of  utero-gestation,  particularly  the  last 
month,  is  very  variable,  it  becomes  an  important  question  to  determine 
whether  this  secretion  have  any  relation  to  the  quantity  of  milk  that  may  be 
expected  after  delivery.  This  question  has  been  studied  by  Donne,  who  ar- 
rived at  the  following  conclusions : 

In  women  in  whom  the  secretion  of  colostrum  is  almost  absent,  the  fluid 
being  in  exceedingly  small  quantity,  viscid,  and  containing  hardly  any  cor- 
puscular elements,  there  is  hardly  any  milk  produced  after  delivery. 

In  women  who,  before  delivery,  present  a  moderate  quantity  of  colostrum, 
containing  very  few  milk-globules  and  a  number  of  colostrum-corpuscles, 
after  delivery  the  milk  will  be  scanty  or  it  may  be  abundant,  but  it  is  always 
of  poor  quality. 

When  the  quantity  of  colostrum  produced  is  considerable,  the  secretion 
being  quite  fluid  and  rich  in  corpuscular  elements,  particularly  milk-globules, 
the  milk  after  delivery  is  always  abundant  and  of  good  quality. 

From  these  observations,  it  would  seem  that  the  production  of  colostrum 
is  an  indication  of  the  proper  development  of  the  mammary  glands ;  and 
the  early  production  of  fatty  granules,  which  are  first  formed  by  the  cells 
lining  the  secreting  vesicles,  indicates  the  probable  activity  in  the  secretion 
of  milk  after  lactation  shall  have  become  fully  established. 

The  secretion  of  the  mammary  glands  preserves  the  cliarat^ters  of  colos- 
trum until  toward  the  end  of  the  so-called  milk-fever,  when  the  colostrum- 


1 


840  SHX3BEnON. 

corpnscleB  rapidly  disappear,  and  the  milk-globnka  beedme'  num 
regular  and  aniform  in  sise.  It  may  be  stated,  in  genenl  tenu,  tlut  tte 
secretion  of  milk  becomes  folly  established  and  all  the  ohanoters  dt  tk 
colostrum  disappear  between  the  eighth  and  the  tenth  day  after  delmiy.  A 
few  colostrum-corpuscles  and  masses  of  agglutinated  niilk-|^baleB  miT 
sometimes  be  discovered  after  the  tenth  day,  but  they  are  rare.  After  Hm 
fifteenth  day,  the  milk  does  not  sensibly  change  in  its  microeoopical  or  its 
chemical  characters. 

Lacteal  Secretiost  iit  the  Newly-Bork. 

In  infants  of  both  sexes  there  is  generally  a  certain  amount  of  secretion 
from  the  mammary  glands,  beginning  at  birth  or  two  or  three  days  aft^, 
and  continuing  sometimes  for  two  or  three  weeks.  The  quantity  of  flidd 
that  may  be  pressed  out  at  the  nipples  at  this  time  is  very  variable.  Some- 
times only  a  few  drops  can  be  obtained,  but  occasionally  the  fluid  amounts 
to  one  or  two  drachms  (3*7  or  7*4  grammes.)  Although  it  is  impoBsiUe  to 
indicate  the  object  of  this  secretion,  which  takes  place  when  the  glands  m 
in  a  rudimentary  condition,  it  has  been  so  often  observed  and  described  br 
physiologists,  that  there  can  be  no  doubt  with  regard  to  the  nature  of  the 
fluid  and  the  fact  that  the  secretion  is  almost  always  produced  in  greater  or 
less  quantity.  The  following  is  an  analysis  by  Quevenne  of  the  secretiOB 
obtained  by  Gubler.  The  observations  of  Oubler  were  made  upon  about 
twelve  hundred  children.  The  secretion  rarely  continued  for  more  than 
four  weeks,  but  in  four  instances  it  persisted  for  two  months. 

COMPOSITION   OF  THE  MILK  OF  THE  IKFAlTr. 

Water 8M«00 

Caseine »4D 

Sugar  of  milk ttUSO 

Butter 14*00 

Earthy  phosphates 1*90 

Soluble  salts  (with  a  small  quantity  of  insoluble  phosphates) 8^ 

This  fluid  docs  not  differ  much  in  its  composition  from  ordinaiT  milL 
The  proportion  of  butter  is  much  less,  but  the  proportion  of  sugar  is  greater, 
and  the  quantity  of  caseine  is  nearly  the  same. 

Of  the  other  fluids  which  are  enumerated  in  the  list  of  secretions,  the 
saliva,  gastric  juice,  pancreatic  juice  and  the  intestinal  fluids  have  already 
been  described  in  connection  with  the  physiology  of  digestion.  The  physi- 
ology of  the  lachrjTnal  secretion  will  be  taken  up  in  connection  with  the  eye, 
and  the  bile  will  be  treated  of  fully  under  the  head  of  excretion. 

Secretory  Nerve- Centres, — It  remains  now  to  consider  the  influence  of 
nerve-centres  uj)()n  certain  secretions.  Cerebro-spinal  centres  presiding  over 
secretion  have  not  been  determined  for  all  of  the  glands,  although  they  may 
exist.     No  cerebro-spinal  centres  have  been  described  for  the  secretions  of 
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mucous  membranes,  the  gastric  juice,  the  intestinal  juice,  the  sebaceous 
fluids,  the  milk  or  the  lachrymal  fluid. 

The  centres  for  the  salivary  secretions  are  in  the  medulla  oblongata,  near 
the  points  of  origin  of  the  facial  and  glosso-pharyngeal  nerves.  The  centre 
for  the  pancreatic  secretion  is  also  in  the  medulla  oblongata.  The  centres 
which  act  upon  the  liver  and  upon  certain  excretions  will  be  treated  of  in 
connection  with  the  physiology  of  the  liver,  kidneys  and  skin. 


CHAPTER  XII. 
EXCRETION  BY  THE  SKIN  AND  KIDNEYS. 

DfffermcM  between  Uie  secretionfl  proper  and  the  excretions— PhyBloIogical  anatomj  of  the  skin— FtiTtio- 
logical  anatomy  of  the  nails— Physiological  anatomy  of  the  hairs— Sadden  blanching  of  the  hair— Per- 
spiration— Sodoriparons  glands— Mechanism  of  the  secretion  of  sweat— Properties  and  composition  of 
the  sweat— Pecnliarf ties  of  the  sweat  in  certain  parts— Physiological  anatomy  of  the  kidneys— Mechan- 
ism of  the  prodnction  and  discharge  of  urine- Inflnence  of  blood-pressare,  the  nervous  system  etc., 
npon  the  secretion  of  urine— Physiological  anatomy  of  the  urinary  passages— Mechanism  of  the  dis- 
charge of  urine— Properties  and  composition  of  the  urine— Influence  of  ingesta  upon  the  composition 
of  the  urine  and  upon  the  elimination  of  nitrogen— Influence  of  muscular  exercise  upon  the  elimination 
of  nitrogen— Water  r^^arded  as  a  product  of  excretion— Variations  in  the  composition  of  the  urine. 

Ix  entering  upon  the  study  of  the  elimination  of  effete  matters,  it  is  ne- 
cessary to  appreciate  fully  the  distinctions  between  the  secretions  proper  and 
the  excretions,  in  their  composition,  the  mechanism  of  their  production,  and 
their  destination.  The  urine  may  be  taken  as  the  type  of  the  excrementi- 
tious  fluids.  None  of  its  normal  constituents  belong  to  the  class  of  non-crys- 
tallizable,  organic  nitrogenized  matters,  but  it  is  composed  entirely  of  crys- 
tallizable  matters,  simply  held  in  solution  in  water.  The  solid  constituents 
of  the  urine  represent  the  ultimate  physiological  changes  of  certain  parts  of 
the  organism,  and  they  are  in  such  a  condition  that  they  are  of  no  farther 
use  in  the  economy  and  are  simply  discharged  from  the  body.  Certain  in- 
organic matters  are  found  in  the  excrementitious  fluids,  are  discharged  with 
the  products  of  excretion,  and  are  thus  associated  with  the  organic  constitu- 
ents of  the  body  in  their  physiological  changes  as  well  as  in  their  deposition 
in  the  tissues.  Coagulable  organic  matters,  or  albuminoids,  never  exist  in 
the  excrementitious  fluids  under  normal  conditions  ;  except  as  the  products 
of  other  glands  may  become  accidentally  or  constantly  mixed  with  the  ex- 
crementitious fluids  proper.  The  same  remark  applies  to  the  non-nitrogen- 
ized  matters,  sugars  and  fats,  which,  whether  formed  in  the  organism  o^ 
taken  as  food,  are  consumed  in  the  organism.  The  production  of  the  excre- 
tions is  constant,  being  subject  only  to  certain  modifications  in  activity, 
which  are  dependent  upon  varying  conditions  of  the  system.  All  of  the 
elements  of  excretion  pre-exist  in  the  blood,  either  in  tlie  condition  in 
which  they  are  discharged  or  in  some  slightly  modified  form. 

The  urine  is  a  purely  excrementitious  fluid.     The  perspiration  and  the 
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cretion  of  the  axillary  glands  are  excrementitious  fluids,  but  they  contain  t 
certain  quantity  of  the  secretion  of  the  sebaceous  glands.     Certain  ^ 
mentitious  matters  are  found  in  the  bile,  but  at  the  same  time,  thisfluiii  :^.. 
tains  substances  that  are  formed  in  the  liver^  and  it  has  an  important  Mf^ct 
as  a  secretion,  in  connection  with  the  processes  of  digestion. 

Physiological  Anatomy  of  the  Skin. 

The  skin  is  one  of  the  most  complex  and  important  stractures  in  the 
body,  and  it  has  a  variety  of  uses.  In  the  first  place,  it  forms  a  protect- 
ive coTering  for  the  general  surface*  It  is  quite  thick  over  the  parts  moet 
subject  to  pressure  and  friction,  is  elastic  over  movable  parts  and  those  liable 
to  variations  in  size,  and  in  many  situations,  is  covered  with  hair^  whieh 
affords  an  additional  protection  to  the  subjacent  structures.  The  skin  and 
its  ajipendages  are  in^perfect  conductors  of  caloric,  are  capable  of  r^istinf 
very  considerable  variations  in  tempi^rature,  and  they  thus  tend  to  maintaia 
the  normal  standard  of  the  animal  heat.  As  an  organ  of  sensibility,  the  ^kin 
has  important  uses,  being  abundantly  supplied  with  sensory  nerves,  some  > 
which  present  an  arrangement  {>e€uliarly  adapted  to  the  nice  appreciation  i 
tactile  impressions.  The  skin  assists  in  preserving  the  external  forms  of  I 
muscles.  It  also  relieves  the  abnipt  projections  and  depressions  of  the  , 
eral  surface  and  gives  roundness  and  grace  to  the  contours  of  the  body. 
some  parts  it  is  very  closely  attached  to  the  subjacent  strueturea,  while  i^ 
others  it  is  less  adherent  and  is  provided  with  a  layer  of  adipose  tissue. 

Aa  an  organ  of  excretion,  the  skin  is  very  important ;  and  although  thi» 
quantity  of  excrementitious  matter  exhaled  from  it  is  not  very  great,  the 
evaporation  uf  water  from  the  general  surface  is  always  considerable  and  iii 
subject  to  such  modifications  as  may  become  necessary  from  the  varied  con- 
ditions of  the  animal  temperature.  Thus,  while  the  skin  protects  tlie  bwlj 
from  external  intluences,  its  office  is  important  in  regulating  the  hesat  pro- 
duced as  one  of  the  phenomena  attendant  upon  the  general  process  of  no* 
tritiom 

As  the  skin  presents  such  a  variety  of  uses,  its  physiological  anatomy  is 
most  conveniently  considered  in  cx)nnection  with  different  divisions  of  the 
subject  of  physiology.  For  example,  under  the  liead  of  secretion,  the  struct- 
ure of  the  different  varieties  of  sebaceous  glands  bus  ah'eady  been  describefl ; 
and  the  anatomy  of  the  skin  as  an  organ  of  touch  will  be  most  appropriatelv 
considered  in  connection  with  the  physiology"  of  the  nervous  system.  In 
connection  with  the  excreting  organs  found  in  the  skin,  it  will  be  conTenient 
to  describe  briefly  its  general  structure  and  the  most  important  points  in  the 
anatomy  of  the  epidermic  appendages.  A  full  and  connectal  description  «£ 
the  skin  and  its  ap|>endages  belongs  properly  to  works  upon  anatomy. 

Exteui  and  Thicknei^s  of  the  Skin. — Sappey  has  made  a  number  of  ob 
vations  upju  the  extent  of  the  surface  of  the  skin.     Without  detailing  ' 
measurements  of  different  parts,  it  may  be  stated,  as  the  general  result  of 
observations,  tbat  the  cutaneous  surface  in  a  good-sized  man  is  equal  to  a  ' 
tie  more  than  sixteen  square  feet  (15,000  square  centimetres) ;  and  in  men  of 
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more  than  ordinary  size,  it  may  extend  to  twenty-one  or  twenty-two  square 
feet  ('2  square  metres).  In  women  of  mediiini  size,  iis  the  mean  result  of 
three  observations,  the  surface  was  found  to  equal  about  twelve  and  a  half 
^uare  feet  (11,500  square  centimetres). 

The  thickness  of  the  skin  varies  very  much  in  different  parts.  Whore  it 
is  exposed  to  constant  pressure  and  friction,  a«  on  the  soles  of  the  feet  or  the 
palms  of  the  hands,  the  epidermis  becomes  very  much  thickened,  and  in  this 
way  the  more  delicate  structure  of  the  true  skin  is  protected.  It  is  well 
known  that  the  development  of  the  epidermis,  under  these  conditions,  varies 
in  different  persons,  with  the  jiressore  and  friction  to  which  the  surface  is 
habituaUy  subjected.  The  true  skin  is  ^^  to  J  of  an  inch  {2'1  to  Z'2  mm.) 
in  thickness;  but  in  certain  parts,  particularly  in  the  external  auditory  mea- 
tus, the  lips  and  the  glans  penis,  it  frequently  meaaares  not  more  than  yJir  <*' 
an  inch  (0-254  mm.). 

Lai/eri*  of  the  Skin, — The  ^kin  is  naturally  divided  into  two  principal  lay- 
erB»  which  may  be  readily  separated  from  each  other  by  maceration-  These 
are  the  true  skin — cutis  vera,  derma,  or  coriuni — ^and  the  epidermis,  cuticle, 
or  scarf-skin.  The  true  skin  is  more  or  less  closely  attached  to  the  subjacent 
structures  by  a  fibrous  structure  caned  the  subcutaneous  areolar  tissue,  in  the 
meshes  of  which  there  is  usually  a  certain  quantity  of  adipose  tissue.  This 
layer  is  sometimes  described  under  the  name  of  the  panniculus  adiposus.  The 
thickness  of  the  adipose  layer  varies  very  much  in  different  parts  ijf  the  general 
surfiM?e  and  in  different  persons.  There  is  no  fat  beneath  the  skin  of  the 
eyelids,  the  upper  and  outer  part  of  the  ear,  the  penis  and  the  scrotum.  Be- 
neath the  skin  of  the  cranium,  the  nose,  the  neck,  the  dorsum  of  the  hand 
tid  foot,  the  knee  and  the  elliow,  the  fatty  layer  is  about  -^  of  an  inch  (2"1 
mm.)  in  thickness.  In  other  parts  it  usually  measures  f  to  ^  of  an  inch  (4*iJ 
to  VZ7  mm.).  In  very  fat  persons  it  may  measure  an  inch  (25-4  mm.)  or 
more.  Upon  the  heail  and  the  neck,  in  the  human  subject,  are  muscles  at- 
clied  more  or  less  closely  to  the  skin.  These  are  capable  of  moving  the 
flkin  to  a  slight  extent.  Muscles  of  tliis  kind  are  largely  developed  and  quite 
extensively  distributed  in  some  of  the  low^er  animals. 

There  is  no  sharply  defined  line  of  demarcation  between  the  cutis  and  the 
subcotaneous  areolar  tissue;  and  the  under  surface  of  the  skin  is  always  ir- 
regular, from  the  presence  of  fibres  which  are  neoessarily  divided  in  detach- 
ing it  from  the  subjacent  structures.  The  fibres  which  enter  into  the  com- 
jiosition  of  the  skin  become  looser  in  their  arrangement  near  its  under  surface, 
the  change  taking  place  rather  abruptly,  until  they  present  large  alveoli,  which 
generally  contain  a  certain  quantity  of  adipose  tissue. 

The  layer  called  the  true  skin  is  subdivided  into  a  deep,  reticulated  or 
fibrous  layer,  and  a  superficial  portion,  called  the  papillary  layer.  The  epi- 
dermis is  also  divided  into  two  layers,  as  follows :  an  external  layer,  called  the 
horny  layer;  and  an  internal  layer,  chilled  the  Malpighiun,  or  the  mucous 
layer,  which  is  in  contact  with  the  papillary  layer  of  the  corium. 

The  Corium^  or  True  Skin. — ^The  reticulated  and  the  pupillary  layers  of 
the  true  skin  are  quite  distinct     The  lower  stmtum,  the  reticulated  layer,  is 
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much  thicker  than  the  papillary  layer  and  is  dense,  restitiiig*  quite  elaitk 
and  slightly  contractile*     It  is  canipoeed  of  bundles  of  fibrous  tissue,  iuin- 
hill ng  with  each  other  in  every  direction,  generally  at  acute  anglea.    hkXnV 
uted  throughout  this  layer,  are  found  anastomosing  elastic  fibres  of  the  rnutU 
variety,  and  with  them  a  number  of  non-striated  muscular  fibres.    Thii  pw- 
tion  of  the  skin  contains,  in  addition,  a  considerable  quantity  of  axncrphottt 
matter,  which  aerves  to  hold  the  fibres  together.     The  muscular  fibre*  lit 
jrarticularly  abundant  al>out  the  hair-follicles  and  the  sebaceous  glands  coa* 
neeted  with  them,  and  their  armngement  is  such  that  when  they  are  excitW 
to  contraction  by  cold  or  by  electricity,  the  follicles  are  drawn  np,  projecting 
upon  the  general  surface  and  producing  the  appearance  known  ae"^ goose- 
tle^h/-     Contraction  of  these  fibres  is  particularly  marked  ateut  the  nipplt, 
producing  the  so-called  erection  of  this  organ^  and  about  the  scrotum  and 
IHsiiis,  wrinkling  the  skin  of  these  parts.     The  peculiar  arrangement  of  ihr 
Httle  muscles  around  the  hair-follicles,  forming  little  bands  attached  to  tiiH 
surface  of  tlie  true  skin  and  the  base  of  the  follicles,  explains  fully  the  taan- 
ner  in  which  the  '*  goose-flesh  ''  is  produced.    (See  Fig.  lOT,  jwige  349.)    Con- 
traction of  the  skin,  under  the  stimulus  of  electricitTt  has  been  rejieiilallif 
demonstrated,  both  in  the  living  subject  and  in  executed  criminals  itiitiwdi- 
ately  after  death. 

The  papillary  layer  of  the  skin  passes  insensibly  into  the  subjacent  stmci- 
ure  without  any  marked  line  of  dinsion.  It  is  comprise<i  chiefly  of  amoir* 
phous  matter  like  that  which  exists  in  the  reticulated  layer.  The  papilki 
themselves  appear  to  be  simple  elevations  of  this  amorphous  matter,  althoagh 
they  contiiin  a  few  fibres,  connective-tissue  nuclei  and  little  oorpuioiilir 
bodies  calle<l  cytoblastions  (Robin). 

As  regards  their  form,  the  papilla  may  be  di\ided  into  two  varieties:  the 
simple  and  the  compound.  The  simple  papillae  are  conical,  rounded  or 
club-shaped  elevations  of  the  amoqihous  matter  and  are  irregularly  distrilK 
uted  on  the  general  surface*  The  smallest  are  j^  to  -^  of  an  inch  (3fi  in 
62  ft)  in  length  and  are  found  chiefly  njion  the  face.  The  largest  are  on  tb<» 
palms  of  the  bands,  the  soles  of  the  feet,  and  the  nipple.  These  mcasttir 
whs  to  ^^  of  an  inch  {IdO  to  125  /*).  T^arge  papillae,  regularly  arranged  in 
a  longitudinal  direction,  are  found  lx*neath  the  nails.  The  regular,  conrud 
lines  observed  upon  the  palms  of  the  hands  and  the  soles  of  the  feet,  particn- 
larly  the  palmar  surfaces  of  the  last  phalanges,  are  formed  by  double  rows  of 
compound  papillie,  which  present  two,  three  or  four  elevations  attached  to  a 
single  base.  In  the  centre  of  each  of  these  double  rows  of  papilUe,  is  m  fine 
and  shallow  groove,  in  which  are  found  the  orifices  of  the  sud*    "  '     r.-i. 

The  papilla?  are  abundantly  supplied  with  blood-vessels  i  .  in 

loope<i  capillary  plexuses  and  with  ner\es.  The  termination  of  the  nerves  h 
peculiar  and  will  be  fully  described  in  connection  with  the  organs  of  touck 
The  urrangement  of  the  lymphatics,  which  are  very  abundant  in  the  skifv, 
has  already  Ijeen  indicated  in  the  general  description  of  the  lymphatic  system* 

The  Epkiermis  and  if  a  Appendages. — The  epidermis,  or  external  layer  of 
the  skin,  is  composed  of  cells.     It  has  neither  blood^vesaels,  nenres  nor  lym- 


PHYSIOLOGICAL  ANATOMY  OF  THE  NAILS. 


345 


plmtics.  Its  external  surfiice  is  marked  by  shallow  grooves,  which  correspond 
to  the  deep  furrows  between  the  papillae  of  the  derma.  Its  int^riml  surface 
is  applied  directly  to  the  papillary  layer  of  the  true  skin  and  follows  closely 
all  its  inequalities.  This  portion  of  the  skin  is  subdivided  into  two  tolerably 
distinct  layers.  The  inttniial  layer  is  called  the  rete  mucosnm,  or  the  Mal- 
pighian  layer,  and  the  cxkM'nul  is  called  the  liorny  layer.  These  two  layers 
[jWBBent  certain  important  distinctive  characters. 

The  3Ialpighian  layer  is  composed  of  a  single  stratum  of  prismoidal,  nu- 
cleated cells,  containing  pigmentary  niattt^r,  which  are  applied  directly  to  all 
the  inequalities  of  the  derma,  and  of  a  number  of  layers  of  rounded  cells 
containing  no  pigment.  The  upper  layers  of  cells,  with  the  scales  of  the 
horny  layer,  are  semi-transparent  and  nearly  colorless ;  and  it  is  the  pigment- 
ary layer  chiefly  which  gives  to  the  skin  its  characteristic  color  and  the  pe- 
culiarities in  the  complexion  of  different  races  and  of  diflferent  individuals. 
All  the  epidennic  cells  ure  somewhat  colored  in  the  dark  races,  but  the  upper 
layers  contain  no  pigmentary  granules.  The  thickness  of  the  rete  mucosuni 
is  y^^  to  -^j  of  un  inch  (15  to  :J3:i  /a). 

The  homy  layer  is  com])osed  of  a  number  of  strata  of  hard,  fluttened  cells, 
irregularly  polygonal  in  shape  and  generally  without  nuck'i.  The  deeper 
cells  are  thicker  and  more  rounded  than  those  of  the  superlicial  layers. 

The  epidermis  serves  as  a  profcection  to  the  more  delicate  structure  of  the 
true  skin,  and  its  thickness  is  in  jjroportiou  to  the  exposure  of  the  different 
parts.  It  is  consequently  nuu  h  thicker  upon  the  sf»lcs  of  the  feet  and  the 
palms  of  the  hands  than  in  other  portions  of  the  general  surface,  and  its 
thickness  is  very  much  increased  in  those  who  are  habitually  engaged  in 
manual  labor.  Upon  the  fiu^e  and  eyelttl^,  and  in  the  ext^^a-nal  auditory  pas- 
sages, the  epidermis  is  most  delicate.  The  variations  in  thickness  depend 
entirely  upon  the  development  of  the  horny  layer.  The  thickness  of  the 
rete  mucosum,  although  it  varies  in  different  parts,  is  rather  more  uniform. 

There  is  constantly  more  or  less  desquamation  of  the  epidermis,  particu- 
larly of  the  horny  layer,  and  the  cells  are  regenerated  from  the  subjacent 
parts.  It  is  probable  that  there  is  a  constant  formation  of  cells  in  the  deeper 
strata  of  the  horny  layer,  whit'h  become  flattenc^d  as  they  near  the  surface ; 
but  there  is  no  direct  evidence  that  the  ccUh  of  tlie  rete  mucosum  undergo 
transfiirmation  into  the  hard,  llattetied  scales  of  the  horny  layer. 

Phifsiohf/iral  Anatnmif  uf  the  Naih.^'Vlm  nails  are  situated  on  the  dor- 
mi  surfaces  of  the  distal  plialanges  of  tlie  fingers  and  toes.  They  serve  to 
protect  these  parts,  and  in  tlie  fingers,  they  are  quite  import^iut  in  prehen- 
sriou.  The  gencnd  appearance  of  the  nails  is  sufBciently  familiar.  In  their 
description,  anatomists  have  distinguished  a  root,  a  body  and  a  free  border. 

The  root  of  the  nail  is  thin  and  vsoft,  terminating  in  rather  a  jagge<i  etige, 
which  is  turned  slightly  upward  and  is  received  into  a  fold  of  the  skin,  ex- 
trending  around  the  nail  to  its  free  edge.  The  length  of  the  root  varies  with 
tfie  size  of  the  nail,  but  it  is  generally  one-fourth  to  one-third  of  the  length 
of  the  body. 

The  body  of  the  nail  extends  fmm  the  fold  of  skin  which  covers  the  root, 
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*^'/  ^•^  the  root  of  tlie  natt :  ^  flecCSoo 

oftM^r  hjc  of  ibe  oaQ  :  a«  InnulA ;  4,  tiftiL 

B^cijoi'uvefr    I  L ;  1^  border  of  the  rcmt;;  2,  Itmttta 

and  rcx)t ;  3,  tHnty  ;  4.  fneti'  »>«>p»ler. 

C  tofii^ttidiiuU  aectjou  of  the  oait :  K  2,  epidermis ;  3,  superficial  lajer  of 
(be  luil ;  <,  epidermis  of  the  pulp  of  the  flneer  ;  5,  fl«  true  filftn  :  7,  11, 
bed  of  the  nail ;  8,  Malpligbian  layer  of  the  pulp  of  the  fli 
akin  on  Ihe  dorsal  turfaoe  of  the  finger ;  12,  true  skin  of 
ftofS^  I  IK  lut  phalanx  of  the  linger. 


airer  of  the  pulp  of  the  ftDRtr ;  9,  10, 1 

'"  f  the  pulp  of  the 


to  the  free  border.    This  portion  of  the  nail,  with  the  root,  is  cloepJy  mOm^ 
li  by  its  under  surface  to  the  true  skin.     It  is  marked  by  Ene  bat  disixi^. 

loogittidinal  ftrb 
^  *  ^  and     wy     Wi» 

tmnsterBe  finei 
It  nsuallj  is  itd- 
dLgh  in  color  on  «.w 
i."onnt  of  the  gratf 
Tascularity  of  thr 
subjacent  struct- 
ure. At  the  pc^ 
terior  parti  is  » 
whitiBb  portioiuol 
a  Beniilunar  ihip, 
called  the  loiiidi, 
which  baa  thisft]^ 
pearance  fiimplj 
from  the  faolthst 
the  ooriiim 
part  is  less  vascular  and  the  papilla?  are  not  so  regular  as  in  the  restl 
body.  That  portion  of  the  skin  situated  beneath  the  root  and  the  bodyjj 
the  nail  is  called  the  matrix.  It  presents  highly  vascular  papillie, . 
in  regular,  longitudinal  rows,  and  it  receives  into  its  frrooves  cor 
ridges  on  the  under  surface  of  the  nail. 

The  free  border  of  the  nail  bef^ins  where  the  nail  beroTues  dctacfaeA^ 
the  skin.     This  is  generally  cut  or  worn  away  and  is  constantly 
but  if  left  to  itself,  it  attains  in  time  a  definite  length*  which  may  be  stated, 
in  general  terms,  to  be  an  inch  and  a  half  to  two  inches  (40  to  50  mm«V 

On  examining  the  nail  in  a  longitudinal  section^  the  homy  layer,  whici 
usually  reganled  as  the  true  nail,  is  found  to  increase  progre^vely  in  thick- 
ness from  the  root  to  near  the  free  border.  If  the  nail  be  e3camined  in  a 
transverse  section,  it  will  also  be  found  much  thicker  in  the  central  portmi 
than  near  the  edge,  and  that  part  which  is  received  into  the  lateral  portioiii 
of  the  fold  becomes  excessively  thin  like  the  rest  of  the  root  The  naQ  i 
comes  somewhat  thinner  at  and  near  the  free  herder. 

Sections  of  the  nails  show  that  they  are  composed  of  two  layers^  whi 
correspond  to  the  Malpighian  and  the  homy  layers  of  the  epidermis^  alt hoii| 
they  are  much  more  distinct*  The  Malpighian  layer  is  applied  directly  to 
the  ridges  of  the  bed  of  the  nail  and  presents  upon  its  upper  surface  rid^ 
much  less  strongly  marked  than  those  of  the  underlying  true  skin.  Tim 
layer  is  rather  thinner  than  the  horny  layer,  is  whitish  in  color,  and  is  com- 
posed of  a  number  of  strata  of  elongated,  prismoidal,  nucleated  cells,  arranged 
perpendicularly  to  the  matrix. 

The  homy  layer,  which  constitutes  the  true  nail,  is  applied  by  its  nnd 
surface  directly  to  the  ridges  of  the  Malpighian  layer.  It  is  dense  and  brit 
and  is  composed  of  strata  of  flattened  cells  which  can  not  be  isolated  without 
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the  use  of  reagents.  If  the  diflterent  strata  of  this  portion  of  the  nail  be 
studied  after  boiling  in  a  dilute  solution  of  sodium  or  j>ota8sium  hydrate^ 
it  becomes  evident  that  here,  as  j^ 

in  the  horny  layer  of  the  epider- 
mis, the  lower  cells  are  rounded, 
while  those  nearer  the  surface 
are  flattened.  These  cells  are 
nearly  all  nucleated.  The  thick- 
Q6Sg  of  this  layer  varies  in  differ- 
ent portions  of  the  nail,  while 
that  of  the  Malpighian  layer  is 
nearly  uniform.  This  layer  is 
constantly  growing,  and  it  con- 
stitutes the  entire  substance  of 
the  free  borders  of  the  nails. 

The  connections  of  the  nails 
with  the  true  skin  resemble  those 
of  the  epidermis;  but  the  rela- 
tions of  tliese  structures  to  the 
epidermis  itself  are  somewhat 
peculiar.  Before  the  fourth 
month  of  foetal  life,  the  epider* 
mis  covering  the  dorsal  sui-faeeB 
of  the  last  phalanges  of  the  fin- 
gers and  toes  does  not  present 
any  marked  peculiarities ;  hut  at 
about  the  fourth  montli»  the  pe- 
culiar hard  cells  of  the  liorny 
layer  of  the  nails  make  their  ap- 
pearance between  the  llnlpighi- 
an  and  the  homy  layer  of  the 
epidermis,  and  at  the  same  time  the  Malpighian  layer  beneath  this  plate, 
which  is  destined  to  become  the  Malpighian  layer  of  the  nails,  is  thickened 
and  the  cells  assume  a  more  elongated  form*  The  horny  layer  of  the  nails 
constantly  thickens  from  this  time ;  but  until  the  end  of  the  fifth  month, 
it  is  covered  by  the  horny  layer  of  the  epidermis.  After  the  fifth  month, 
the  epidennis  breaks  away  and  disajipears  fi'orn  the  surface;  and  at  the 
seventh  month,  the  nails  begin  U)  increase  in  length.  Thus,  at  one  time, 
the  nails  are  actually  included  between  the  two  layers  of  the  epidermia ;  but 
after  they  have  become  developed,  they  are  simply  covered  at  their  roots  by  a 
narrow  border  of  the  horny  layer.  The  nails  are  therefore  to  he  regarded  m 
modifications  of  the  horny  layer  of  the  epidermis,  possessing  certain  anatom- 
lied  and  chemical  peculiarities.  The  Malpighian  laver  of  the  nails  is  con- 
tinuous with  the  same  layer  of  the  epidermis,  but  the  horny  layers  are  dis- 
tinct. 

One  of  the   moat   striking  peculiarities  of  the  nails  is    their  mode  of 
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FM.  10^— Section  of  tti>  notl  r  ic.  tSappey). 

A, section  of  th<*  nail :  1,  I,  mip«*rtlcij(il  ljiiy*'r  ;  2,  diH'ii  Inyer ; 
a.  Jl,  4,  4,  sectluri  of  the  |a"tH>ve^  citi  the  attju^-bed  siir- 
fttw  :  5,  fj.  iHiioti  of  the  Kui^t-rncial  with  the  deept^yer  j 
6.  ft,  dark  lliii^  between  ttit*  tivi>  lii3'ej«. 

B.  eellH  of  the  mi^M-ttleial  layf  r,  lateral  view, 

O,  eells  of  the  miperflcial  layer,  flat  view. 

D,  cells  of  the  de*^p  lay  en 
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growth*  The  Malpighian  layer  is  Btationarj,  but  the  homy  layer  k  cm- 
fitantly  growing,  if  the  nails  he  cut,  from  the  root  and  bed.  It  is  eridcmi  Uat 
the  nails  grow  from  the  bed,  m  their  thickness  progressiTely  inereaaes  id  \kr 
body  from  the  root  to  near  the  free  border;  but  their  longitudinal  enrortfc  i* 
by  far  the  more  rapid.     Indeed,  the  nails  are  constantly  \*  m^r^ 

increasing  in  thickness  as  they  advance.     Xear  the  end  of  i  -if  ti> 

nail,  as  the  horny  layer  becomes  thinner,  the  growth  from  beloir  i^  dimin- 
ished. 

Phtfsmhgical  Anatomy  of  the  Hairs, — Hairs,  rarying  gnmtlj  to  sis^ 
cover  nearly  every  portion  of  the  cutaneous  8urfaoe.  The  only  puu  h 
which  they  arc  not  found  are  the  palms  of  the  hands  and  soles  of  the  fedtlir 
palmar  surfaces  of  the  fingci-s  and  toes,  the  dorsal  surfaces  of  the  laat  plmlaiigts 
of  the  fingers  and  toes,  the  lips,  the  upper  eyelids,  the  lining  of  the  pnqiuif 
and  the  glans  |)enis.  Some  of  the  hairs  are  long,  others  are  short  and  ^. 
and  othej's  are  fine  and  downy.  These  differences  have  led  to  a  diviMoti  u( 
the  hairs  into  tliree  varieties : 

The  first  variety  includes  the  long,  sott  hairs,  which  are  found  on  thf 
head,  on  the  face  in  the  adult  male,  around  the  genital  organs  and  under  ;br 
arms  in  both  the  male  and  the  female,  and  sometimes  upon  the  breaist  aTni 
over  the  general  surface  of  the  body  and  extremities,  particularly  in  the  m&k 

The  second  variety,  the  short,  stiff  hairs,  is  found  just  within  the  Dostnk 
upon  the  edges  of  the  eyelids  and  upon  the  eyebrows. 

The  third  variety,  the  short,  soft,  downy  hairs,  is  found  on  piirta  of  the 
general  surface  not  occupied  by  the  long  hairs,  and  in  the  caruncola  laehry- 
malis.     In  early  life,  and  ordinarily  in  the  female  at  all  ages.  ' '  iik  aiw 

extremities  are  covered  with  downy  hairs;  but  in  the  adult  n  -j?  frt-- 

quently  become  developed  into  long,  soft  hairs. 

The  hairs  ore  usually  set  obliquely  in  the  skin  and  take  a  deJinvi- 
tion  as  they  lie  upon  the  surface.     Upon  the  head  and  face,  and,  indi 
entire  surface  of  the  body,  the  general  course  of  tlie  hairs  may  |je  foHuweii 
out,  and  they  present  currents  or  sweeps  that  have  nearly  always  the  same 
directions  in  diffcrt^nt  persons. 

The  diameter  and  length  of  the  hairs  are  variable  in  different  personi^  cp- 
peciall^^  in  the  long,  soft  hairs  of  the  beiid  and  beard.  It  may  be  state*!  in 
general  terms  that  the  long  hairs  attain  the  lengtli  of  twenty  inches  to 
three  feet  (500  to  900  mm-)  in  women,  and  considerably  less  in  men.  like 
the  nails,  the  hair,  when  left  to  itself,  attains  in  thix«  or  four  years  a  definite 
length,  but  when  it  is  habitually  cut  it  grown  constantly.  The  short* 
stiff  hairs  are  J  to  J  of  an  inch  (C-4  to  12-7  nun.)  in  length.  Thi' 
soft,  downy  hairs  measure  ordinarily  iV  ^^  i  **^  ^^  ^^-^  V^'^  ^*^  ^*'^  mm  )  in 
length* 

Of  the  long  hairs,  the  finest  are  upon  the  head,  where  they  averagt*  jtij^un 
jjf^  of  an  inch  (04  /a)  in  diameter.  The  hair  ordinarily  is  coarser  in  women 
than  in  rnxm.  Dark  Imir  is  generally  coarser  than  light  hair ;  and  uj>un  the 
same  head  the  extremes  of  variation  are  sometimes  observed.  The  hairs  of 
the  beard  and  the  long  hairs  of  the  body  are  ooaraer  than  the  hairs  of  tht 
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friction ;  and  this  is  pttrticularly  marked  when  the  weather  is  cold  anU  <iiT. 

The  electrieity  thus  excited  is  negative.  Sections  of  t)ie  sliafi  of  tJi^ 
show  that  they  are  oval,  but  their  shape  is  very  variable,  sti^aight  haira  ^  n^ 
nearly  round,  while  curled  hairs  are  quite  flat.  Another  peculiarity  of  the 
hairs  is  that  they  are  strongly  hygrometric.  They  readily  absorb  moi^tTire 
and  become  sensibly  elongated,  a  property  which  has  been  min]^^  u>i*  nf  U 
physicists  in  the  construction  of  delie-ate  hygrometers. 

Jioois  of  the  Hairs^  and  Hair 'follicles, — The  nxjts  of  the  liar 
bedded  in  follicular  openings  in  the  skin,  which  differ  in  the  ditL  r  r 
eties  only  in  the  depth  to  which  they  penetrate  the  cutaneous  gtmcture.    hi 
the  do^-ny  hairs,  the  roots  pass  only  into  the  superficial  layers  of  the  trat 
skin ;  but  in  the  thicker  liairs,  the  roots  pass  through  the  skin  and  penetralr 
tlie  subcutaneous  eellulo-adipose  tissue. 

The  root  of  the  hair  is  softer,  rounder  and  a  little  larger  than  the  *li*ft 
It  becomes  enlarged  into  a  rounded  bulb  at  the  bottom  of  the  follicle,  and  Jt^X* 
n]\on  a  fungiform  papilla^  constricted  at  its  base,  to  which  the  hair  18  closely 
attached. 

The  hair-follicles  are  tubular  inversions  of  the  structures  that  compose  the 
corium,  and  their  walls  present  three  membmnes.  Their  length  is  ^^  to  1  of 
an  inch  (2*1  to  6*4  mm,).  The  menibnine  that  forms  the  external  coat  of  the 
follicles  is  composed  of  inelastic  fibres,  generally  arranged  longitudinally.  It 
is  provided  with  blood- vessels^  a  few  nerves  and  some  connective-tissue  ele- 
ments,  but  no  ehistic  tissue.  This  is  the  thickest  of  the  three  membranes  and 
is  closely  connected  with  the  corium.  Next  to  this,  is  a  fibrous  membrane 
composed  of  fusiform,  nucleated  fibres  arranged  transversely.  These  re- 
semble non-striated  muscular  fibres.  The  internal  membnme  is  structureki|_ 
and  corresponds  to  the  amorphous  layer  of  the  true  skim  The  papilla  at  t 
bottom  of  the  hair-sac  varies  in  size  with  the  size  of  the  hairs  and  is  i 
nected  with  the  fibrous  layers  of  the  walls  of  the  follicle.  It  is  composed 
amorphous  matter,  with  a  few  granules  and  nuclei,  and  it  probably  eontaiiu 
blcKwl-vessels  and  nerves,  although  the^  are  not  very  distinct. 

Although  the  different  membranes  of  the  hair-follicles  aresnfRcientlyi 
ognizable,  it  is  evident  that  the  hair-sac  is  nothing  mor©  than  an  inversion  of 
the  corium,  with  certain  modifications  in  the  charact'er  and  arrangement 
of  its  anatomical  elements.  The  fibrous  membranes  correspond  to  the  deeper 
layei-s  of  the  true  skin,  without  the  elastic  elements ;  and  they  present  a  pecul- 
iar arrangement  of  its  inelastic  fibres,  the  external  fibres  l:>eing  longitudiv 
and  the  internal  fibres  transverse.  The  structureless  membrane  correspon 
to  the  upper  layers  of  the  true  skin,  which  are  composed  chiefly  of  aniorphc 
matter.  The  hair-papilla  corresponds  to  tlie  papillae  on  the  gcnenil  surf 
of  the  corium. 

The  investment  of  the  root  of  the  hair  presents  two  dis^iinci 
called  the  external  an^l  internal  root-sheaths.  The  external  root-sheath 
three  or  four  times  as  thick  as  the  inner  membrane,  and  it  corresponds  ex* 
actly  with  the  ilalpighian  layer  of  the  epidermis.  This  sheath  is  continu- 
ous with  the  bulb  of  the  liair.     The  internal  root-sheath  id  a  transpareat 
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membrane,  composed  of  Hattetied  ceUs,  generally  without  nuclei.  This 
extendB  from  the  bottom  of  the  hair-folUcle  and  covers  the  lower  two-thirds 
of  the  root. 

Struclure  of  the  Hairs. — The  different  varieties  of  hairs  present  certain 
peeuliiiritics  in  their  anatomy,  but  all  of  thorn  are  composed  of  a  fibrous 
structurt*  forming  the  greater  part  of  their  substance,  covered  by  a  thin  layer 
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of  imbricated  cells.  In  the  short,  stiff  hairg,  and  in  the  long,  white  hairs, 
there  is  a  distinct  medullary  substance ;  but  this  is  wanting  in  the  downy 
hairg  and  is  indiiitinct  in  nniny  of  the  long,  dark  hairs. 

The  tibrons  substance  of  the  hairs  is  composed  of  hard,  elongated,  longi- 
tudinal fibres,  which  can  not  be  ii^jlated  without  the  aid  of  reagents.  Thoy 
may  be  separated^  however,  by  mtir^eration  in  warm  sulphuric  acid,  wlicn 
they  present  themselves  in  the  form  of  dark,  irregular,  sjiindle-^shaped  |>ljite8» 
The^  contain  pigmentary  nuitter  of  various  shades  of  color,  occasional  cavi- 
ties filletl  with  air,  and  a  few  nuclei.  Tlie  pigment  may  be  of  any  shade, 
between  a  light  yellow  and  an  intense  black ;  and  it  ib  this  substance  tliat 
gives  to  the  hair  the  great  variety  in  color  w^hieli  is  observed  in  ditTercnt 
persons.  In  tlie  lower  part  of  the  root  the  fibres  are  much  ^liort^r,  and  at 
the  bulb  they  become  tnmsformed,  as  it  were,  into  the  soft,  rounded  colls 
found  in  this  situatitm,  covering  the  papilla. 

The  epidermis  of  the  hair  i.s  very  thin  and  is  composefl  of  flattened, 
quadrangidar  plates,  overlying  each  other  from  below  upward.  These  scales, 
or  plates,  are  without  nuclei,  and  they  exist  in  a  single  layer  over  the  abaft 
of  the  hair  and  the  upper  part  of  it^  root ;  but  in  the  lower  part  of  the  root, 
the  cells  are  thicker,  softer,  are  frequently  nucleated,  and  they  exist  in  two 
layers. 

The  medulla  is  found  in  the  short,  stiff  hairs,  and  it  is  often  very  distinct 
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in  the  long,  white  hairs  of  the  heaii  It  occupies  one-fourth  to  one-third  rf 
the  diameter  of  the  hair*  The  medulla  can  be  traced,  under  favorable  cxm- 
dition^,  from  just  above  tlie  Imlb  t^)  near  the  pointed  extremity  of  the  h&ir. 
It  is  composeil  of  stuiill,  rounded,  nucleated  celk,  wliich  frequently  eontain 
diirk  gninules  of  pigmentary  matter.  Mixed  ^ith  these  cells  are  air-gloU 
ales;  and  frequently  the  cells  are  interrupted  for  a  short  distance  and  tlir 
space  h  tilled  with  air.  The  medulla  likewise  contains  a  glutinous  fluiij  U* 
tween  the  cells  and  surrounding  the  air-globules. 

Growth  of  the  Hnir». — Althougli  not  pro\ided  with  bhx>d  and  defoid 
of  sensibility,  the  hain?  are  connected  with  vascular  parts  and  are  nouri'ihMl 
by  imbibition  from  the  papillre.  Each  hair  is  first  developed  in  a 
sac,  and  at  about  the  sixth  month  of  intrauterine  life,  its  pointed  extiv,...., 
perforates  the  epidermis.  These  first-formed  hairs  are  afterward  shed,  like 
the  milk-teeth,  being  pushed  out  by  new  btiirs  from  below,  which  latter  aris»* 
from  a  second  and  a  more  deeply  seated  papilla.  This  shedding  of  the  bair< 
usually  takes  place  l>etween  the  Becond  and  the  eighth  month  after  birth 

The  dilTerence  in  the  color  of  the  hair  depends  up<in  differences  i 
quantity  and  tlie  tint  of  the  jjignientary  matter;  and  in  old  age  the  b;i 
comes  white  or  gray  from  a  bhinching  of  the  cortex  and  medulla. 

SffdfieN  Bhmehiiqt  of  ihfi  Iltttr, — There  are  a  few  instances  on  ret^onl  in 
which  suddt'U  blanching  of  the  hair  h^is  been  observed  and  the  causers  of  ihi? 
remarkable  phenomenon  fully  investigated  by  competent  observers;  and  it 
19  ahnost  unnecessary  to  say  that  a  single,  well  autlienticat4?d  case  of  thi^  kind 
demonstrates  the  possibility  of  its  oceurrc*nee  and  is  important  in  ciumection 
with  the  reported  instances  which  have  not  been  subjected  to  proper  invt*!«ti- 
gation,  (hie  of  these  cases  has  been  reported  by  Landois.  In  this  insL 
the  blanching  of  the  hair  occurred  in  a  hospital  in  a  single  night,  while  I 
patient,  who  had  an  acute  attack  of  delirium  tremens,  was  under  the  d^ 
observation  of  the  visiting  physician. 

The  microscopical  examinations  by  Landois  and  others  leave  no  doubt  j 
to  the  cause  of  the  white  color  of  the  hair  in  cases  of  sudden  blanching ; 
the  fact  of  the  occurrence  of  this  phenomenon  can  no  hunger  be  calleti 
question.     All  are  agi*eed  that  there  is  no  diminution  in  the  pigment, 
that  the  gre4iter  part  of  the  medulla  banjmes  filled  with  air,  small  gloh 
being  also  fi>und  in  the  cortical  substance.     The  hair  in  these  case 
a  marked  contrast  with  hair  that  ha**  gradually  become  gray  from  old 
when  there  is  always  a  loss  of  pigment  in  the  cortex  and  meilulla.     How 
iiir  finds  its  way  into  the  hair  in  suddi^n  blanching,  it  is  diHieult  to  und 
stand ;  and  the  views  that  have  been  expressed  on  this  subject  by  diffe 
authors  are  entirely  theoretical. 

The  fact  that  the  hair  may  become  white  or  gray  in  the  course  of  a 
hours  renders  it  jirobahle  that  many  of  the  cases  reported  upon  nnscienti 
authority  actudly  occurred ;  and  these  have  all  been  supposed  to  l>e 
nectai  with  intense  grief  or  terror.     Tlie  terror  was  very  marked  in  the 
reimrttKl  hy   Landois.     In  the  great  majority  of  recorded  obserrations, 
sudden  blanching  of  the  hair  has  been  apparently  connected  with  int 
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mental  emotion ;  but  this  is  all  that  can  be  said  on  the  snbjeot  of  cuusation, 
and  the  mechanism  of  the  change  is  not  understood. 

Uses  of  the  Hnir. — The  hairs  serve  an  important  purpose  in  the  protec- 
tion of  the  general  surface  aud  in  guarding  eertuiu  of  the  oritices  of  the  body. 
The  hair  upon  the  heiul  and  the  faee  |iroteets  from  cold  aud  shields  the  head 
from  the  rays  of  the  sun  during  exposure  in  hot  climates.  Ahhoiigh  the 
quantity  of  hair  iipoTi  the  general  surfac^e  is  small,  as  it  is  a  very  imperfect 
conductor  of  caloric,  it  serves  in  a  degree  to  maintain  the  heat  of  the  body. 
It  also  moderates  the  friction  upon  the  surface.  The  eyebrows  prevent  the 
j>erT?pimtion  from  running  from  the  forehead  upon  the  litis ;  the  eyelashes 
protec^t  the  surface  of  the  eonjinietiva  from  dost  and  other  foreign  matters; 
the  mustache  protects  the  lungs  from  dost,  which  is  very  important  in  per- 
sons exposed  t-o  dust  in  long  jnurueys  or  in  their  daily  work  ;  and  tlie  short, 
stiff  hairs  at  the  openings  of  the  ears  and  nose  protect  these  oritices.  It  is 
diflicuU  to  assign  any  special  oftice  to  the  hairs  in  some  other  situations,  but 
their  general  uses  are  suttieiently  evident. 

Perspiratiox. 

In  the  fullest  aceeptatinn  of  the  term,  pers])imtion  embraces  the  entire 
action  of  the  skin  ai>  an  excreting  organ  and  includes  the  exhalation  of  carbon 
dioxide  as  well  as  of  watery  vapor  and  organic  matters.  The  otficc  of  the 
skin  as  an  eliminator  is  undoubtedly  very  important ;  but  the  quantity  of 
excrementitious  matters  with  the  proper tie-s  of  which  physiologists  are  well 
acquainted,  such  as  carbon  dioxitle  and  urea,  thrown  off  from  the  genend 
surface,  is  small  as  compared  with  what  is  exlialed  by  the  lungs  and  discharged 
by  tlie  kidneys.  If  the  surface  of  the  body  be  covered  with  an  impermeable 
coating,  death  oeeurs  m  a  very  short  time  ;  but  the  plienomena  which  precede 
the  fatiil  residt  are  dilhcult  to  exjdaiu.  All  that  can  be  mi^l  upon  this  point 
is  that  death  takes  place  when  the  heat  of  the  body  has  been  reduced  to  about 
TO"*  Fahr.  ("21'^  C),  and  that  suppression  of  the  action  of  the  skin  in  this  way 
ig  always  followed  by  a  det>ression  of  the  auimal  tcmpemture.  Warm-blooded 
animals  die  usually  when  more  than  one*half  of  the  genend  surface  has  been 
varnished.  Rabbits  die  when  one*fourth  of  the  surface  has  been  covered 
with  an  impermeable  coating  (Lasc  hkewitsch).  Valentin  and  LaschkewiLseh 
found  that  when  the  temperature  was  kept  at  about  the  normal  standard  by 
artificial  meuns,  no  morbid  symptoms  were  developed.  The  cause  of  de^th 
in  these  experiments  has  never  been  satisfactorily  explain wl ;  and  it  is  not 
easy  to  understand  why  coating  the  surface  should  be  folio wcfl  by  stich  a 
rapid  diminution  in  the  geneml  temperature.  The  experi mental  facts,  how- 
ever, indicate  that  the  skin  probably  possesses  important  uses  with  which 
physiologists  arc  unacqtuunted.  Urea  and  s^>me  other  etfete  products  have 
been  detected  in  the  perspiration,  but  it  is  probable  that  some  volatile  mat* 
ters  are  eliminaUHl  by  the  general  surface,  which  have  thus  far  escaped  ob- 
aervation. 

Sudoriparous  Glands. — With  few  exceptions,  every  portion  of  the  skin 
is  provided  with  sudoriparous  glands.     They  are  not  found,  however,  in  the 
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skin  covering  the  concave  surface  of  the  conclia  of  the  ear,  the  glans 
the  inner  lamella  of  the  prepuce^  and  unless  the  ceruminous  glands 
garded  as  sudonparons  organs,  in  the  external  auditory  meatog. 
On  examining  the  surface  of  tlie  skin  vnXh  a  low  magnifvin 
ciallj  on  the  palms  of  the  hands  and  the  jvoles  of  the  feet^  the  - 

sudoriferous  ducts  may  be  seen  in  the  mii 
die  of  the  papillary  ridges,  forming  a  rej 
lar  line  in  the  shallow  groove  between  tJ 
two  rows  of  papilte.     The  tubes  alwaj 
open  upon  the  surface  obliquely.     In  a  thi 
section  of  the  skin,  the  duct«  are  seen 
ing  through  the  different  layers  and  t 
minating   in  rounded,  convoluted  coils 
the  subcutaneous  structure.     The«e  littli 
rounded  or  ovoid  bodies,  which  are  the  » 
dori parous,  or  sw^eat-prodncing  straetn; 
may  l>e  seen  attached  to  the  under  surfj 
of  the  skin  when  it  has  been  removed  fro 
the  subjacent  parts  by  maceration.    A  per- 
spiratory gland  consists,  indeed,  of  a  sim] 
tul>e,  ])resenting  a  coiled  mas?,  the  sudori 
arous  portion,  beneath  the  ekin,  and  a  tulje  of  greater  or  less  length,  in  pi 
portion  to  the  thickness  of  the  cutaneous  layers,  which  is  the  excretory  dui 
or  the  sudoriferous  portion. 

The  glandular  coils  are  y|j  to  ^  of  an  inch  (0*2  to  1  mm.)  in  diametif^ 
the  smallest  coils  being  found  beneath  the  skin  of  the  penis,  the  scrotum,  tl 
eyelids,  the  nose  and  the  convex  surface  of  the  concha  of  the  ear,  and 
largest,  on  the  areola  of  the  nipple  and  the  perineum.     Very  large  glands 
found  mixed  with  smaller  ones  in  the  axilla,  and  these  prmiuce  a  pecul 
secretion.    The  coiled  portion  of  the  tube  is  about  yf^  of  an  inch  (O-Oi  m: 
in  diameter,  and  presents  six  to  twelve  turns.    It  consists  of  a  sharply  defin< 
strongs  external  membnuie,  which  is  very  tninsparent,  uniformly  granular 
sometimes  indistinctly  striated*    The  tube  is  of  uniform  diameter  through 
the  coil  and  tei-minates  in  a  very  slightly  dilated,  rounded,  blind  extremi 
It  is  filled  with  epithelium  in  the  form  of  finely  granular  matter,  usually 
eegmentetl  into  cells,  and  is  provided  witli  small,  oval  nuclei.     The  gland 
mass  is  surrounded  by  a  plexus  of  capillary  blood-vessels,  which  send  a  U 
small  branches  between  the  con\*olutions  of  the  coil.     Sometimes  the  coil 
enclosed  hi  a  delicate  fibrous  envelope. 

The  excretory  duct  is  simply  a  continuation  of  the  glandular  coil-     Its 
course  through  the  layers  of  the  true  skin  is  nearly  straiglit.     It  then  passes 
into  the  epidermis,  betw^een  the  papilla?  of  the  corium,  and  presents,  in  this 
layer,  a  number  of  spiral  turns.     The  spirals  vary  in  number  acconiing 
the  thickness  of  the  epidermis.     8is  to  ten  are  found  in  the  pjdms  of 
hands  and  twelve  to  fifteen  in  the  soles  of  the  feet  (Sappey).     As  it  emei 
from  the  glandular  coil,  the  excretory  duct  is  somewhat  narrower  than  the 
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tube  in  the  secreting  portion ;  but  as  it  ptisses  through  the  epidermis,  it  again 
becomes  larger.  It  possesses  the  same  external  membrane  as  tlie  glandular 
coil  and  is  lined  generally  by  two  layers  of  cells* 

In  a  section  of  the  skin  and  the  aubcutimeous  tii^sue,  involving  several  of 
the  sudoriparous  glands  with  their  dncts,  it  is  st*en  that  the  glandular  coils 
generally  are  situated  at  ditTerent  planes  be- 
neath the  skin,  as  is  iudicjited  in  Fig,  112. 

Sudoriparous  glands  in  the  axilla  have  been 
described  which  do  not  differ  so  much  from 
the  glands  in  other  parts  in  their  anatomy  as 
in  the  character  of  their  secretion*  The  coil 
in  these  glands  is  much  larger  ihan  iti  other 
parts,  measuring  ^  to  ^  of  an  iiu*h  (1  to  2 
mm.) ;  the  walls  of  the  tube  are  thicker,  and 
they  present  an  investment  of  fibrous  tissue 
with  an  internal  layer  of  longitudinal,  non- 
striated  muscuhir  tibres ;  and  finally,  tlie  tulies 
of  the  coil  itjself  are  linefl  with  cells  of  epithe- 
lium. These  glands  are  very  abundant  in  the 
axilla,  forming  a  continuous  layer  beneath  the 
skin.  Mixed  with  these,  are  a  few  glands  of 
the  ordinary  variety. 

Estimates  have  lioen  made  of  the  number 
of  sudoriparous  glan<ls  in  the  body  and  the 
probable  extent  of  the  exhalant  surface  of  the 
skin,  but  they  are  to  be  taken  as  merely  approx- 
imate, Krause  found  great  cliirerences  in  the 
number  of  perspiratory  openings  in  dilfcrent 
jwrtions  of  the  skin;  but  taking  an  average 
for  the  entire  surface,  it  was  estimated  that 
the  entire  number  of  perspiratory  glands  is 
2,381,t?48;  and  assuming  that  each  coil  when  unravelled  measures  about  ^ 
of  an  inch  (1-8  mm.),  the  entire  length  of  the  secreting  tnbes  is  alMmt  2jc 
miles  (3|  kilometres).  It  must  be  remembered,  however,  that  the  length  of 
the  secreting  coil  only  is  given,  and  that  the  excretoi-y  ducts  are  not  included. 

Mechanism  of  iJiP  Secret io ft  of  Streaf, — The  action  of  the  skin  as  a  gland u* 
lar  organ  is  continuous  and  not  intermittent ;  but  under  ordiTiary  conditions, 
the  sweat  is  exhaled  frnm  the  general  surface  in  the  form  of  vapor.  With 
regard  to  the  mechanism  of  its  sepanktion  from  the  blood,  nothing  is  to  be 
said  in  addition  to  the  general  remarks  upon  the  subject  of  secretion;  and 
it  is  probable  that  the  epithelium  of  the  secreting  coils  is  the  active  agent  in 
the  selection  of  the  peculiar  matters  which  enter  into  its  composition.  There 
are  no  examples  of  the  separation  by  glandular  organs  of  vapor  from  the 
blood,  and  the  perspiration  is  secreted  as  a  liquid,  which  becomes  vaporous 
as  it  is  discharged  upon  the  surface. 

The  influence  of  the  nervous  system  upon  the  secretion  of  sweat  is  impor- 
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tant  It  ig  well  known,  for  example,  that  an  abundant  prodaction  of  per* 
apiration  is  fref|uently  the  result  of  mental  emotions.  Bernard  has  shown 
that  the  nervous  intiiienee  may  l>e  exerted  through  the  sympathetic  s>*item. 
He  divided  the  sympathetic  in  the  neck  of  a  horse,  producing  aa  a  oona^ 
quenee  an  elevation  in  temperature  and  an  increase  in  the  arterial  presf^ort* 
in  the  part  sup{>lied  with  branches  of  tlie  nerve.  He  found,  al^,  that  thf 
skin  of  tlie  part  became  covered  with  a  copious  perspiration.  U}K)n  bV.iv.u- 
lating  the  divided  extremity  of  the  nerve,  the  secretion  of  sweat  was  arr»A-h  a 
Tile  local  secretion  of  sweat  after  division  of  the  sympathetic  in  the  nt^k  of 
the  horse  was  first  observed  by  Dupuy,  in  181<i. 

The  stimulation  as  well  as  the  division  of  certain  nerves  indaeee  loc»I 
secretion  of  sweat,  but  this  is  nearly  always  associated  with  dilatation  of  ibr 
blood- veivsels  of  the  part;  still,  sweat  is  frefjuently  secreted  when  the  surfaa* 
is  pale  and  bkx)dless,  showing  that  dilatation  of  the  hi cxmI- vessels  is  not  an 
indisiDcnsable  condition.  The  action  of  the  so-called  vaso-dilator  nerves  will 
be  trt^ated  of  in  connection  with  the  phvsiology  of  the  nervons  system,  b 
experiments  upon  the  cat,  ex ci to- secretory  fibres  have  been  found  to  exist  in 
the  cerebro-spinal  nerves  goin^  to  the  anterior  extremities.  The  fibres  for 
the  posterior  extreinitie^s  are  in  the  sheath  of  tlie  sciatic  nerve.  In  all  in* 
stimccs  the  action  of  these  nerves  h  direct  and  not  reflex.  Experiments  upn 
the  cat  have  been  very  satisfac^tory,  as  this  animal  sweats  only  on  the  soles  of 
the  feet,  and  the  secretion  can  be  readily  observed. 

The  so-called  sweat-centres  are  in  the  lower  part  of  the  dorsal  region  ( 
the  spinal  cord,  for  the  posterior  extremities,  and  in  the  lower  part  of  1 
cer\ical  regie m  of  the  cord,  for  the  anterior  extremities.  According  to  Ad 
kiewicz,  both  of  these  centres  are  subonlinate  to  the  princi|ml  sw^eat-centw, 
which  is  situated  in  the  medulla  oblongata.  Ott  has  collected  a  nunilxT  of 
cases  of  disease  of  the  cord  in  the  human  subject,  which  go  far  to  coiitinn 
the  results  of  experiments  on  the  inferior  animals,  with  regard  to  the  action 
of  exci to-secretory  nerves  and  sweat-centres. 

When  the  skin  is  in  a  iiomxal  condition,  after  exercise  or  whenever  th€£i5_ 
is  a  tendency  to  elevation  of  the  animal  temperature,  there  is  a  determinate 
of  blood  to  the  surface,  accompn-nied  with  an   increase  in  the  secretion  i 
sweat.     This  is  the  tmse  when  tiie  body  is  exposed  to  a  high  temperatu 
and  it  is  by  an  increase  in  the  transpiration  from  the  surface  that  the  animal 
heat  is  maintained  at  the  normal  standard. 

Quant  it  jf  of  Cutaneous  Exhatatinn, — The  quantity  of  eutaneoiig  asdialn- 
tion  is  subject  to  great  variations,  depending  upon  conditions  of  tcrapemtii 
and  moisture,  exercise,  the  quantity  and  character  of  the  ingesta,  etc.  >U 
of  these  variations  relate  to  the  action  of  the  skin  in  regulating  the  temfH 
ture  of  tlie  l>ody ;  and  it  is  probable  that  the  elimination  of  excrementitic 
matters  by  the  skin  is  not  subject,  under  normal  conditions,  to  the 
mo*iifications,  althougli  positive  experiments  upon  this  point  are  wan  til 
When  there  is  such  a  wide  range  of  variation  in  diflferent  individuals  and 
the  same  person  under  diiferent  conditions  of  season,  climate  etc.,  it  is  pos- 
sible only  to  give  approximate  estimates  of  the  quantity  of  sweat  seer 
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and  exhaletl  in  tiie  twenty-four  hours.  Seguin  and  Lavoisier  (171)0)  esti- 
mated the  daily  quantity  of  cut4ineou8  transpirtttion  at  one  |K>un(l  an4  four- 
teen ounces  (Hoi)  gmnimeis),  and  die  result^s  of  their  observatioiLs  have  been 
full  J  confirmed  by  recent  investigations.  It  may  be  assumed  that  the  aver- 
age quantity  is  nearly  two  pounds,  or  about  900  grammes. 

Under  violent  and  prolonged  exercise,  the  loss  of  weight  by  exbalation 
fmm  the  skin  and  lungs  may  beetjme  very  considerable.  It  is  stated  by 
Maclaren,  the  autlior  of  a  work  on  tniining,  that  in  one  hour's  energetic 
fencing,  the  loss  by  perspiration  and  resi)iration,  taking  the  average  of  six 
consecutive  dayn,  was  forty  rmnces  {1,1;J0  gramme^)^  with  a  range  of  variation 
of  eight  ounces  (227  grammes). 

When  the  body  is  exposed  to  a  high  tempenitnre,  the  exhalation  from  the 
p  surface  is  largely  increased  ;  atjd  it  is  by  this  mpid  eva juration  t!iat  persons 
hare  been  able  to  endure  for  several  minutes  a  *iry  heat  considerably  exceed- 
ing that  of  boiling  water.  Southwood  Smith  made  a  series  of  observations 
with  regar*!  to  this  point  upon  workmen  emidoyed  abnit  the  furnaces  of  gas- 
works and  exposed  to  intense  iicat;  and  lie  found  that  iu  an  hour,  the  loss  of 
weight  was  two  to  four  pounds  (007  to  1,814  granmies),  this  Ix^ing  chiefly  by 
exhalation  of  watery  vapor  from  the  skin.  In  such  instances  the  loss  of  water 
by  tninspiration  is  compensated  by  the  ingestion  of  large  quantities  of  liquid. 

Properties  and  Compos ii ion  of  (he  Siveat, — An  analysis  of  the  sweat  was 
made  by  Favre,  in  1853.  Aft^r  taking  every  precaution  to  obtain  the  secre- 
tion in  a  perfectly  pure  state,  he  collected  a  very  large  quantity,  nearly  thirty 
pints  (14  litres),  tlie  result  of  six  transpirations  from  one  person,  which  he 
assumed  to  represent  about  the  average  in  composition.  The  liquid  was  per- 
fectly limpid,  colorless,  and  of  a  feeble  but  characteristic  odor.  Almost  all 
obseners  have  found  the  reaction  of  the  sweat  to  lie  acid;  but  it  reariily  be- 
comes alkaline  on  being  subjected  to  evaporation,  showing  that  it  containg 
aoine  of  the  volatile  acids.  Favre  found  that  the  fluid  collected  during  the 
fiist  half-hour  of  the  observation  was  acid ;  during  the  second  half- hour  it 
^wm  neutral  or  feebly  alkaline;  and  during  the  third  half-hour,  it  was  con- 
stantly alkaline.  The  specific  gravity  of  the  sweat  is  1003  to  1004  The  fol- 
lowing is  the  composition  of  the  fluid  collected  by  Favre  : 
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Wiit«r 

Ures 

F»tty  matters  ..... 
Alkaline  lactates .'  . 
Alkftline  ?*utlorales  . 
Sodium  chloride, 
pot  assiu  m  c  h  I  onde» 
Alkaline  sulphates, 
Alkaline  phrw^pbiit^H, 
Alkaline  album  hi  titcs^  ^ 


^  soluble  in  water  . 
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a  trace 
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Alkaline  earthy  phosphates  (i»oluble  in  acidulated  water) ......     a  trace 

Epidermic  dibris  (insoluble) a  trace 
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The  sweat  is  exhaled  usually  in  the  form  of  vapor,  when  it  is  known  aa 
insensible  perspiration.  When  from  any  cause  it  collects  on  the  siirfaoe^  in 
the  form  of  a  liquid,  it  is  called  sensible  perepiration* 

The  peculiar  constituents  of  the  sweat  have  Ix^en  more  carefully  and  soc- 
cessfully  studied  since  the  anulyseg  of  Favre.     The  neutral  fats  an?  probabh 
derived  in  great  part  from  the  sebaceous  glands^  although  certain  fats,  palmi^ 
tine  and  stearine^  have  been  found  in  the  secretion  of  the  palms  of  the  hand^ 
which  contain  no  sebaceous  glands.     The  volatile  fatty  acids  are  f^i 
butyric,  caproic,  capric,  acetic  ek\,  some  of  which  exist  also  in  milk.      « 
give  to  the  sweat  ite  peculiar  odor.     Urea  is  always  present  in  sxnall  qium- 
tity,  and  its  proportion  may  be  largely  increased  when  there  is  a  defi^^iency  nf 
elimination  by  the  kidneys.     It  is  a  matter,  also,  of  common  nB  well  8^^  of 
scientific  observation  that  the  sweat  is  more  abundant  when  the  kidney*  are 
comparatively  inactive,  and  tnce  rermi.     (lenerally,  however,  conditions  oper- 
ate to  increase  the  quantity  of  sweat,  and  the  quantity  of  urine  is  prt^portiou- 
ally  diminished.     The  skin  is  undoubtedly  an  important  organ  of  excretion, 
and  it  may  eliminate  excrementitious  matters  of  a  eharact<^r  as  yet  unknown. 
The  action  of  the  skin  as  a  respiratory  organ  has  already  been  considewL 
With  regard  to  the  inorganic  constituents  of  the  sweat,  there  is  no  great 
est  attaflied  to  any  but  the  sodium  chloride,  which  exists  in  a  proji 
many  times  greater  than  that  of  all  the  other  inorganic  salts  combined. 

Pentl  if  trifles  of  the  Sweat  in  Crrtahi  Fa  Hh.— In  the  axilla,  the  in^riini**- 
scrotal  region  in  the  male,  and  the  ingiiiuo-udvar  region  in  the  feuia]i%  \m\ 
between  the  toes,  the  sweat  always  has  a  peculiar  otlor,  more  or  less  markeiL 
which  in  some  persons  is  excessively  disagreeable.  Donne  ha?  shown  that 
whenever  the  secretion  has  an  od<*r  of  this  kind  its  reaction  is  distinctly  albk 
line ;  and  he  is  disposed  to  regard  its  i>eculiar  characters  as  due  to  a  mixture 
of  the  secretion  of  the  other  follicles  found  in  these  situations.  Sometimes 
the  sweat  about  the  nose  has  an  alkaliiu^  reaction.  In  the  axillary  region 
the  secretion  is  rather  less  fluid  than  on  the  general  surface  and  frequently 
has  a  yellowish  color,  so  marked,  sometimes,  as  to  stain  the  clothing. 

PnYSIOLOGlCAL   AnATOMY    OF    THE    KiDXEYS. 

The  kidneys  are  symmetrical  organs,  situated  in  the  lumbar  region, 
neath  the  peritoneum,  invested  by  a  proper  fibrous  coat,  and  always 
rounded  by  more  or  less  adipose  tissue.      They  usually  extend   from 
eleventh  or  twelfth  rib  downward  to  near  the  crest  of  the  ilium,  and 
right  is  always  a  little  lower  than  the  left.     In  shape  the  kidney  is 
appropriately  compared  to  a  bean ;  and  the  concavity,  the  deep,  central  pd^ 
tion  of  which  is  called  the  hilum,  looks  inward  toward  the  spinal  culunitL 
The  weight  of  each  kidney  is  four  to  six  ounces  (113  to  170  grammes), 
ally  about  half  an  ounce  (14  grammes)  less  in  the  female  than  in  the 
Tlie  left  kidney  is  nearly  always  a  little  heavier  than  tlie  rights 

Outside  of  the  proper  coat  of  the  kidney,  is  a  certain  quantity  of  adif 
tissue  enclosed  in  a  loose,  fibrous  structure.     This  is  sometimes  called 
adipose  capsule ;  but  the  proper  coat  consists  of  a  close  net- work  of  ordir 
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fibrous  ti^ue,  interlaced  with  small  elastic  fibres.     This  coat  is  thin  and 
Biiiooth  and  may  be  readily  removed  from  the  surfsice  of  the  organ,    At  the 

'hilum  it  is  ooiitiniied  iiiwiird  to  line  the  pelvis  of  the  kidney,  covering  the 
caliees  and  blood-vessels. 

The  kidney  in  a  vertical  section  presents  a  cavity  at  the  hilum,  which  is 
bounded  internally  by  the  dilated  ori^fin  of  the  uret4?r.     This  is  called  the 

^pelvis.     It  h  lined  by  a  smonth  membrane,  which  is  simply  a  continuation 

'of  the  proper  coat  of  the  kidney,  and  whieh  forms  little  cylinders,  called 
caliees,  into  which  the  ajuces  of  the  pynimitls  are  received.  Some  of  the 
caliees  recei^-e  the  ajiex  of  a  single  pyramid,  while  otiiers  are  larger  and  re- 
ceive two  or  three.  The  caliees  unite  into  three  short,  funnel -shaped  tnbes, 
called  infundibula,  corresponding  respectively  to  the  superior,  middle  and 
inferior  portions  of  the  kidney.  These  finally  oixni  into  the  common  cavity, 
or  pelris.  The  subslance  of  the  kid- 
ney  is  com|>osed    of    two    distinctly 

marked    ]mrtioris,  called   the   cortical  t 

substance,  and  tiie  medullary,  or  py- 
ramidal subst*ince. 

The  cortical   substance  is  reddish 
and  granular,  rather  softer  than  the 

I  pyramidal  substance,  and  is  about  one- 
sixth  of  an  inch  {i'H  mm.)  in  thick- 
Hi'ss.  This  occupies  the  exterior  of 
the  kidney  and  sends  little  prolouga- 
tions,  cidled  the  columns  of  Bertin,  be- 
tween the  pyramids.  The  surface  of 
the  kidney  is  marked  by  little,  poly- 
gonal divisions,  giving  it  a  lobu luted 
uppoiirance.  This,  however,  is  mainly 
due  to  the  arninge merit  of  the  super- 
ticial  hlood-Vi*ssL'ls.  The  medullary 
substance  is  arranged  in  the  form  of 
p>T*amids,  sometimes  called  the  pyra- 
mids of  Malpighi,  twelve,  fifteen  or 
eighteen  in  number,  their  bafles  pre- 
senting toward  the  cortical  substance, 
and  their  apices  being  received  into 
the  caliees,  at  the  pelvis.  fVrrein  sul> 
divided  the  pyramids  of  Malpighi  into 
gmaller  pyramids,  called  the  p}Tamids  of  Ferreiri,  each  formed  by  about  one 
hundred  tribes  nwliuting  from  tlie  openings  at  the  summit  of  the  pyramids, 
lowai*d  their  bases.  The  tubes  eomposi ng  these  pyramids  ptiss  into  the  cor- 
tical substance-,  forming  corresponding  pyramids  of  convoluted  tubes,  thus 
dividing  this  portion  of  the  kidney  into  lobules,  more  or  less  distinct. 

The  metlullary  substance  is  firm,  of  a  darker  red  color  than  the  cortical 

[.substance,  and  is  marktjd  by  tolerably  distinct  striaa,  which  take  a  nearly 


fc 


Fib.  ll^^—Verticar  st^rtion  of  fhr  kidney  <Sapp5y>. 

1,  1,  SJ,  2,  8,8,  a,  4,  4.  4,  4,  pymiiilfls  of  Miirpljrhi : 
6,  5,  5,  5,  5,  ft,  apHn'8  of  th**  pyrafiiltls,  sur- 
rounded by  ihv  L'aljc«?8  ;  6,  6,  eol  iinins.  of  I^r- 
tin  :  7,  pelvi*  of  the  kidney  ;  8,  upper  extivna* 
ty  iil  tlie  ureter. 
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straight  course  from  the  bases  to  the  apices  of  the  pv  ramids.     As  these  itna 

imJieate  t\w  direction  of  tlie  little  tiibe.s  tliat  constitute  the  greatest  part  nf 
the  mediilhiry  substunce,  this  ii5  s<:)metimei^  ealknl  tli*'  tubular  portion  uf  tfn- 
kidney. 

From  the  arrangement  of  the  secreting  portion  ol  the  kidneys,  tlitst 
orgaiii?  are  classed  among  the  tubular  glands,  presenting  a  system  uf  ujlit^ 
or  canals,  some  of  which  are  supposed  simply  to  carry  off  the  urine,  whik 
others  separate  the  excrementitious  constituents  of  this  fluid  from  the  Wotji 
It  in  ditHcult  to  determine  preei^^ely  where  the  secreting  tubes  merge  into  tiie 
excretory  ducts,  but  it  is  tlij  common  idea,  which  is  probably  correcTt,  tii^t 
the  cortical  substance  b  the  active  portion,  while  the  tuljes  of  the  p\Tattiidil 
portion  simply  cam'  off  the  excretion. 

Pyramidal  Substance. — Each  papilla,  as  it  |)rojccts  into  the  pelvic  of  Ujf 
kidney,  presents  ten  to  twenty-five  little  openings,  y^  to  ^  of  an  inch  (^ 
to  435  /i)  in  diameter.      The  tubes  leading  from  the  jjelvis  immedialelf 


m^ 


ramtditl  nubfttanve  of  the  kidnrff  of  the 
J'iriuM  iSAppfV*. 
J,  trunk  of  n  ir>ifeirni»  tube;  8»  9» 

pnmar>  i  this  fulw  ;  8,  3,  3. 

»*i'onth\t  4,-1,  5,  5.  fi.  0,  7,  7, 

7,  7,  bniMrlj*:s  UiHunliig  smaller  and 
^mnller  ;  H,  H*  8,  I*,  luopii  of  tlw  tuljes  of 
Bonlc. 


Fio.   tl5.—Lo7tffititt1inat  tiectirm  o/   the    eorfiaU  #11^ 

ttance  of  the  narnr  kidn^jf  ^SappejL 
1,  I,  UfMit  ..f  rii.'  oortical  substance  and  ba«e  of  ♦>'-*  '^■' 
ail  j  [\j\wn  puftsitii^  loward  th^  f,f 

tlj  .1.  a,  !*,  K  H,  involuted  tube- 

4, : .    :.!  ,  „uum  bodlea ;  6.  «♦  art^rr,  with  it>  i  ^  „^ 
es  i7t  7. 71 ;  0,  »,  lltoroiiB  coveriog  or  the  kidurx. 
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divide  at  very  acute  angles,  generally  dichotomously,  until  a  bundle  of  tubes 
arises,  as  it  were,  from  eiwli  o[>eiiin^.  Those  bundles  constitute  the  pyra- 
mids of  Ferrein,  In  their  course  the  tuben  are  slightly  wavy  and  are  nearly 
parallel  to  eaeh  other.  These  are  called  the  straight  tubes  of  the  kidney, 
or  the  tubes  of  Hellini.  They  extend  from  the  apices  of  the  pyramids  to 
their  bases  and  pass  then  into  the  cortical  substance.  The  pn-amids  contain, 
ui  addition  to  the  straight  tubes,  a  delicate^  fibrous  matrix  and  blood-vessels, 
wliich  latter  generally  jiass  beyond  the  p}Tamidis,  to  be  finally  distributed  in 
ihe  corticai  substance.  Small  tubes,  continuous  with  the  convoluted  tultes 
of  the  cortical  substance,  dip  down  into  the  pyramids,  returning  to  the  eorti* 
cal  suVistance  in  the  form  of  loops.  This  arrangement  will  be  fully  described 
in  connection  with  the  cortical  substunce. 

The  tube^  of  the  pyramidal  substance  are  composed  of  a  strong,  struct- 
nreless  basemen t-membmne,  lined  with  granular,  nucleated  cells.  Accord- 
ing to  Bowman,  the  tubes  measure  ^J-j^  to  ^^  of  an  inch  (85  to  127/*),  in 
diameter  at  the  apices,  and  near  the  bases  of  the  ppamids  their  diameter  is 
about  -^  of  an  inch  (4"2  ^). 

The  cells  lining  the  straight  tubes  exist  in  a  single  layer  applied  to  the 
,  baflement-metnbnine.  They  are  thick  and  irregularly  pf>lygonal  in  shape,  with 
abundant  albuminoid  granules*  They  present  one,  and  occasionally,  though 
rarely,  two  granular  nuclei,  with  one  or  two  nucleoli.  They  readily  undergo 
alteration  ami  are  seen  in  their  normal  comJition  ^^mly  in  a  perfectly  fre.sh, 
healthy  kidney.  Their  diameter  is  about  ^j^  of  un  inch  (17  /i).  The  cidi- 
ber  of  the  tubes  is  reduced  by  the  thickness  of  their  lining  epithelium  to  ^^ 
or  y^  of  an  inch  (;i8  or  30  /i), 

Vorimil  SyhHtanee. — In  the  cortical  portion  of  the  kidney,  are  found 
tubes,  differing  somewhat  from  the  tubes  of  the  pyramidal  portion  in  their 
size  and  in  the  character  of  their  epithelial  lining,  but  presenting  the  most 
marked  ditference  in  their  direction,  Tliese  tubes  are  rather  larger  than  the 
tubes  of  the  pyramidal  substance,  and  are  very  much  convoluted,  interlacing 
with  each  other  in  every  direction.  Scattered  pretty  uniformly  throughout 
this  portion  of  the  kidney,  are  rounded  or  ovoid  bodies,  about  four  times  the 
diameter  of  the  convoluterl  tubes,  knowTi  as  the  Malphigian  bodies.  Tliese 
are  simply  flask-like,  terminal  dilatations  of  the  tubes  themselves. 

The  cortical  jwrtion  of  the  kidney  presents  a  delicate,  fibrous  matrix, 
which  forms  a  support  for  the  secreting  portion  and  its  blood-vessels.  The 
lubes  of  the  c<>rtical  substance  pr€*sent  considerable  variations  in  size,  and 
three  well  defined  varieties  can  l>e  distinguished : 

1.  The  ordinary  convoluted  tubes,  directly  connected  with  the  Malpig* 
hian  bodies.  2.  Small  tubes,  continuous  with  the  convohited  tubes,  dipping 
down  into  the  pyramids  and  returning  to  the  cortical  portion  in  the  form  of 
loops.  3.  Communicating  tidies,  fornn'ng  a  plexus  connecting  the  different 
varieties  of  tubes  with  each  other  and  tlnally  with  the  straight  tubes  of  the 
pyram  i <! al  po r t ion. 

In  tracing  out  the  coursi'  of  the  tubes,  it  will  be  found  most  convenient 
to  bt^gin  with  a  description  of  the  Malpigliian  bodies  and  to  follow  the  tubes 
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from  these  boiliefi  to  their  coimectiona  witli  the  stmight  tubes  of  the  pyram- 
idal 6ub8tanec\ 

Malpi(fhinn  Bodies. — These  are  ovoid  or  rounded,  termiiial  dilatatiom of 
the  convoluted  tubes,  and  are  ^\^  to  ^J^  of  an  inch  (100  to  250 /i),  in  diam- 
eter.  They  are  composed  of  a  menibrnne*  which  is  continuous  with  iheev 
temal  menibnine  of  the  convoluted  tulx^s,  and  is  of  the  same  homogeneoui 
character,  but  somewhat  thicker.  This  sac*.,  called  the  capsule  of  MuUeror 
of  Bowman,  encloses  a  mass  of  convoluted  blood- vessels  and  is  \\\\^\  with  % 
layer  of  nucleated  ei)ithelial  cellg.  In  addition  to  the  cells  lining  the  caj^ 
sule,  there  are  other  cells  which  are  applied  to  the  blood-vessels. 

The  cells  attached  to  the  capsule  of  MuUer  are  smaller  antl  more  tfiii§> 
parent  thuu  those  liniJig  the  eonvuluted  tubes.  They  are  ovoid*  nuelestKd 
and  finely  gramilar.  The  cells  covering  the  vessels,  however,  are  larger  and 
more  opafjue,  and  they  resemble  the  epithelium  lining  the  tubes.  Thry 
measure  j-^-^  to  j^^-^  of  an  inch  (IG  to  25  ft),  in  diameter,  by  about  ^^  t'f 
an  inch  (lo^)  in  thickness. 

Tuht'.'i  of  the  Vortical  SuhHtancB, — Passing  from  the  Malpighian  borlic?, 
the  tubes  present  first  a  shorty  constricted  portion,  called  the  neck  of  Ihc 
capsule,  which  soon  dilates  to  the  diameter  of  about  ^^  of  an  inch  (50^)^ 
when  their  course  becomes  quite  intricate  and  convoluted.  These  are  wli*l 
are  known  as  the  convoluted  tubes  of  the  kidney.  The  menibnine  of  tbesp 
tubes  is  transparent  and  homogeneous,  but  quite  firm  and  resisting.  It  i* 
lined  throughout  with  a  single  layer  of  epithelial  cells,  x^((^  to  jAr  *^^  *^ 
inch  (1*3  to  tb  ^i.)  in  diameter,  somewhat  larger,  consequently,  than  the  eells 
lining  the  straight  tuU^s.  The  cells  lining  the  convoluted  tubes  present  two 
tolerably  distinct  portions,  Tiie  inner  portion  or  zone,  which  is  next  ihe 
lumen  of  the  tube,  is  finely  gi'annlar,  with  sometimes  a  few  small  oil-glob- 
ules. The  outer  zone  presents  little  fibrils  or  rmls,  which  are  peri>endiciilar 
to  the  tubular  membmne.  These  are  called  "  rodded  "  cells,  and  a  simibif 
appearance  is  presented  by  some  of  the  cells  of  the  pancreas  and  of  the  sali* 
vary  glands.  The  nucleus  is  usually  situated  between  the  granular  and  tlu* 
rodded  ?Joiies. 

The  re^eart*hcs  of  Heidenhain  and  others  have  shown  that  the  greatest 
part  of  the  s<jlid  excrementitious  constituents  of  the  urine,  such  as  urea 
and  the  urates,  is  separated  from  the  blood  by  the  cells  of  the  oouvoluted 
tubes  of  the  cortical  substance  and  i>ei*liap8  by  the  dilated  portions  of  the 
tubes  of  llenle,  while  the  water  and  a  certain  portion  of  the  inorganic  salts 
of  the  urine  transude  through  the  blood-veBsela  in  the  Malpighian  bodies. 
This  view  was  first  mivance<l  by  Bowman,  in  1842. 

Nurrow  Tnbt}<  uf  Ift^ffh. — The  convoluted  tubes  above  described,  after  a 
tortuous  course  in  the  cortical  suljstance,  become  continuous,  near  the  pyra- 
mids, witli  the  tubes  of  much  smaller  diameter,  which  form  loops  extending 
to  a  greater  or  less  depth  into  the  pyramids.  The  loops  formed  by  these 
canals  (the  narrow  tubes  of  Henle),  are  nearly  parallel  with  the  tubes  of  Bel- 
lini and  are  much  greater  in  number  near  the  bases  of  the  pyramids  than 
toward  the  a|>ices.     The  diameter  of  these  tubes  is  very  variable,  and  they 
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iilar  cells.  Near  the  hoses  of  the  pyramids  the  wide  portion  sometiuwi 
forms  the  loop,  but  near  the  apices  the  loop  is  always  narrow.  The  iliffKr^ 
ence  in  tlie  size  of  the  epithelium  h  such,  that  while  the  cUameteT  of  tb 
tube  is  variable,  its  caliber  remains  nearly  nniform.  The  membrane  of  ihe* 
tubes  is  quite  thick,  thicker,  even,  than  the  membrane  of  the  tubes  of  Bei- 
lini. 

Intermediate  Tubes, — After  the  narrow  tubes  of  Ueiile  have  retuniLxi  u> 
the  eorticiil  substance,  they  communicate  with  a  eystem  of  flattened*  ribbuij. 
shaped,  anastomosing  canals,  rsW  to  jj^  of  an  inch  ('^1  to  25  /a)  in  diam- 
eter, with  very  thin  walk,  lined  by  roddetl  epithelium.  The^  tubes  take  ta 
irregidar  and  somewhat  angular  course  between  the  true  convoluted  tub« 
and  finally  ^*mpty  into  the  branches  of  the  straight  tubes  of  Itellini,  thn«  (^ 
tabli^hin^  a  coninuinication  between  the  tubes  coming  from  the  Mulf  ; 
btxUes  and  the  tubes  of  tlie  pyramidal  substance.  They  are  called  tht^  lu..^- 
mediate  tubes,  or  the  canals  of  communication. 

The  tubes  into  which  the  intermediate  canals  open  join  with  others  gen- 
emlly  two  by  two,  and  then  pass  in  a  nearly  straight  direction  into  the  pvm- 
mids,  where  they  continue  to  unite  ^ith  each  other  in  their  course^  be^Himiug, 
consequently,  reduced  in  number  until  they  open  at  the  apices  of  the  pyrv 
mids,  into  the  infundibula  and  the  pelvis  of  the  kidney. 

DistTibution  of  Blood' vessels  in  the  KidNei/,— The  renal  artery,  which  is 
quite  voliuniuous  in  proportion  to  the  size  of  the  kidney,  enters  at  the  hilum 
and  divides  into  four  branches.  A  ininiber  of  smaller  branchea  penetrate 
between  the  pwamids  and  ranufy  in  the  columns  of  cordcal  substance  which 
occupy  the  spaces  between  tlie  pyramids  (columns  of  Bertin).  The  mam 
vessels,  which  are  generally  two  in  number,  occupy  tlie  centre  of  the  coUmuiB 
of  Bertin,  sending  off  in  their  course,  at  sliort  inten*als,  regular  branches  en 
either  side,  toward  the  p\Taniids.  When  these  branches  reach  the  boundary 
of  the  cortical  substance,  they  turn  upward  and  follow  the  i>eriphen^'  of  tht? 
pyramid  to  its  bjise.  Here  the  vessels  form  au  arched,  anastomosing  plexus, 
the  arterial  arciidc,  situated  between  the  rounded  base  of  the  p}Tamid  and 
the  cortical  substance.  This  plexus  presents  a  convexity  looking  towanl  the 
cortical  substance,  and  a  concavity,  toward  the  pyramid.  It  is  so  armnjred 
tiiat  the  interstices  are  just  large  enough  to  admit  the  collections  of  tnl>es 
that  form  the  so-caUed  pyramids  of  Ferrein. 

From  the  arterial  arcade,  branches  are  given  off  in  two  opj^osito  direc- 
tions. From  its  concavity,  small  branches,  meaiSuring  at  first  yV^  to  ^J^  of 
an  inch  (21  to  M  fi)  in  diameter,  pass  downward  toward  the  papilla?,  giving 
off  sruall  ramifications  at  very  acute  angles,  and  becoming  reduced  in  siae  Ui 
about  j-j"^  of  an  inch  (10  ft).  These  vessels,  caUed  sometimes  the  arteri- 
olsB  recta?,  surround  the  straight  tubes,  and  pass  into  capillaries  in  the  mib- 
stance  of  the  pyramids  and  at  their  apices. 

From  the  convex  surface  of  the  arterial  arcMe,  branches  are  given  ofT  at 
nearly  right  angles.  These  pass  into  the  cortical  substance,  breaking  up  into 
a  large  number  of  little  arterial  twigs,  ^Yoir  tt>  j^  of  an  inch  (17  to  40  /*)  in 
diameter,  each  one  of  which  penetnites  a  Malpighian  body  at  a  point  oppo- 


PHYSIOLOQICAL  ANATOMT  OF  THE  KIDNEYS. 


365 


site  the  neck  of  the  capsule.     Once  within  the  capsule,  the  arteriole  breaks 
ap  int-o  tive  to  eight  branches,  which  then  divide  djchotomonsly  into  vessels 

rmeasuring  y^jr  ^^  irAnr  ^^  ^^^  "i*^^  (^  ^^^  ^'^  P-)  i^i  tliameter,  arranged  in  the 
form  of  coils  and  loops,  constituting  a  dense,  rounded  masjs  (the  Malpighian 
coil,  or  glomerulus),  filling  the  capsule. 
These  %*essels  hreak   up   into  capillaries 
without  anastomoses. 

The  blood  is  collected  from  the  vessels 
of  the  Malpighian  bodies  by  veins,  some- 
times one  and  frequently  three  or  four, 

rwhieh  pass  out  of  the  capsule  and  form 
.  second  capillary  plexus  surrijunding  the 
[involuted  tubes.     When  there  is  but  one 

^vein,  it  generally  emerges  from  the  cap- 
sale  near  the  point  of  penetration  of  the 
arteriole. 

The  efferent  vessels,  immediately  after 
their  emergence  from  the  ca|>sule,  break 
np  into  a  very  fine  and  delicate  plexus  of 
capillaries,  closely  surrounding  the  con* 
voluted  tubes.  These  form  a  tnte  plexus, 
the  branches  anastomosing  freely  in  every 
direction;  and  the  distribution  of  vessels 
in  this  part  resembles  essentially  the  vas-  (J^IT  •  J 
cular  arrangement  in  most  of  the  glands. 
Bowman  has  called  the  branches  which 
connect  together  tbe  vessels  of  the  Mal- 
pighian tuft  and  the  capillary  plexus  sur- 
rounding the  tube^,  the  portal  system  of 
the  kidney.  These  intermediate  vessels 
form  a  coarse  plexus  surrounding  the  pro- 
longations of  the  pyramids  of  Ferrein  into 
the  cortical  substance. 

The  renal,  or  emiilgent  vein  takes  its 
origin  in  part  from  the  capillarv  plexus  Fio,  ur,—Bin^-veM»eu  of  th^  Maipiffhinn 

*.  ,,  1,1.     i'"*.  h*iHi*'»  and  convoluted  tutn:*  of  thf  kidaeu 

irroiinding  the  convoluted  tubes  und  in 
from  the  vessels  distributed  in  the 
pyramidal   substance.      A   few^  branches 

ame  from  vessels  in  the  envelopes  of  the 
tidney,  but  these  are  comparatively  un* 
important.  The  plexns  surrounding  the 
convoluted  tubes  empties  into  venous  nid- 
icles  which  pass  to  the  surface  of  the  kidney,  and  these  present  a  number  of 
little  radiating  gi-oups,  each  converging  toward  a  centnil  vessel.  This  arrange- 
ment g^ves  to  the  vessels  of  the  fibrous  envelope  of  tbe  kidney  a  peculiar,  stel- 
late appejirance,  forming  what  are  sometimes  called  the  stars  of  Verheyn.    The 
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1,  >la1p{frhian  bodJ€«  WBircmfMjf^  Uy  tijp  cap- 
Kulf«  of  Mflllpr  r  2,  2:.  2.  r!<irivolytf»<!  tiibe« 
(HDiinte^tetl  with  tho  Malpif^tiian  hotlie*  ;  J, 
ttrt**ry  braiichlti»f  ti»  pi  to  th»"  MulpijfhiaA 
l)4>flji'«  '.  4,  4,  4,  branrh<»s  of  the  &rt*^ty  :  G, 

of  th*?  fttiiHiiJle5  han  li>*M^n  rvumved  ;  7.  7,  7, 
vf«sela  |xu<<i§ioi^  >mt  of  the  >lftJpi|«:hian  lLK»rl- 
les;  H,  vtflseL  the  branclit**!  *^f  which  (9^ 
pass  to  the  capillary  plexus  ( 10). 


366  EXCRETION  BY  THE  SKIN  AND  KIDNEYS. 

large  trunks  which  form  the'centres  of  these  Btars  then  pass  throagh  the  cxrrti- 
C4il  diibstaiice  to  the  rounded  \m&es  of  the  pyramicla,  where  they  form  a  rwiltei, 
%'enouB  plerus  corresponding  to  the  arterial  plexus  already  described.    IV 
vessels  distributed  upon  the  straight  tubes  of  the  pyramidal  gubstanee  fomi 
loose  plexus  around  these  tubes,  except  at  tJie  papillse^  where  the  ' 
much  closer.    They  then  pass  into  the  plexus  at  the  bast*^  of  the  ^j    .,  ..^ 
join  with  the  veins  from  the  cortical  substance.     From  this  plexus  a  nambe: 
of  larger  trunks  arise  and  pass  toward  the  hiluni,  in  the  axis  of  the  inttr- 
p)Tamidal  substance,  enveloj)ed  in  the  same  sheath  with  the  arteries.    Pus^g 
thus  to  the  pelvis  of  the  kidney,  the  veins  converge  into  three  or  four  grtsA 
branches,  which  unite  to  form  the  renal,  or  emidgent  vein.    A  preparation  ul 
oil  the  vessels  of  the  kidneys  shows  tliat  the  veins  are  much  more  volu- 
minous than  the  iu*t4^ries. 

The  cai^sule  of  the  kidney  has  a  l\*mphatic  plexus  connected  with  lymph- 
spaces  below  ;  and  lymph-spaces,  in  the  form  of  large  slits,  exist  between  an»l 
around  the  convoluted  tubes. 

The  nerves  are  quite  abundant  and  are  derived  from  the  solar  plexus^  thetr 
filaments  following  the  renal  artery  in  its  distribution  in  the  interior  of  the 
organ,  and  ramifying  upon  the  walk  of  tlie  veesela. 

Mechanism  of  the  PfiODrcxiox  and  Discharge  of  Urine. 

The  most  important  constituent  of  the  urine  is  urea — CO(NHj), — ,  a  cnrs- 
tallimble,  nitrogenized  substance,  wliich  is  discharged  by  the  skin  as  well  as 
by  the  kidneys.  This  Ims  long  been  recognized  as  an  excrementitioos  sub- 
stance ;  but  the  first  observations  that  gave  any  definite  idea  of  the  mechanigm 
of  its  production  were  made  by  Prevost  and  Dnmas,  in  1821,  At  the  timethev 
experiments  were  made,  chemists  were  not  able  to  detect  urea  in  the  uoniLai 
blood  ;  but  Prevost  and  Dumas  extirpated  the  kidneys  from  living  animali> 
dogs  and  cat«|  and  found  an  abundance  of  urea  in  the  bU>od,  after  certain 
symptoms  of  blood-poisoning  had  been  developed.  For  the  first  two  or 
three  days  after  the  operation  there  were  no  symptoms  of  blood-poisoning ;  but 
finally  stupor  and  other  marked  evidences  of  nervous  disturbance  su|jervened, 
when  the  presence  of  urea  in  the  blood  could  be  easily  determined.  These  ob- 
servations were  confirmed  and  extended  by  Segalas  and  VauqueUn,  in  1821 
Since  that  time,  as  the  processes  for  the  determination  of  urea  in  the  animal 
fluids  have  ben^n  improved,  this  sul>stance  hjis  been  detected  in  minute  quan- 
tity in  the  normal  blorjd.  Picard  (1850)  e^stiniated  and  compared  the  propor- 
tions of  urea  in  the  renal  artery  and  the  renal  vein,  and  he  found  that  the 
quantity  in  the  blood  wtis  diminished  by  about  one-half  in  it«  passage  through 
the  kidneys.  Still  later,  urea  has  been  found  in  the  Imph  and  rhvlc»  in 
larger  quantity,  even,  than  in  the  blood(Wurtz). 

Bernard  and  BaiTeswil  (184T)  found  that  animals  from  whicli  '- 

neys  had  been  removed  did  not  usually  present  any  distinctive  synijM    ;  .- 
a  day  or  two  after,  except  that  they  vomited  and  passed  an  unusual  quantity 
of  liquid  from  the  intestinal  canal.     During  this  time  the  blood  never  con- 
tained an  abnormal  quantity  of  urea^  but  the  contents  of  the  stomach  and 
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intestine  were  found  to  be  highly  ammoniacal,  and  the  secretions  from  these 
parts,  particularly  the  stomach,  became  continuous  as  well  as  increased  in 
quantity.  Animals  operated  upon  in  this  way  usually  live  for  four  or  five 
days,  and  they  then  die  in  coma  following  convulsions.  Toward  the  end  of 
life,  the  secretion  of  gastric  and  intestinal  fluids  becomes  arrested,  probably 
from  the  irritating  effects  of  ammoniacal  decomposition  of  their  contents, 
and  then,  and  then  only,  urea  is  found  to  accumulate  in  the  blood. 

The  results  obtained  by  other  experimenters  have  generally  corresponded 
with  those  of  Bernard  and  Barreswil.  It  has  also  been  ascertained,  as  was 
shown  by  Segalas  and  Vauquelin,  that  urea  is  an  active  diuretic  when  inject- 
ed in  small  quantity  into  the  veins  of  a  healthy  animal ;  and  that  in  this  case, 
it  does  not  produce  any  poisonous  effects,  but  is  immediately  eliminated. 
When  urea  is  injected  into  the  vascular  system  of  a  nephrotomized  animal, 
it  produces  death  in  a  very  short  time,  with  the  characteristic  symptoms  of 
oraemic  poisoning. 

Experiments  which  were  supposed  to  show  that  urea  and  the  urates  are 
formed  in  the  kidneys  have  been  made  with  the  view  of  comparing  the  effects 
of  removal  of  both  kidneys  with  those  produced  by  tying  the  ureters.  Ac- 
cording to  these  observations,  the  blood  contains  much  more  urea  after  the 
ureters  are  tied  than  after  removal  of  the  kidneys.  These  experiments, 
which  are  directly  opposed  in  their  results  to  the  observations  of  Prevost  and 
Dumas,  Bernard  and  Barreswil,  Segalas,  and  many  others,  can  not  be  accepted 
unless  it  be  certain  that  all  the  necessary  physiological  conditions  were  fulfilled. 
In  the  first  place,  it  was  demonstrated,  as  early  as  1847,  that  urea  does  not 
accumulate  in  the  blood  immediately  after  removal  of  the  kidneys,  but  that 
this  occurs  only  towai*d  the  end  of  life,  and  then  urea  is  found  in  large  quan- 
tity. In  the  second  place,  it  is  well  known  that  the  operation  of  t}ing  the 
ureters  is  followed  by  a  greatly  increased  pressure  of  urine  in  the  kidneys, 
which  not  only  disturbs  the  eliminative  action  of  these  organs  but  affects 
most  seriously  the  general  functions.  Since  the  influence  of  the  nervous  sys- 
tem upon  the  secretions  has  been  closely  studied,  it  is  evident  that  the  pain 
and  disturbance  consequent  upon  the  accumulation  of  urine  above  the  ligat- 
ed  ureters  must  have  an  important  reflex  action  upon  the  secretions ;  and 
this  would  probably  interfere  with  the  Wcarious  elimination  of  urea  and  of 
other  excrementitious  substances  by  the  stomach  and  intestines.  It  is  well 
known  that  an  arrest  of  these  secretions,  in  cases  of  organic  disease  of  the 
kidneys,  is  liable  to  be  followed  immediately  by  evidences  of  uremia,  and 
that  grave  uremic  symptoms  are  frequently  relieved  by  the  administration  of 
remedies  that  act  promptly  and  powerfully  upon  the  intestinal  canal. 

From  a  careful  review  of  the  important  facts  bearing  upon  the  question 
under  consideration,  there  does  not  seem  to  be  any  valid  ground  for  a  change 
in  the  ideas  of  physiologists  concerning  the  mode  of  elimination  of  urea  and 
the  other  important  excreraentitious  constituents  of  the  urine.  Tliere  is  every 
reason  to  suppose  that  these  substances  are  produced  in  various  tissues  and 
organs  of  the  body  during  the  process  of  disassirailation,  are  taken  up  by  the 
blood  and  are  simply  separated  from  the  blood  by  the  kidneys. 
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£xtiq>aiion  of  one  kidney  from  a  living  animsd  is  not  necessarily  fokl 
If  the  operation  be  carefully  performed,  the  wound  will  generally  heal  wiih. 
out  difficulty,  and  in  most  instances  the  remaining  kidney  aeem&  saffieitM 
for  the  elimination  of  urine  for  an  indefinite  period.    In  a  large  number  of  ei- 
p«iriments,  the  animals  killed  long  after  the  wound  had  healed  never  pn> 
sented  any  marked  symptoms  of  retention  of  excrementitious  matters  in  the 
lilood,  except  in  one  or  two  instances.     It  is  a  noticeable  fact,  however,  tha; 
in  many  instances  they  showed  a  marked  change  in  disposition,  and  the  ^^ 
petite  became  voracious  and  unnatural.     These  animals  would  sometimes  m 
fteceSf  the  flesh  of  dogs,  etc,  and,  in  short,  presented  certain  of  the  phenom- 
ena so  frequently  observed  after  extirpation  of  the  spleen  (Flint),    Ate 
extirpation  of  one  kidney,  it  has  been  observed  that  the  remaining  kiduej 
incre4ises  in  weight,  although  investigations  have  shown  thai  this  is  dut 
mainly  to  an  increase  in  the  quantity  of  blood,  lymph  and  urinary  mattery 
and  not  to  a  new  development  of  renal  tissue*     The  following  is  an  excep- 
tional experiment  in  which  the  animal  died  after  extirpation  of  one  ki ' 
One  kidney  was  removed  from  a  small  cur-dog,  about  nine  months  o 
an  incision  in  the  lumbar  region.     The  animal  did  not  appear  to  suffer  from 
the  operation,  and  the  wound  healed  kindly.     The  only  markeil  effects  wen* 
great  irritability  of  disposition  and  an  exaggerated  and  perverti-d  appetsle^ 
He  would  attack  the  other  dogs  in  the  lalwratory  without  provocation,  and 
would  cat  with  avidity,  fieccs,  putrid  dog's  flesh  and  articles  which  the  other 
animals  would  not  touch  and  which  he  did  not  eat  before  the  oj>eratiMii. 
Forty-three  days  after  the  operation,  the  dog  appeared  to  be  uneasy,  cried 
frequently,  and  went  into  convulsions,  which  continued  for  about  threv 
hours,  when  he  died  (Flint,  1804),     In  one  other  instance,  in  which  a  d<jg 
was  kept  for  more  t!ian  a  year  after  extirpation  of  one  kidney,  it  was  occa- 
sionally observed  that  the  animal  was  rather  quiet  and  indisposed  to  move 
for  a  day  or  two,  but  this  always  passed  otf,  and  when  he  was  killed  he  via 
as  well  as  before  the  operation. 

hijlncHce  of  Blixjd-pressure^  the  A^enmus  System  e4c^  upon  the  Seen- 
Hon  of  Vrine. — There  are  many  instancea  in  which  very  marked  and  sodden 
modifications  in  the  action  of  the  kidneys  take  place  under  the  infiiieiice  of 
fear,  anxiety,  hysteria  etc.,  which  must  operate  through  the  nervous  sygitUL 
Although  little  is  known  of  the  final  distribution  of  the  nerves  in  the  kidney, 
it  has  been  ascertained  that  here,  as  elsewhere,  vaso-motor  nerves  are  distrib- 
uted to  the  walls  of  the  blocKl-ve^^els,  and  tliey  are  capable  of  modifying  the 
quantity  and  the  pressure  of  blood  in  these  organs. 

It  may  be  ntated  as  a  general  proposition,  that  an  increase  in  the  presBQUB 
of  blood  in  the  kidneys  iucTcases  the  flow  of  urine,  and  that  when  the  blood- 
pressure  is  lowered,  the  flow  of  urine  is  correspondingly  diminisht*d.  This 
will  in  a  measure  account  for  the  increase  in  the  flow  of  urine  during  dige^ 
tion ;  but  it  can  not  serve  to  explain  all  of  the  modifications  that  may  take 
plac^  in  the  action  of  the  kidneys.  Bernard  measured  the  pressure  of  blooii 
in  the  carotid  artery  of  a  dog  and  noted  tbe  quantity  of  urine  discharged  in 
the  course  of  a  minute  from  one  of  the  ureters.     Afterward,  by  tying  the 
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two  crand^  the  two  braclnal  and  tbe  two  carotid  arteries,  he  increased  the 
blood-pressure  about  ODC-half,  and  the  quantity  of  urino  disduirgcd  in  a  niiit- 
ute  was  immediately  ineretised  by  a  little  more  than  fifty  l^r  tM>nt  In 
another  animal,  he  diminished  the  pressure  by  taking  blood  from  the  jugu- 
lar vein,  and  the  quantity  of  urine  was  immediately  reduced  about  one-half , 
He  also  showed  that  the  increase  in  the  quantity  of  urine  iiroduced  by  ex- 
^aggerated  pressure  of  blood  in  the  kidneyg  could  be  modified  thmugh  the 
nervous  system.  The  nerves  going  ttj  one  kidney  were  divided,  which  pro- 
duced an  increase  in  the  arterial  pressure  and  a  consequent  exaggeration  in 
the  quantity  of  urine  from  the  ureter  on  that  side.  The  prcjssure  was  then 
farther  increased  by  stopping  the  nostrils  of  the  animal.  The  €|uantity  of 
urine  was  increased  by  this  on  the  side  on  which  the  nerves  had  been  divided, 
but  the  pain  and  distress  from  want  of  air  arrested  the  secretion  upon  the 
sound  side. 

When  irritation  is  applied  to  the  floor  of  the  fourth  ventricle,  in  the  median 
line,  exactly  in  the  middle  of  the  space  between  the  origin  of  the  pneumo- 
gastrics  and  the  auditory  nerves,  the  urine  is  increased  in  quantity  and  be- 
comes strongly  saccharine.  When  the  irritation  is  applied  a  little  above 
this  jioint,  the  urine  is  sini])ly  increajsed  in  quantity,  but  it  contains  no  sugar; 
and  wiien  a  jiuncture  is  made  a  little  below,  sugar  appears  in  the  urine, 
without  any  increase  in  the  quantity  of  the  secretion  (liernard).  It  has  also 
been  observed  that  section  of  the  s]>inal  cord  in  the  upper  part  of  the  dor* 
sal  region  arrests,  for  a  time,  the  secretion  of  urine. 

Other  physiologicid  conditions  that  affect  the  urinary  excretion  influence 
the  composition  of  the  urine  and  the  quantity  of  excrcmentitious  matters  sep- 
arated by  the  kidneys.  These  will  be  fully  considered  in  another  place.  It 
is  sutlicicnt  to  remark,  in  this  connection,  that  during  digestion,  when  the 
composition  of  the  blood  is  modified  by  the  absorption  of  nutritive  matters, 
the  quantity  of  urine  usually  is  increased.  This  is  particularly  marked  when 
a  large  quantity  of  liquid  has  been  taken. 

Inasmuch  as  the  excrcmentitious  matters  eliminated  by  the  kidneys  are 
being  constantly  prmlueed  in  the  tissues  by  the  process  of  disasiiimilation, 
the  formation  of  urine  is  constant,  presenting,  in  this  regard,  a  marked 
contrast  with  the  intermittent  flow  of  most  of  the  secretions  pro]>er  w^  distin- 
guished from  the  excretions.  It  was  noted  by  Erichsen,  in  a  ca^c  of  extro- 
version of  the  bladder,  and  it  ha^  been  farther  shown  by  experiments  upon 
dogs,  that  there  is  an  alternation  in  tlie  action  of  the  kidneys  u]K>n  the  two 
aides.  Bernard  exposed  the  ureters  in  a  living  animal  and  fixed  a  small,  silver 
tube  in  each,  so  that  the  secretion  from  eitlicr  kidney  could  be  rearlily  ob- 
servxHi ;  and  he  noted  that  a  large  ijuantity  uf  fluid  was  discharged  from  one 
side  for  fifteen  to  thirty  minutes,  while  the  flow  from  the  other  side  wm  slight 
and  in  some  instances  was  arrested.  The  flow  then  began  with  ai'tivity  u|>on 
the  other  side,  while  the  discharge  from  the  oj>posite  ureter  was  diminished 
or  arrested. 

Phtjmologieal  Anafomy  of  Ihe  Urifiary  P((ssaffe^. — The  excretory  ducts 
of  the  kidneys,  the  ureters,  begin  each  by  a  funnel-shaped  portion,  which  is 
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applied  to  the  kidney  at  the  hitmn.  The  tureters  themselves  are  membn]iDq6 
tabes  of  about  the  diameter  of  a  goose-quill,  becoming  much  redoocd  in  cali- 
ber a^  they  penetrate  the  coats  of  the  bladder.  They  are  gbrteeii  to  n^\m 
inches  (4^)  tii  id  centimetres)  in  length,  and  pass  from  the  kidneyii  to  tis* 
bladder^  behind  the  j»eritoneum.  They  have  three  distinct  ctniU  :  an  eiteml 
coat,  composed  of  ordinary  Hbrous  tissue^  witli  small  elastic  fibre* ;  a  middlt 
coat,  composed  of  non-striated  muscular  fibres ;  and  a  mucous  coat 

The  external  coat  requires  no  special  description.  It  is  prolonged  intw 
the  ealiees  and  is  continuous  with  the  fibrous  coat  of  the  kidney* 

The  fibres  of  tlie  muscular  coat,  in  the  greatest  part  of  the  length  of  the 
ureters,  interlace  with  each  other  in  every  direction  and  are  not  arranged  in 
distinct  layers ;  but  near  the  bladder,  is  an  internal  layer,  in  which  the  dime* 
tion  of  the  fibrea  is  longitudinal. 

The  mucous  lining  is  thin,  smooth  and  without  any  follicular  glands.  It 
is  thrown  into  narrow,  longitudinal  folds,  when  the  tube  is  flaccid,  which  «t 
easily  effaced  by  distention.  The  epithelium  exists  in  eevenil  layer*  and  ii 
remarkable  for  the  irregular  shape  of  the  cells.  These  present,  nsually,  dark 
granulations  and  one  or  two  cIcat  nuclei  with  distinct  nucleoli.  Some  of  tbt 
ceUs  are  flattened,  some  are  rounded,  and  some  are  caudate  with  one  or  tvo 
prolongations. 

Passing  to  the  base  of  the  bladder,  the  ureters  become  cons^tricted,  pene- 
trate the  coats  of  this  organ  obliquely,  their  course  in  its  walls  being  m  litUe 
less  than  an  inch  (25  mm.)  in  length.  This  valvular  opening  allowi  tine 
free  passage  of  the  urine  from  the  ureters,  but  compression  or  dis^tetitioci  of 
the  l)ladder  closes  the  orifices  and  renders  a  return  of  the  fluid  imt»«jtssible. 

The  bladder,  which  Bcrves  as  a  reservoir  for  the  urine^  varies  in  its  n4»- 
tions  to  the  pelvic  and  aMorainal  organs  as  it  is  empty  or  more  or  lesi 
distended.  When  empty,  it  lies  deeply  in  the  pelvic  cavity  and  is  tlwu  a 
small  sac,  of  an  irregularly  triangular  form.  As  it  becomes  filled,  it  aflwiiiww 
a  globular  or  ovoid  form,  rises  up  in  the  pelvic  cavity*  and  when  exeenfdy 
distended,  it  may  extend  partly  into  the  abdomen.  When  the  urine  is  rotded 
at  normal  intervals,  the  bladder,  when  filled,  contains  alx)ut  a  pint  (nearly 
500  c*c.)  of  liquid;  but  under  pathological  conditions  it  may  become  dis* 
tended  so  as  to  contain  ten  or  twelve  pints  (about  4  or  5  litres),  and  in  some 
instances  of  obstruction  it  has  been  found  to  contain  even  more.  The  blad- 
der is  usually  more  ca|>acious  in  the  female  than  in  the  male. 

The  co4its  of  the  bladder  are  three  in  number.  The  external  ooat  is  sim- 
ply a  reflection  of  the  i3eritoneum,  covering  the  posterior  portion  completely, 
from  the  oj^enings  of  the  ureters  to  the  summit,  about  one-third  of  the  Utenl 
portion  and  a  small  part  of  the  anterior  portion. 

The  middle  or  muscular  coat  consists  of  non-striated  fibree,  arranged  in 
three  tolerably  distinct  layers :  The  external  muscular  layer  is  compoeed  ol 
longitudinal  fibres,  which  arise  from  parts  adjacent  to  the  neck,  and  pa« 
anteriorly,  posteriorly  and  laterally  over  the  organ,  so  that  when  they  are 
contracted  they  diminish  its  capacity  chiefly  by  shortening  its  vertical  diam- 
eter.   The  fibres  of  the  external  layer  are  of  a  pinkish  hue,  being  much  more 
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highly  colored  than  the  other  layers.  The  middle  layer  is  fdrmed  of  circular 
fibres,  arranged,  on  the  anterior  surface  of  the  bladder,  in  distinct  bands  at 
right  angles  to  the  superficial  fibres.  They  are  thinner  and  less  strongly 
marked  on  the  posterior  and  lateral  surfaces.  The  internal  layer  is  composed 
of  pale  fibres  arranged  in  longitudinal  fasciculi,  the  anterior  and  lateral  bun- 
dles anastomosing  with  each  other,  as  they  descend  toward  the  neck  of  the 
bladdet,  by  oblique  bands  of  communication,  and  the  posterior  bundles  inter- 
lacing in  every  direction,  forming  an  irregular  plexus.  Here  they  are  not  to 
be  distinguished  from  the  fibres  of  the  middle  layer.  This  is  sometimes  called 
the  plexiform  layer,  and  it  gives  to  the  interior  of  the  bladder  its  reticulated 
appearance.  This  layer  is  continuous  with  the  muscular  fibres  of  the  urachus, 
the  ureters  and  the  urethra. 

The  sphincter  vesics  is  a  band  of  non-striated  fibres,  about  half  an  inch 
(12-7  mm.)  in  breadth  and  one-eighth  of  an  inch  (3-2  mm.)  in  thickness, 
embracing  the  neck  of  the  bladder  and  the  posterior  half  of  the  prostatic 
portion  of  the  urethra.  The  tonic  contraction  of  these  fibres  prevents  the 
flow  of  urine,  and  during  the  ejaculation  of  the  seminal  fluid,  it  offers  an 
obstruction  to  its  passage  into  the  bladder. 

The  mucous  membrane  of  the  bladder  is  smooth,  rather  pale,  thick,  and 
loosely  adherent  to  the  submucous  tissue,  except  over  the  corpus  trigonum. 
The  epithelium  is  stratified  and  presents  the  same  diversity  in  form  as  that 
observed  in  the  pelvis  of  the  kidney  and  the  ureters ;  viz.,  the  deeper  cells  are 
elongated  and  resemble  columnar  epithelium,  while  the  cells  on  the  surface 
are  flattened.  In  the  neck  and  fundus  of  the  bladder,  are  a  few  mucous 
glands,  some  in  the  form  of  simple  follicles  and  others  collected  to  form 
glands  of  the  simple  racemose  variety. 

The  corpus  trigonum  is  a  triangular  body,  lying  just  beneath  the  mucous 
membrane,  at  the  base  of  the  bladder,  and  extending  from  the  urethra  in  front, 
to  the  openings  of  the  ureters.  It  is  composed  of  ordinary  fibrous  tissue, 
with  a  few  elastic  and  muscular  fibres.  At  the  opening  of  the  urethra,  it 
presents  a  small,  projecting  fold  of  mucous  membrane,  which  is  sometimes 
called  the  uvula  vesicae.  Over  the  whole  of  the  surface  of  the  trigone,  the 
mucous  membrane  is  very  closely  adherent,  and  it  is  never  thrown  into  folds, 
even  when  the  bladder  is  entirely  empty. 

The  blood-vessels  going  to  the  bladder  are  ultimately  distributed  to  its 
mucous  membrane.  They  are  not  very  abundant  except  at  the  fundus,  where 
the  mucous  membrane  is  quite  vascular.  Lymphatics  have  been  described  as 
existing  in  the  walls  of  the  bladder,  but  Sappey  has  failed  to  demonstrate 
them  in  this  situation.  The  nerves  of  the  bladder  are  derived  from  the  hypo- 
gastric plexus. 

The  urethra  is  provided  with  muscular  fibres,  and  it  is  lined  by  a  mucous 
membrane,  the  anatomy  of  which  will  be  more  fully  considered  in  connection 
with  the  physiology  of  generation.  In  the  female  the  epithelium  of  the  ure- 
thra is  like  that  of  the  bladder.  In  the  male  the  epithelial  cells  are  small, 
pale  and  of  the  columnar  variety. 

Mechanism  of  the  Discharge  of  Urine, — In  the  human  subject  the  urine 
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is  disoharged  iilto  the  pelves  of  the  kidnep  and  the  uneters  by  preesttfe  do» 
to  the  act  of  separation  of  fluid  from  the  blood.  Once  dificbjtfged  mtotk 
ureters,  the  coarse  of  the  urine  is  determined  in  part  by  the  rif  a  Iwjf©,  mi 
in  part,  probably^  by  the  action  of  tlie  moseuJar  coata  of  iheaiB  lanals.  Mulk  j 
has  found  that  the  ureters  can  be  made  to  undergo  a  powetfol  local  oontncs 
tion  by  the  application  of  a  Farudic  current ;  and  Bernard  has  shorn  tkt 
this  may  be  produced  by  stimulation  of  the  anterior  roots  of  the  eteTenth 
dorsal  nerves. 

When  the  urine  lias  accumulated  to  a  certain  extent  in  the  bladder,  a  p^ 
culiar  sensation  is  felt  which  leads  to  the  act  for  it^  expulsion.  The  intemli 
at  which  it  is  experienced  are  very  variable.  The  urine  is  usuaUly  toided 
before  retiring  to  rest  and  upon  rising  in  the  morning,  and  generally  two  cr 
three  times^  in  addition,  during  the  day.  The  frequency  of  micturition,  h<»w^ 
ever,  depends  very  much  upon  habit,  upon  the  quantity  of  Injuid^  inirtfttHi 
and  upon  the  degree  of  activity  of  the  skin. 

Evacuation  of  the  bladder  is  accomplished  by  the  rausLular  wiiiis  of  tr*t 
organ  itself,  aided  by  contractions  of  the  diaphragm  and  the  abdominal  mo*- 

cles  with  certain  muscles  which  oper- 
L_— — — — ^^  ate  upon  the  urethra,  and  it  is  accom- 

panied by  relaxation  of  tlie  sphincter 
vesica.  This  act  is  at  first  volnutarv, 
but  once  begun,  it  may  be  coDttnued 
by  tlie  involuntary  contraction  of  the 
1  /  bladder  alone.  During  the  fifiit  part 
of  the  process,  the  distended  bladder 
^  is  compressed  by  contraction  of  the  di* 
aphraglim  and  the  abdominal  mus- 
cles ;  and  this  after  a  time  excites 
action  of  the  bladder  itself.  A 
tain  time  usually  elapse-s  then  befa 
the  urine  begins  to  flow,  VThen 
bladder  contracts,  aided  by  the  mus- 
cles of  the  abdomen  and  the  dia- 
phragm, the  resistance  of  the  sphinc- 
ter is  overcome,  and  a  jet  of  uriue 
flows  from  the  urethra.  All  voluntary 
action  may  then  cease  for  a  time^  and 
the  bladder  will  nearly  empty  itself: 
but  the  force  of  the  jet  may  be  con- 
siderably increased  by  voluntary  efforL 
Toward  the  end  of  the  expidsive  act,  when  the  quantity  of  liquid  remain- 
ing in  the  bladder  is  small,  the  diaphragm  and  the  abdominal  muscles  an 
again  called  into  action,  and  there  is  a  convulsive,  interrupt-ed  discharge  of 
the  small  quantity  of  urine  that  remains.  At  this  time  the  impair  from  the 
bladder,  and,  iudeeil,  the  influence  uf  the  abdominal  muscles  and  diapl 
are  very  slight,  and  the  flow  of  urine  along  the  urethra  is  aided  by  the  ' 
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tractions  of  iU  muscular  walla  and  the  action  of  some  of  the  perineal  mus- 
cles, the  most  efficient  being  the  aecelenitor  nnna^ ;  but  with  all  this  mnscn- 
lar  action,  a  few  drops  of  urine  generally  remain  in  the  male  uretlxra  after  tlie 
act  of  ariDatiou  has  been  accomplislied.  The  process  of  evacuation  of  urine 
in  the  female  is  essentiallj  the  Sivme  as  in  tJie  male,  with  t!ie  exception  of 
the  slight  moditications  due  to  ditfereneeii  in  the  direction  and  length  of  the 
urethra. 

Accoi-ding  to  Budge,  the  inOuence  of  the  nervous  system  on  the  bladder 
operates  through  the  sympathetic ;  and  he  ha^  described  a  ceiitre  in  the  spinal 
cord,  which  presides  over  the  conti-actious  of  the  lower  part  of  the  intestinal 
canal,  the  bladder  and  the  va^a  deferentia.  Tliis  is  called  the  genito-spinal 
centre,  and  it  Inis  bt*en  located,  in  experiments  upon  rabbits,  in  the  spinal 
cord,  at  a  point  opposite  the  fourth  lumbar  vertebra.  From  this  centre  the 
nervous  filaments  pass  through  the  sympathetic  nerve,  cummunieating  with 
the  ganglion  which  corresponds  to  the  fifth  Uimbar  vertebra. 

Properties  and  Composition  of  the  Urine. 

The  color  of  the  urine  is  very  variable  within  the  limits  of  health,  and  it 
depends  to  a  coni^iderable  extent  upon  the  character  of  the  fowl,  the  fjuantity 
of  drink  and  the  activity  of  the  skin.  As  a  rule  the  color  is  yellowish  or 
amber,  with  more  or  less  of  a  reddish  tint.  The  fluid  is  perfectly  transpar- 
ent, free  from  viscidity,  and  exhales,  when  first  passed,  a  peculiar,  aromatic 
odor,  which  is  by  no  means  disagreeable.  8oon  after  the  urine  cools,  it  loses 
this  pecnliar  odor  and  has  the  odor  known  as  urinous.  This  odor  remains 
until  the  liquid  begins  to  undergo  deeompoBition,  The  color  and  odor  of 
the  urine  usnally  are  modi  tied  by  the  same  physiological  conditions.  When 
the  fluid  contains  a  large  proportion  of  solid  matters,  the  color  is  more  intense 
and  the  urinous  oiior  is  more  penetrating;  and  when  its  tpiautity  is  increased 
by  an  excess  of  water,  the  specific  gravity  is  low,  the  color  is  pale  ami  the 
odor  is  faint.  The  first  urine  passed  in  the  morning,  immediately  after 
rising,  usually  is  more  intense  in  color  than  that  passed  dnriug  the  day,  and 
contains  a  relatively  larger  proportion  of  solids  in  solution. 

The  tenifH^ratnre  of  the  urine  at  the  moment  of  its  emission,  under  physio- 
logical conditions,  varies  but  a  very  small  fraction  of  a  degree  from  100° 
Fahr.  (37*78^  C).  This  estimate  is  the  result  of  an  extended  series  of  obser- 
vations, by  Byasson,  in  18t!8. 

In  estimating  the  total  quantity  of  urine  discharged  in  the  twenty-four 
hours,  it  is  important  to  take  into  consideration  the  specific  gravity,  as  an 
indication  <^f  the  amount  of  s^ilid  matter  excreted  by  the  kidnij^A's,  Variations 
in  quantity  constantly  occur  in  health,  depending  upon  the  proportion  of 
water;  but  the  quantity  of  solid  matters  excreted  is  usually  more  lu'arly  uni- 
form. It  must  also  he  taken  into  account  that  differences  in  climate,  habits 
of  life,  etc.,  in  different  countries,  have  an  important  inflnence  u]>on  the  daily 
quantity  of  urine.  Parkes  collected  the  results  of  twenty-six  series  of  observa- 
tions made  in  America,  England,  France  and  Germany,  and  finmd  the  aver- 
age daily  quantity  of  m-ine  in  healthy  male  adults,  between  twenty  and  forty 
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years  of  age,  to  be  fifty-two  and  a  half  fluidotmces  (1,552*0  c  a),  the  dxtn^ 
quantity  per  hour  being  two  and  one-tenth  fluidounoe*  {Qt  c,  c).  The 
extremes  were  thirty-tive  ounces  and  eighty-one  oimces  (1.035  and  2^ 
c  c).  The  average  quantity  inay  be  aesatned  to  be  about  Mty-cme  fltiid- 
ounce«  (1,500  c,  c).  Tlie  normal  range  of  variation  u  between  thirty  ud 
sixty  ounces  (about  900  and  1,T75  c.  c).  The  conditions  wtiich  lead  toi 
diminution  in  the  quantity  of  urine  usually  are  more  efficient  in  their  (>{)erv 
tion  than  those  which  tend  to  an  increase ;  and  the  range  below  the  normal 
standard  is  rather  Tiider  than  it  i^  above.  More  urine  usually  u  secrttel 
during  the  day  than  at  night  The  quantity  of  water  discharged  bj  the 
kidneys  in  the  twenty-four  hours  is  a  little  greater  in  the  female  than  in  tb? 
male ;  but  in  the  female  the  specific  gravity  is  lower,  and  tlie  quantity  of  etilid 
constituents  is  relatively  and  absolutely  less  (Bec^uerel), 

The  specific  gravity  of  the  urine  should  be  estimated  in  connection  wi\ik 
the  absolute  quantity  in  the  twenty-four  hours.     Those  who  a&sume  thai  tk 
daily  quantity  is  about  fifty-one  ounces  (1,500  c.  c),  give  the  ordinary  specific 
gravity  of  the  mixed  urine  of  the  twenty-four  hours  as  about  10"i0.    Tht? 
specific  gravity  is  liable  to  the  same  variationjs  as  the  proportion  of  water,  and 
tlie  density  is  increased  as  the  water  is  diminished.     The  ordinary  rjv 
variation  in  specific  gravity  is  between  1015  and  1025 ;  but  without  po^:- 
indicating  any  pathological  condition,  it  may  be  as  low  as  lOOo  or  m  high 
as  1030. 

The  reaction  of  the  urine  is  acid  in  the  camirora  and  alkaline  in  the 
herbivora*  In  the  human  subject  it  usually  is  acid  at  the  mometit  of  tti 
discharge  from  the  bladder;  although  at  certain  timee  of  the  day  it  my 
be  neutral  or  feebly  alkaline^  the  reaction  depending  upon  the  charactff 
of  the  food.  The  acidity  may  be  measured  by  neutralizing  the  urine  with 
an  alkali  in  a  solution  that  has  previously  been  graduated  with  a  aolutioa 
of  oxalic  acid  of  known  strength ;  and  the  degree  of  acidity  is  usually  ex- 
pressed by  calling  it  equivalent  to  so  many  grains  of  crystallized  oialio 
acid. 

As  the  result  of  a  large  number  of  observations  made  by  Vogel  and  under 
his  direction,  the  total  quantity  of  acid  in  the  urine  of  the  twenty- four  hours 
in  a  healthy  adult  male  is  equal  to  between  thirty  and  sixty  grains  (2  and  4 
grammes)  of  oxalic  acid.  The  hourly  quantity  in  these  observations  was 
e<|ual^  in  round  numbers,  to  l>etween  one  and  a  lialf  and  tliree  grains  (0*1  and 
0-2  gramme)  of  acid»  The  proportion  of  acid  was  found  to  be  \ery  variahlt! 
in  the  same  person  at  different  times  of  the  day.  The  urine  contains  no  frw 
acid^  but  its  acidity  under  an  animal  or  a  mixed  diet  de[^K»nds  upon  the  prw- 
ence  of  acid  salts,  of  which  the  principtd  one  is  acid  sotlium  phosphate,  with 
possibly  a  little  acid  calcium  phosphate. 

Composition  of  the  Urine. — Regarding  the  excrementitious  eonstiiueiH- 
of  the  urine  as  a  measure,  to  a  certain  extent,  of  the  general  process  of  dis- 
similation, it  is  more  important  to  recognize  the  qimntities  of  these  products 
discharged  in  a  definite  time  than  to  learn  simply  their  proportions  in  Ihe 
urine ;  and  in  the  following  table  of  composition  of  the  urine,  the  absolute 
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quantities  of  its  different  constituents,  excreted  in  twenty-four  hours,  have 
been  given  when  practicable. 


COMPOSITION    OF  THE    HUMAN    URIXE, 

Woter  (in  U  hours,  27  to  m  fluidoutice.^^  hOO  to  l,4Stl  c.  e.— Bt^quercl). . 
Urett  (in  *24  hours,  S55  to  4(J3  gniins,  23  to  30  grammes — Robin). ..,,.,« 

Uric  acid,  at'ciilontal  or  traces  .........,....,...* 

Sodium  untte,  neutral  ntul  add ]      (In  24  hours.  6  to  1>  grs„  0'39 

AmmoiiiuiU  umtu,  noutml  and  acid  (in    |  to  0 '58  gram  mo,  of  uric  acid 

Bmalt  <]uaTvtity) ..*,,,»* , .  I  — BtH'qucrel — or  9  to  14  grs., 

Potassium  urate  » (  0-58  to  Q-U  grarnme,  of  urates. 

Calcium  urate esti  mated  as  neutral  urate  of 

Magnesium  urate , J  soda) 

(In  24  hours,  about  7*5  grs.,  0^4S6  gramme, 
of  hippuric  acid — ThiHlichum — eqiiivuleut 
to  about  8*7  grs*,  D*54iG  gramme,  of  sodium 
hippurate) ,  , 


967-47  to  O40'36 
15-00   **     23-00 


Sodium  hippurate. .. . 
Potassium  hippurate., 
Calcium  hippurate  . . , 


Sodium  lactate  . . 
Potassium  lactate 
Calcium  lactate. . 
Creatine 


(Daily  quantity  not  estimated) . 


0-745 


SotHum  sulphate  * 

Potassium  sulphate 

Calci  u  m  su  1  phate  (traces)* . 


(In  24  hours,  about  11-5  grains, 

Creatinine S  gramme,  of  l>ot  h — Thudiebum) 

Calcium  oxalatt*  (daily  quantity  not  estimated) 

Xanthine . . , , , . , . 

Margarine,  oleine  anil  other  fatty  matters  .... , 

S^KJium  chloride  tin  24  houn^,  about  154  grains,  10  grammes — Robin) . . , 

Pota«f»ifium  L'hloride 

Ammonium  chloride , ♦ 

(In  24  hours,  23  to  38  grains,  1*5  to  2-5 
grammes,  of  sulphuric  acid — Thudichum, 
Atjout  equal  parts  of  swltum  hul[>hatc  and 
potassium  suljthate — Robin — e<juivalent  to 
23*5  to  37*5  grain.s  1*45  to  2*43  grammes 
of  each) 

Sodium  phosphate,  neutral 

tMjdium  phosphate,  aeid  . . 

Magnesium  phosphate  (in  24  hours,  7*7  to  11'8  grains,  0-5  to  0-768 
gram  me — Neulmunr) 

Calfium  phosphate,  aeid.,   /       (In   24  hours,  4*7  to  5*7  grains,  0*307  to 

Calcium  phosphate,  bi^ic.   i  0'373  gramme^Neuliftuer). . 

Ammonio-maguesiau  phosphate  (daily  quantity  not  estimated) , 

(Daily  excretion  of  phosphoric  acid,  about  50  graiuij,  Q'G29  grammes — 
Thudichum,) 

Silicic  acid .  * . 

lTrochrt>me } 

Mucus  from  the  bladder  . ,   \ 


1-00  "       I'OO 

100   **       1-40 
1*50   "       2-60 


Vm   **  3-00 

traces   **  1*10 
not  estimated* 

U-10  to  0-20 

300   "  8*00 

traces. 

1*50  to  2*20 


(Daily  quantity  not  estimated) . 


0*50   '*       1-00 

0-20   •»       1-30 
1*50   "       2-40 


003   *-       0-04 
O'lO   **       0*50 


Proportion  of  solid  constituents,  32-63  to  59"80  parts  per  1,000. 


1,000-00     1,00000 


GoifM  of  the  Urine.    (Parts  per  1,000,  in  volume,) 

Orygen  in  solution , 0*90  to  1-00 

Xitrtjgen  in  solution 7-00   '*  1000 

Carbon  dioxide  in  solution •  • ,...•.  *45   '*  50"(X) 
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Urea. — As  regards  quantity,  and  probably  as  a  measure  of  the  actiri^l 
of  the  genernl  ]iroeess  of  disassiniiliitiori,  urea — C0(NH*)2 — is  the  most  im-i 
portant  of  the  urinary  constituents.  Regarding  the  diwly  exeretion  of  tin 
as  a  measure  of  tiie  physiologieal  wear  of  certain  tissues,  its  comideraiionj 
would  come  properly  under  the  hetvl  of  nutrition,  in  connection  Tsith  otlicf  I 
substances  known  to  be  the  results  of  disassiiniJation ;  but  it  is  convenient  tQl 
treat  of  its  gonend  physiological  properties  and  some  of  its  variations  id] 
common  with  other  excrementitious  principles  sepamted  by  the  kidneys,  IQ 
connection  witli  the  composition  of  the  uririe. 

The  forniula  for  urea,  showing  the  presence  of  a  large  proportion 
nitrogen,  would  lead  to  the  supposition  tlmt  this  substance  is  one  of  thepr 
nets  of  the  wear  of  the  nitrogenized  constituents  of  the  botty.     It  is  foiiBil,* 
under  normal  conditions,  in  the  urine,  the  lymph  and  chyle,  the  blood,  the 
sweat,  tlie  vitreous  humor,  and  a  trace  in  the  saliva.     Its  presence  has  beea 
demonstrated,  also,  in  the  substance  of  the  healthy  liver  in  both  carnirorom" 
and  herl)ivornus  animals ;  and  it  has  been  shown  that  it  exists  in  minute 
quantity  in  the  muscular  juice  (Zalesky).     Under  j>athological  condition 
urea  finds  its  way  into  viirious  other  fluids,  such  as  the  secretion  from 
stomaeh,  the  serous  fluids  etc. 

Urea  is  one  of  the  few  organic  substances  that  have  been  produced  artifi- 
cially.  In  18*28,  Wohler  obtiiineil  urea  by  adding  ammonium  sulphate  to  a 
of  potassium  cyanate.  The  products  rif  tins  combination  are  potas- 
sium sulphate,  with  cyanic  acid  and  am- 
monium  in  a  form  to  constitute  urua. 
Ammonium  cyanate  is  isomeric  witi 
urea,  and  the  change  is  elTected  by  i 
re-arraugenient  of  its  elements.  It 
long  been  knowTi  that  urea  is  readj 
convertible  into  ammonium  carbonat 
and  ammonium  carbonate,  when  heab 
in  sealed  tubes  to  tlio  temperature 
whieh  urea  begins  to  decompose^  is  c€ 
verted  into  urea  (KolVie). 

Urea  may  readily  be  extracted  fron 
the  urine,  by  processes  fully  described  ii 
works  upon  i>hysiological  cheraistr 
anil  its  proportion  ma}^  now  easily 
estimated  by  the  vanous  methods 
volumetric  analysis.  It  is  not  so  easy,  however,  to  separate?  it  frum  the  bhu 
or  from  the  substance  of  any  of  the  tissues,  on  account  of  thi?  ilitficulty 
getting  rid  of  otber  organic  matters  and  the  readiness  with  which  it  undt 
goes  decomposition. 

When  perfectly  pure,  urea  crystallizes  in  the  form  of  long,  foiir-sid< 
coloiless  and  transparent  prisms,  which  are  without  odor,  neutral,  and 
taste  resemble  saltpetre.  These  crystals  are  very  soluble  in  water  and 
alcohol,  but  they  are  entii^ely  insoluble  in  ether.    In  its  behavior  with  reagei 
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>  acts  as  a  base,  combining  readily  with  certain  acids,  particularly  nitric 

:  0XBlic*  It  also  forms  combinations  witb  et?rtain  salts,  such  as  nicrcuric 
^osiddf  aodiiim  chloride  etc.  It  exists  in  the  economy  in  a  istate  of  wutcry 
solution,  with  perhaps  a  small  portion  modified  by  the  presence  of  sodium 
chloride. 

Origin  of  Urea. — It  is  now  uniTersally  admitted  by  physiolacrists  that 
urea  is  not  formed  in  the  kidneys  but  preexists  in  the  blood.  It  finds  its  way 
into  the  blood,  in  part  directly  from  the  tissues,  and  iu  part  from  the  lymph, 
which  contains  a  greater  i>roportion  of  urea  than  is  found  iu  the  blood  itself. 
The  rpiantity  of  urea  in  the  blood  is  kept  down  by  the  elimiuitting  action  of 
the  kidneys.  Although  a  great  part  of  the  lymph  is  probably  derived  from 
the  blood,  it  is  not  probable  that  the  blood  gives  to  the  lyraph  sdl  of  the  urea 
contained  in  the  latter  fluid ;  and  it  must  be  assumed  that  a  part  of  the  urea 
of  the  lympli  passes  from  the  tissues  into  tlie  lymplj-spaces  and  canals, 
although  a  certain  quantity  may  be  produced  by  the  lymphatic  glands. 

As  an  outcome  of  many  contradir^tory  experiments  and  opinions  on  the 
subject,  it  must  now  be  considered  as  proved  thtit  the  liver  produces  urea  in 
large  quantity.  If  defibrinatcd  blood  be  passed  several  times  thiT»ugh  a  per- 
fectly fresh  liver^  it  gains  urea.  This  observation,  which  was  first  made  by 
Cyon,  in  IBTO,  has  been  repeatedly  contirmed.  In  certain  eases  of  stnict- 
ural  disease  of  the  liver,  the  excretion  of  urea  is  much  diminished,  and  this 
substance  may  disappear  from  the  urioe.  A  number  of  cases  illustrating 
this  fact  hi4s  been  reported  by  BrouardeL 

Assuming  tiiat  urea  is  the  most  abundant  and  important  of  the  nitrogcn- 
izedexcrementitious  products — which  is  fully  justitied  by  physiological  facts- 
it  is  dit^icult  to  avoid  the  conclusion  that  this  substance  i^jiresents,  to  a  great 
extent,  the  disjissimilation  of  the  nitrogenized  parts  of  the  tissues,  and  neces- 
sarily the  physiological  wear  of  the  muscular  substance.  Tlie  fact  that  urea 
exists  in  very  minute  quantity  in  the  muscles—and  some  chemists  state  that 
it  is  absent — is  jirobably  due  to  its  constant  removal  by  the  bifjutl  aiul  lympli. 

Uric  acid,  creatine,  i^reatiniue,  xanthine,  hypoxauthine,  leucine,  tyrosine 
and  some  other  analogous  substances  are  to  be  regarded  as  formations  ante- 
cedent to  urea,  urea  being  tbe  final  and  perfec^t  excrement itious  product. 

It  is  convenient,  in  this  councetiou,  to  consider  the  principal  couditiona 
which  influence  the  formation  and  elimination  of  urea,  or  in  order  to  com- 
pare this  substance  with  certain  constituents  of  food,  the  elimination  of 
excrement  itious  nitrogen  from  the  body* 

Influenee  of  !ufje>tta  npon  the  Compos  if  ion  of  the  Urim  and  upon  the 
EUmimttion  nf  Nitrofjen, — Water  and  other  liquid  ingcsta  usually  increase 
the  proportion  of  water  in  the  urine  and  diminish  its  specific  gravity.  Tills 
is  so  marked  after  the  ingestion  of  large  quantities  of  liquids,  that  the  urine 
passed  under  these  conditions  is  sometimes  spoken  of  by  physiologists  as  the 
urina  potus ;  but  when  an  excess  of  water  has  been  taken  for  purposes  of  ex- 
periment, the  diet  being  carefully  regulated,  the  absolute  quantity  of  solid 
matters  excreted  is  considerably  increased.  This  is  particularly  marked  iia 
regards  urea,  but  it  is  noticeable  in  the  sulphates  and  phosphates,  though  not 
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to  any  great  extent  in  the  chlorides.  The  results  of  experimenta  npon  thk 
point  seem  to  show  that  water  taken  in  excess  increages  the  activity  tif  dm* 
similation. 

The  ordinary  meals  increase  the  solid  constituents  of  the  urine,  the  most 
constant  and  uniform  increase  being  in  the  proportion  of  urea,     Thi^^  bow-; 
over,  depends  to  a  great  extent  npcjn  tlie  kind  of  food  taken.     The  increaa 
IB  usually  noted  during  tlie  first  hour  after  a  meal,  and  it  attains  its  niaii* 
mum  at  the  tliird  or  fourth  lioiir.     The  inorganic  matters  are  increase(i  a« 
well  as  the  cxei^cmentitious  substances  proj)er.     The  urine  passed  after  fcKxL 
has  been  called  urina  cibi,  under  the  idea  that  it  is  to  be  clistinguished  fi^ 
the  urine  supposed  to  be  derived  exclusively  from  disassimilation  of  the 
snes,  which  is  called  the  urina  sanguinis. 

It  is  an  important  question,  to  determine  the  influence  of  different  kind} 
of  food  upon  the  composition  of  the  urine,  particularly  the  companitiv« 
effects  of  a  nitrogenized  and  a  non-nitrogenized  diet  Lehmann  has  made  a 
number  of  observations  upon  this  point,  and  his  results  have  been  4^ 

by  many  other  physiologists.     Without  discussing  fully  all  of  tht  -  ^i^^ 

tions,  it  is  sufficient  to  state  that  the  ingestion  of  an  excess  of  nitrogemztii 
food  always  produced  a  great  increase  in  the  proportion  of  the  nit-  1 

constituents  of  the  urine»  particularly  the  urea.     On  a  non-nitrogt  i  ;, 

the  proportion  of  urea  was  found  to  be  diminished  more  than  one-hjiif.  T 
geneml  resultjs  of  the  experiments  of  Lehmann  are  embodied  in  the  folio wi 
quotation : 

*•■  My  experiments  show  that  the  amount  of  urea  which  is  excreted  is  ex 
tremely  dependent  on  the  nature  of  the  food  which  has  been  previously  taki 
On  a  purely  animal  diet,  or  on  food  very  rich  in  nitrogen,  there  were  ofi 
two-fifths  more  urea  excreted  than  on  a  mixed  diet ;  while»  on  a  mixed  li 
there  Wiis  almost  one-third  more  than  on  a  purely  vegetable  diet;  wh 
finally,  on  a  non-nitrogenous  diet,  the  amount  of  urea  was  less  than  half  the 
quantity  excreted  dtiring  an  ordinary  mixed  diet" 

The  influence  of  food  is  not  absolutely  confined  to  the  period  when 
particular  kind  of  food  is  taken,  but  is  continued  for  many  hoxiTB  after  a  re* 
turn  to  the  ordiiniry  diet. 

With  regard  to  the  influence  of  food  uiK>n  the  inorganic  eonatituents  of 
the  urine,  it  may  be  stated  in  general  terms  that  the  ingestion  of  mint 
substances  increases!  their  projiortion  in  the  excretions. 

There  are  certain  articles  which,  when  taken  into  the  sy8t<*m,  the 
being  regular,  seem  to  retai-d  the  process  of  disassimilation  ;  or  at  least  th^y 
diminish,  in  a  marked  manner,  the  quantity  of  matters  excreted,  particular] 
urea.    Alcohol  has  a  very  decided  influence  of  this  kind.    Its  action  may 
modified  by  the  presence  of  salts  and  other  matters  in  the  different  alcoli 
beveniges,  but  in  nearly  all  direct  experiments,  alcohol  either  taken  uni 
normal  conditions  of  diet,  when  the  diet  is  deficient  or  when  it  is  in  e: 
diminishes  the  excretion  of  urea.     The  same  may  be  stated  in  general 
of  tea  and  coffee. 

Influence  of  Muscular  Exerciu  ttpon  ihe  Elimination  of  Niirog^n^ — la 
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all  observations  with  regard  to  the  influence  of  muscular  exercise  upon  the 
elimination  of  nitrogen,  account  should  be  taken  of  the  influence  of  diet ;  and 
those  observations  are  most  valuable  which  have  given  the  proportion  of  nitro- 
gen eliminated  to  the  nitrogen  of  food.  The  observations  of  Fick  and  Wisli- 
cenus  (1866)  showed  a  diminution  in  the  elimination  of  nitrogen  during  work; 
but  during  the  time  of  the  muscular  work,  no  nitrogenized  food  was  taken. 
The  same  conditions  obtained  in  certain  of  the  observations  of  Parkes.  In 
a  series  of  observations  made  in  1870  (Flint),  on  a  person  who  walked  317^ 
miles  (about  510  kilometres)  in  five  consecutive  days,  the  diet  was  normal, 
and  the  proportionate  quantity  of  nitrogen  was  calculated  for  three  periods  of 
five  days  each,  with  the  following  results  : 

For  the  five  days  before  the  walk,  with  an  average  exercise  of  about  eight 
miles  (13  kilometres)  daily,  the  nitrogen  eliminated  was  92*82  parts  for  100 
parts  of  nitrogen  ingested.  For  the  five  days  of  the  walk,  for  every  hundred 
parts  of  nitrogen  ingested,  there  were  discharged  153*99  parts.  For  the  five 
days  after  the  walk,  when  there  was  hardly  any  exercise,  for  every  hundred 
parts  of  nitrogen  ingested,  there  were  discharged  84*63  parts.  During  the 
walk,  the  nitrogen  excreted  was  in  direct  ratio  to  the  amount  of  work; 
and  the  excess  of  nitrogen  eliminated,  over  the  nitrogen  of  food,  almost  ex- 
actly corresponded  with  a  calculation  of  the  nitrogen  of  the  muscular  tissue 
consumed,  as  estimated  from  the  loss  of  weight  of  the  body.  In  1876,  a  similar 
series  of  observations  was  made  upon  the  same  person  by  Pavy.  In  these  ob- 
servations, the  subject  of  the  experiment  walked  450  miles  (724*21  kilometres) 
in  six  consecutive  days.  During  this  period,  the  proportionate  elimination  of 
nitrogen  was  increased,  but  not  to  the  extent  observed  in  1870.  Similar  re- 
sults, although  the  experiments  were  made  on  a  less  extended  scale,  were  ob- 
tained by  North,  in  1878.  These  results  are  opposed  to  the  views  of  many 
physiologists,  sinc^  the  experiments  of  Fick  and  Wislicenus,  who  regard  the 
elimination  of  nitrogen  under  ordinary  conditions  as  dependent  mainly  upon 
the  diet  and  not  upon  the  muscular  work  performed.  The  observations  of 
Voit,  indeed,  are  favorable  to  this  \iew. 

Notwithstanding  the  results  obtained  by  Fick  and  Wislicenus,  Frankland, 
Haughton,  Yoit  and  others,  the  fact  remains  that  excessively  severe  and 
prolonged  muscular  work  increases  the  elimination  of  nitrogen  over  and 
above  the  quantity  to  be  accounted  for  by  the  nitrogenized  food  taken.  Ac- 
tual observations  (Flint,  Pavy  and  others)  are  conclusive  as  regards  this 
simple  fact ;  but  it  is  well  known  that  muscular  exercise  largely  increases 
the  elimination  of  carbon  dioxide  and  the  consumption  of  oxygen.  In  exer- 
cise so  \'iolent  as  to  produce  dyspn(ea,  the  distress  in  breathing  is  probably 
due  to  the  impossibility  of  supplying  by  the  lungs  sufficient  oxygen  to  meet 
the  increased  demand  on  the  part  of  the  muscular  system,  and  the  possible 
amount  of  muscular  work  is  thereby  limited. 

The  observations  and  conclusions  of  Oppenheim  (1880)  go  far  to  harmon- 
ize the  results  obtained  by  different  experimenters.  Oppenheim  concludes 
that  muscular  work,  when  not  carried  to  the  extent  of  producing  shortness  of 
breath  or  when  moderate  and  extending  over  a  considerable  length  of  time. 
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does  not  increase  the  elimination  of  urea ;  but  that  even  lesg  work,  when 
lent  and  attended  with  shortness  of  breath,  increases  the  dis^  '  "  ar 

According  to  this  view,  moderate  work  draws  upon  the  oxvg*^  . ,  '^ 
the  body  and  at  once  largely  increases  the  elimination  of  carbon  dioxide; 
the  less  active  processes  which  result  in  the  production  of  urea  are  not 
promptly  affected.  Violent  muscular  work,  however,  or  work  which  is 
cessively  prolonged,  consumes  those  parts  of  the  tissues  the  destruction 
which  is  represented  by  the  dischai'ge  of  urea.  This  view,  if  accepted,  I 
monizes  the  apparently  contradictory  experiments  upon  the  influentie 
muscuilar  work  on  the  elimination  of  nitrogen* 

The  daily  quantity  of  urea  excreted  is  sub|ect  to  very  great  variation 
It  is  given  iu  the  table  as  355  to  4G3  grains  (23  to  30  grammes).     This 
leas  than  the  estimates  frequently  given;  but  when  the  quantity  has 
very  large,  it  has  generally  depended  upon  an  unusual  amount  of  nitrogeii-1 
ized  food,  or  the  weight  of  the  body  has  been  above  the  average.     Parke* 
has  given  the  results  of  twenty-five  different  series  of  observations  ujx^r 
point-     The  lowest  estimate  was  w286*l   grains  (18*24  grumniosK  an«i„ 
highest,  688*4  grains  (44-61  grammes). 

Crie  Acid  and  its  Compoundif. — Uric  acid  (05114X403}  ^(-laom 
exists  in  a  free  state  in  normal  urine.     It  is  very  insoluble,  requiring 
teen  to  fifteen  thousand  times  its  volume  of  cold  water  or  eighteen  to  nin 
teen  hundred  parts  of  boiling  w^ater  for  its  solution.     Its  presence  uncom*^ 
bined  in  the  urine  must  be  regarded  as  a  pathological  condition. 

In  normal  urine,  uric  acid  is  combined  with  sodium,  ammonium,  poti 
sium,  calcium  and  magnesium.     Of  these  combinations,  the  sodium  ur»ti 
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Fm.  ^QO.^CruMtatM  of  uriearid,  oMained j}artltt 
b^  the  9ntutinn  and  »ubse<tuent  precipita- 
fioH  of  chemically  pnrf  acid^  ana  partly  by 
drt^mponttiun  nf  the  urate*  bjf  niti'ic  or 
acetic  acid  (Funkt?), 

id  ammonium  urate  are  by  far  the  most  important,  and  they  constitute  1 
great  proportion  of  the  urates,  potassium^  calcium  and  magnesium  urat 
existing  only  in  minute  traces.     Sodium  urate  is  very  much  more  abunda 
than  ammonium  urate.    The  union  of  uric  acid  with  the  baaeB  is  very  feet 
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If  from  any  cause  the  urine  become  excessively  acid  after  its  emission,  a 
deposit  of  uric  acid  is  likely  to  occur.  The  addition  of  a  very  small  quantity 
of  almost  any  acid  is  sufficient  to  decompose  the  urates,  when  the  uric  acid 
appears,  after  a  few  hours,  in  a  crystalline  form. 

Uric  acid,  probably  in  combination  with  bases,  was  found  in  the  substance 
of  the  liver  in  large  quantity  by  Cloetta  (1858),  and  his  observations  have 
been  confirmed  by  recent  authorities.  The  urates  also  exist  in  the  blood  in 
very  small  quantity  and  pass  ready-formed  into  the  urine.  The  fact  that 
the  urates  exist  in  the  liver  has  led  to  the  opinion  that  this  organ  is  the  prin- 
cipal seat  of  the  formation  of  uric  acid  (Meissner).  However  this  may  be,  uric 
acid  certainly  is  not  formed  in  the  kidneys,  but  is  simply  separated  by  these  or- 
gans from  the  blood.  Meissner  did  not  succeed  in  finding  uric  acid  in  the  mus- 
cular tissue,  although  the  specimens  were  taken  from  animals  in  which  he  had 
found  large  quantities  in  the  liver.  The  urates,  particularly  sodium  urate, 
are  products  of  disassimilation  of  the  nitrogenized  constituents  of  the  •body. 

The  daily  excretion  of  uric  acid,  given  in  the  table,  is  six  to  nine  grains 
(0-39  to  0-58  gramme),  the  equivalent  of  nine  to  fourteen  grains  (0-58  to  0*9 
gramme)  of  urates  estimated  as  neutral  sodium  urate.  Like  urea,  the  pro- 
portion of  the  urates  in  the  urine  is  subject  to  certain  physiological  varia- 
tions. 

Hippnric  Acid^  Hipptirates  atid  Lactates. — The  compounds  of  hippuric 
acid  (C9H9NO3),  which  ai*e  so  abundant  in  the  urine  of  the  herbivora,  are 
now  known  to  be  constant  constituents  of  the  human  urine.  Hippuric  acid 
is  always  to  be  found  in  the  urine  of  children,  but  it  is  sometimes  absent 
temporarily  in  the  adult.  The  hippurates  have  been  detected  in  the  blood 
of  the  ox  by  Yerdeil  and  Dolf uss,  and  they  have  since  been  found  in  the  blood 
of  the  human  subject.  There  can  be  scarcely  any  doubt  that  they  pass, 
ready-formed,  from  the  blood  into  the  urine.  As  to  the  exact  mode  of  origin 
of  the  hippurates,  there  is  even  less  information  than  with  regard  to  the 
origin  of  the  other  urinary  constituents  already  considered.  Experiments 
have  shown  that  the  proportion  of  liippuric  acid  in  the  urine  is  greatest  after 
taking  vegetable  food ;  but  it  is  found  after  a  purely  animal  diet,  and  proba- 
bly it  also  exists  during  fasting.  The  daily  excretion  of  hippuric  acid  is 
about  7*5  grains  (0-486  gramme),  which  is  equivalent  to  about  8*7  grains 
(0*560  gramme)  of  sodium  hippurate. 

Hippuric  acid  itself,  unlike  uric  acid,  is  soluble  in  water  and  in  a  mixture 
of  hydrochloric  acid.  It  requires  six  hundred  parts  of  cold  water  for  its 
solution,  and  a  much  smaller  proportion  of  warm  water.  Under  pathological 
conditions  it  is  sometimes  found  free  in  solution  in  the  urine. 

Sodium,  potassium  and  calcium  lactates  exist  in  considerable  quantity  in 
the  normal  urine.  They  are  undoubtedly  derived  immediately  from  the 
blood,  passing  ready-formed  into  the  urine,  where  they  exist  in  simple  watery 
solution.  According  to  Robin,  the  lactates  are  formed  in  the  muscles,  in  the 
substance  of  which  they  can  readily  be  detected.  Physiologists  have  little 
positive  information  with  regard  to  the  precise  mode  of  formation  of  these 
salts.    It  is  probable,  however,  that  the  lactic  acid  is  the  result  of  transforma- 
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tion  of  glucose.     The  lactic  acid  eootained  in  the  lactates  extracted  from  t^ 
muscular  substance  is  not  identic4J  with  the  acid  resulting  fram  the  traiL*- 

forination  of  the  sugars.  The  fomifr 
have  been  called  eareolactales,  and  tk^ 
contain  one  e^jQivalent  of  wat^r  It-^ 
than  the  ordinary  lacUilt?^.  The  €»<: 
pounds  of  lactic  acid  in  the  urine  arc  in 
the  form  of  earcolactateg  (^" 

Creatine  ami  Ci-^ath* 
(C4H^'30.)  and  creatinine  (C,H 
are  probably  identical  in  their reuii'iiE 
to  the  general  process  of  diaassimibdi^ft, 
for  one  is  easily  converted  into  \!t^ 
other,  out  of  the  lx)dv,  bv  very  gimple 
chemical  meaiiiS ;  and  there  is  e? m  ita- 
son  to  guppose  that  in  the  orgiiiisii, 
they  are  the  prodacta  of  phyffcl*»»ri''*I 
wear  of  the  same  tissue  or  tissues  Tha^  gubstanoea  hafB  baen  found 
urine,  bh>od,  musculai'  tissue  and  brain.  Scherer  haa  demonEtrated  the  |>n^ 
enee  of  creatine  in  the  amniotic  fluid.  By  certain  chemical  manipulatioti^ 
both  creatine  and  creatinine  may  be  oonverted  into  urea.  V^erdeil  and  Mat- 
cet  have  found  both  creatine  and  crejitinine  in  the  blood;  and  tlieiie  ?ii(»- 
stance^  are  now  regarded  a^  excrementitious  matters,  taken  frurn  tbt-  tlv^uK- 
by  the  bloody  to  be  eliminated  by  the  kidneys. 

Creatine  has  a  bitter  ta^te,  is  quite  soluble  in  cold  wuier  fKie  p  i 
enty-five),  and  is  much  more  soluble  in  hot  water,  from  which  it  hi.. 
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a  crygtalline  form  on  cooling.  It  is  slightly  soluble  in  alcohol  and  is  ini*>b* 
ble  in  ether.  A  watery  solution  of  creatine  is  neutral.  It  does  not  readilT 
form  combinations  as  a  base;  but  it  has  lately  heen  made  to  form  crr^talltiK 
compounds  with  some  of  the  strong  mineral  acids,  nitric,  hydrocbliiric  aad 
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galphiiric.  Wheu  boiled  for  u  long  time  with  barium  hydrate,  it  is  changeil 
into  urea  and  sarcosUie*  When  boiled  with  the  strong  acids,  creatine  loses 
an  sitorn  of  water  and  is  non verted  into  rreatiuine.  This  change  takes  place 
very  readily  in  deeompoHing  urine,  whirh  n'ontiiins  neither  urea  nor  creatine, 
but  a  large  quantity  of  creatinine,  when  far  advanced  in  putrefaction. 

Creatinine  \s  more  sohtble  than  creatine,  and  its  watery  solution  has  a 
strongly  alkaline  reaction.     It  is  dissolved  by  eleven  jiarts  of  cold  water  and 
lie  even  more  gnluhle  in  Ixiiliug  water.     It  is  slightly  solnhle  in  ether  and  h 
^dissidved  by  one  hundred  parts  of  aleuhol.    This  subtitance  is  one  of  the  mout 
jKiwerful  of  the  organic  biises,  readily  forming  crvi^tJilliDe  combinations  witli 
a  number  of  acids.     According  to  Thiidichum,  creatine  is  the  original  excre- 
ment itious  substaTice  produced  in  the  muscular  substance,  and  creatinine  is 
formed  in  the  blood  by  a  transformation  of  a  pcjrtion  of  the  creatine,  some- 
where between  the  muscles  and  the  kidneys;  *' for,  in  the  muscle,  creatine 
hag  by  far  the  preponderance  over  creatinine ;  in  the  urine,  creatiniue  over 
creatine,"    The  fact  that  creatine  has  l>een  found  in  the  brain  would  leiid  to 
the  supposition  that  it  is  also  one  of  the  products  of  diBassimilation  of  the 
^  nervous  tissue. 

The  average  daily  excretion  of  creatine  and  creatinine  was  estimated  by 
Thudicbum  at  about  l\-ii  grains  (0*745  gramme).  Of  this  he  estitnated  that 
4*5  grains  (rj'21>2  gramme)  consisted  of  creatine,  and  7  grains  (Q"453  gramme) 
of  creatinine. 

Calcium  Oxalate. — Calcium  oxalate  (oxalic  acid,  t^ILO^)  is  not  constantly 
present  in  normal  human  urine,  allhough  it  may  exist  in  certain  quantity 
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without  indicating  any  pathological  condition.  It  is  exceedingly  iusolnble, 
and  the  appearance  of  its  crystals,  which  are  commonly  in  the  form  of  small, 
regular  ocjtahedra,  is  qnite  characteristic.  According  to  Neubauer,  a  small 
quantity  may  be  retained  in  solution  by  the  acid  sodium  phosphate  in  the 
urine.     Calcium  oxalate  may  tind  it^  way  out  of  the  system  by  tlie  kidneys^ 
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after  it  hae  been  taken  with  vegetable  food  or  with  certain  mediciJiil  sali- 
stances.  The  ortlinary  rhubarb,  or  pie-plant,  contains  a  large  qnantitr  of  at- 
cium  oxalate,  which,  when  this  article  is  taken,  will  paas  into  the  urtne.  It 
is  probable,  however,  that  a  certain  quantity  niay  be  formed  in  the  ar^gaokiiL 

Inasmueh  as  pathological  facts  have  shown  pretty  oonclasiTely  that  oialk 
acid  may  ap]x*ar  in  the  system  without  having  been  introduced  with  the  fm*!, 
some  phyi^iologists  have  endeavored  to  show  how  it  may  uriginate  fnum  i 
change  in  certain  other  substances  from  which  it  can  lie  produci^  arbi- 
cially  out  of  the  body.  One  of  the  substances  from  which  oxalic  arid  can  bp 
thus  formed  is  uric  acid.  Woehler  and  Frerichs  injected  inU»  the  juf^br 
vein  of  a  dog  a  solution  containing  about  twenty-tliree  grains  (1-5  gnntziie) 
of  ammonium  urate.  In  the  urine  taken  a  short  time  after^  there  mas  m 
deposit  of  uric  acid,  but  there  appeared  a  large  number  of  crystals  of  caldmn 
oxidate.  The  same  result  folio we^l  in  the  human  subject*  on  the  adcaiUB- 
tration  of  sixty-seven  grains  (4*34  grammes)  of  ammonium  urate  liy  tlir 
mouth*  These  questions  have  more  pathological  tluin  phmoiogicat  iinpiif- 
tance;  for  the  quantity  of  calcium  oxalate  in  the  normal  urine  is  in*t^- 
niticant,  and  this  salt  dues  not  seem  to  be  connected  with  any  of  the  wtil 
kno\m  processes  of  disassimilution. 

A'ftnflitnt\  Htjimxnnthine^  Limine,  Ttfrtf^ute  nnd  lattrute, — Tmc^^  **{ 
xanthine  (1^114X40^)  have  been  found  in  the  normal  human  unite,  but  it?  ]  n^* 
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portion  has  not  been  estimate^l,  and  observers  are  as  yet  but  ir 
acquainted  with  it^  physiological  relations.  It  has  been  found  itt 
spleen,  thymus,  pancreas,  muscles  and  brain.  It  is  insoluble  in  water  bat  w 
soluble  in  lx)th  acid  and  alkaline  fluids.  Hvpoxanthine  (CSII4X1O)  has  neiff 
been  found  in  normal  urine,  although  it  exists  in  the  muscles,  liver,  spleea«nd 
thynms.  Leucine  (('nHtaNOj)  exists  in  the  pancreas,  8ali%"ary  glanda,  thynad, 
thymus,  suprarenal  capsules,  lymphatic  glands^  liver,  lungs,  kidne^is  and  tl»e 
gmy  substance  of  the  brain.  It  has  never  been  detected  in  the  normal  nrtoe^ 
The  same  remarks  apply  to  tyrosine  (C^IInNOs),  although  it  is  not  soextea* 
sively  distributed  in  the  economy,  to  taurine  (CjHyNOjS)  and  to  cptias 
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(CjH^NSOj).  The  last  two,  however,  contain  sulphur,  and  they  may  have 
peculiar  physiological  and  pathological  relations  that  are  not  at  present  un- 
derstood. 

These  various  substances  are  mentioned,  although  some  of  them  have  not 
been  found  in  the  normal  urine,  for  the  reason  that  there  is  evidently  much 
to  be  learned  with  regard  to  the  various  products  of  disassimilation  as  they 
are  represented  by  the  composition  of  the  urine.  While  some  of  them  iliay 
not  be  actual  constituents  of  the  urine,  but  substances  produced  by  the  pro- 
cesses employed  for  their  extraction,  some,  which  have  thus  far  been  discov- 
ered only  under  pathological  conditions,  may  yet  be  found  in  health,  and 
they  represent,  perhaps,  important  physiological  processes. 

Fatty  Matters. — Fat  and  fatty  acids  are  said  to  exist  in  the  normal  urine 
in  certain  quantity.  Their  proportion,  however,  is  small,  and  the  mere  fact 
of  their  presence,  only,  is  of  physiological  interest. 

Inorganic  Constituents  of  the  Urine. — It  is  by  the  kidneys  that  the 
greatest  quantity  and  variety  of  inorganic  salts  are  discharged  from  the 
organism ;  and  it  is  probable  that  even  now  physiological  chemists  are  not 
acquainted  with  the  exact  proportion  and  condition  of  all  the  constituents 
of  this  class  found  in  the  urine.  In  all  the  processes  of  nutrition,  it  is 
found  that  the  inorganic  constituents  of  the  blood  and  tissues  accompany 
the  organic  matters  in  their  various  transformations,  although  they  are  them- 
selves unchanged.  Indeed,  the  condition  of  union  of  inorganic  with  organic 
matters  is  so  intimate,  that  they  can  not  be  completely  separated  without  in- 
cineration. In  view  of  these  facts,  it  is  evident  that  a  certain  proportion,  at 
least,  of  the  inorganic  salts  of  the  urine  is  derived  from  the  tissues,  of  which, 
in  combination  with  organic  matters,  they  have  formed  a  constituent  part. 
As  the  kidneys  frequently  eliminate  from  the  blood  foreign  matters  taken 
into  the  system,  and  are  capable  sometimes  of  throwing  off  an  excess  of  the 
normal  constituents,  which  may  be  in- 
troduced  into   the   circulation,  it  can  

readily  be  understood  how  a  large  pro- 
portion of  some  of  the  inorganic  con- 
stituents of  the  urine  may  be  derived 
from  the  food. 

CJilorides, — Almost  all  of  the  clilo- 
rine  in  the  urine  is  in  the  form  of  so- 
dium chloride,  the  quantity  of  potassi- 
um chloride  being  insignificant  and  not 
of  any  special  physiological  importance. 
By  reference  to  the  table  of  the  compo- 
sition of  the  urine,  it  is  seen  that  tlie 
proportion  of  sodium  chloride  is  subject 
to  very  great  variations,  the  range  being 
between  three  and  eight  parts  per  thou- 
sand. This  at  once  suggests  the  idea  that  the  quantity  excreted  is  dependent 
to  a  considerable  extent  upon  the  quantity  taken  in  with  the  food ;  and,  in- 


Fio.  \'SS.— Crystals  of  mdium  chloride  (Funke)- 
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deed,  it  has  been  shown  by  direct  observations  that  this  is  the  fact*  Thej 
I>ortion  of  sfxiium  chloride  in  the  blood  seems  to  bo  tolerably  cotistant;  and  ^ 
any  excess  that  may  be  introduced  is  thrown  off,  chiefly  by  the  kidneya  A« 
the  chlorides  are  deposited  with  the  organic  matters  in  all  the  acts  of  uutii 
tion,  they  are  found  to  be  eliminated  cfmstantiy  with  the  products  of  lii* 
assimilation  of  the  nitrogenized  parts,  and  their  absence  from  the  fooii  i 
not  completely  arrest  their  discharge  in  the  urine.  According  to  Robin,  bv 
suppressing  salt  in  the  food,  its  daily  excretion  may  be  reduced  to  hetwe«i 
thirty  and  forty-five  grains  (1*9  and  2-9  grammes).  This  quantity  i*  le* 
than  that  ordinarily  contained  in  the  ingesta,  and  under  these  conditirti* 
there  i^  a  gradual  diminution  in  the  general  nutritive  actinty.  In  nearlr  \ 
acute  febrile  disorders  the  chlorine  in  the  urine  rapidly  diminishes  audi 
frequently  reduced  to  one-hundredth  of  the  normal  proportion.  The  qu 
tity  rapidly  increases  to  the  normal  standard  during  convalci^ceTic^.  Hosi  ( 
the  chlorides  of  the  urine  are  in  simple  watery  solution;  but  a  certain  | 
portion  of  scxlium  chloride  exists  in  combination  with  urea. 

The  daily  elimination  of  sodium  chloride  is  about  one  hundred  and  fifty- 
four  grains  (1»J  grammes.)     The  great  variations  in  its  proportion  in 
urine,  under  different  conditions  of  alimentation,  etc.,  will  explain  the  difffl 
encei5  in  the  estimates  given  by  various  authorities. 

ASfflphate.^. — There  is  very  little  to  be  said  regarding  the  sulphatess 
addition  to  the  general  statements  already  made  concerning  the  inorgiD 
constituents  of  the  urine.  The  proportion  of  these  salts  in  the  urine  is  re 
much  greater  than  in  the  blood,  in  which  there  exist  only  about  O'HS  of  i 
part  per  thousand.  Inasmuch  as  the  proportion  in  the  urine  is  three 
seven  parts  per  thousand,  it  seemi*  probable  that  the  kidneys  eliminate  these 
salts  as  fiist  as  they  find  their  way  into  the  circulating  fluid  either  from  the 
food  or  from  the  tissues.  Like  other  constituents  derived  in  great  part  from 
the  food,  the  normal  variations  in  the  proportion  of  stdphates  in  the  imne 
are  very  great.  It  is  unnecessjiry  to  consider  in  detail  the  variations  in  i 
quantity  of  sulphates  discharged  in  the  urine,  depending  upon  the  ingi^tifl 
of  different  salt«  or  upon  diet„  for  all  recorded  observations  have  given  i 
same  rcstdts,  and  they  show  that  the  ingestion  of  sulphates  in  quantitt  i 
foHoweil  by  a  corresponding  increase  in  the  proportion  eliminated. 

Thudichum  estimated  the  daily  excretion  of  sulphuric  acid  at  ^3  to  Z^ 
grains  (1*5  to  2*5  gi-ammes).     Assuming  that  the  sulphates  consist  of  nh 
equal  parti?  of  potaasium  sulphate  and  sodium  sulphate  with  traces  of  calciui 
sulphate,  the  quantity  of  salts  would  be  22'b  to  375  grains  (l-4(>  to  'i'i^ 
grammes)   uf  potassium   sulphate,   with  an  equal  quantity  of  sodium 
phute. 

P/tosphafe.^.— The  urine  contains  phosphates  in  a  variety  of  forms ; 
inasmuch  as  it  is  not  known  that  any  one  of  the  different  combinations  ] 
eesses  peculiar  relations  to  the  processes  of  disassimilation,  as  distinguisl] 
from  the  other  phosphates,  the  phosphatic  salts  may  be  considere^i  togethe 

The  phosphates  exist  constantly  in  the  urine  and  are  derived  in  part  fr 
the  food  and  in  part  from  the  tissues*    Like  other  inorganic  matters,  they  are 
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united  with  the  iiitrogeiiizcd  coTLstitiieiiU  of  the  organisiu,  and  when  these 
are  changed  into  excTeinentitious  siibstunees  and  are  se|>urat<?d  from  tlie  blood 
by  the  kidneys,  they  pass  with  them  and  are  discharged  from  the  body. 

It  is  u  fjuestion  of  some  importaocc  to  consider  how  fur  the  phosphates 
are  derived  from  tlie  tissues  and  what  projjortion  comes  direclly  from  the 
fooil.  All  observers  agree  that  the  quantity  of  phosphates  in  the  urine  is  in 
dirtvt  rehition  to  tlie  prujiortion  in  the  food,  and  that  an  excess  of  phos- 
phates taken  into  the  stomach  is  immediately  thrown  oU  by  the  kidneys.  It 
is  a  familiar  fact,  indeeil,  that  the  phosphates  are  deficient  and  the  carbonates 
predominate  in  the  urine  of  the  herbivore,  while  the  reverse  obtains  in  the 
carnivoiu,  and  that  variations,  in  this  respect,  in  the  urine,  may  be  produced 
by  feeding  animals  with  ditterent  kinds  of  food.  Deprivation  of  f<XKi 
diminishes  the  quantity  of  phosphates  in  the  urine,  but  a  certain  proportion 
is  distdiarged,  which  is  derived  exclusively  from  the  tissues. 

In  connection  with  the  fact  that  phosphorus  exists  in  the  nervous  mat- 
ter, it  has  been  assumed  that  mental  exertion  is  always  attended  with  an  in- 
crease in  the  elimination  of  phosi>hates;  and  tlris  has  been  advanced  to  sup- 
port the  view  tliat  these  salts  arc  sfiecially  dcrivcti  from  disassimilation  of  the 
brain-substiinee,  Ex|>eriments  show  that  it  is  not  alone  the  phosphates  that 
are  increiised  in  quantity  by  mental  work,  but  urea,  the  chlorides,  sulphates 
and  inorgaine  matters  generally;  and  in  point  of  fact,  any  physiological 
conditions  which  increase  the  proportion  of  nitrogenizcd  excrementitious 
matters  increase  as  well  the  elimination  of  inorganic  stilts.  It  can  not  be 
assumed,  therefore,  that  the  discharge  of  pliospbates  is  s]iecially  connected 
with  the  activity  of  the  lirain.  Little  has  been  learned  uinm  this  point  from 
pathology,  for  although  matiy  observations  have  been  made  upon  the  excre- 
tion of  phosphoric  acid  in  disease — Vogel  having  made  atwut  one  thou- 
sand ditferent  analyses  in  various  affections — ^no  definite  results  have  been 
obtiijued.  From  these  facts  it  is  seen  that  tliere  is  no  physiological  reasoti 
why  the  elimination  of  the  phosjdiates  should  t>e  specially  connected  with 
the  disassimilation  of  any  jjartieular  tissue  or  organ,  esiiccially  ns  these  salts 
in  some  form  are  universidly  distiibuted  in  the  organism. 

Observations  liave  been  nimle  upon  the  hourly  variations  in  the  discharge 
of  phosphoric  acid  at  different  times  of  the  day ;  but  these  do  not  appear  to 
hear  any  definite  relation  to  known  physiological  conditions,  not  even  to  the 
process  of  digestion. 

Of  the  different  phosphatic  salts  of  the  urine,  the  most  important  are 
those  in  which  the  acid  is  combined  with  sodium.  These  exist  in  the  form 
of  the  neutnU  and  acid  phospiiates.  The  acid  salt  is  supposeil  to  bo  the 
source  of  the  acidity  of  the  urine  at  the  moment  of  its  emission.  The  so- 
called  neutral  salt  is  slightly  alkaline.  The  proportion  of  the  sodium  phos- 
phates in  the  urine  is  larger  than  that  of  any  of  the  other  phospbutic  salts, 
but  the  daily  quantity  ex<'rete<l  has  not  been  estimated.  According  to  Eobia, 
there  always  exists  in  the  urine  a  small  quantity  of  the  ammonio-magnosian 
phosphate,  but  it  never,  in  health,  exists  in  sufficient  quantity  to  form  a  crys- 
talline deposit    The  daily  excretion  of  the  phosphates  is  subject  to  great 
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variations^  but  the  average  quantity  of  phosphoric  acid  excreted  ilaDy  out 
be  e^timate<i  at  about  tifty-eix  grains  (3-»j3i9  grammes). 

The  urine  contains^  in  addition  to  the  inorganic  salta  ifaat  tmve  hetn 
mentioned^  a  gnmll  quantity  of  silicic  acid ;  but  as  far  as  is  known,  this  h^t 
no  physiotogieal  importance. 

Coloring  Matter  and  Mucus. — The  peculiar  color  of  the  urine  is  doe  tft 
the  presence  of  a  nitrogenized  gubstanee  called  uroehronie.  This  i&  aho  ctDad 
urohsematine,  uroianthine  and  purpuriue.  There  is  no  accurate  msoamsA  ot 
its  composition,  and  all  that  is  known  is  that  it  contains  carboa,  oxy^n, 
hydrogen  and  nitrogen,  and  probably  ii*on.  Although  its  exact  chemkal 
composition  is  not  absolutely  determined,  its  elements  are  supposed  to  \k 
nearly  the  same  as  those  of  the  coloring  matter  of  the  bloody  the  proporti«m 
of  oxygen  being  much  greater.  These  facts  point  to  the  probubtlity  of  tlw 
formation  of  urochrome  from  h^nmglobine. 

The  quantity  of  coloring  matter  in  the  normal  urine  is  very  smalL  It  ii 
subject  to  considerable  variation  in  disease,  and  almost  always  it  is  fixed  by 
deposits  and  calculi  of  uric  acid  or  the  urates,  giving  them  their  peeuIiAr 
color.  This  substance  first  makes  its  appearance  in  the  urine  and  ie  ppolmblf 
formed  in  the  kidneys.  So  little  is  known  of  its  physiological  or  fiaihol<igi- 
cal  relations  to  the  organism^  that  it  does  not  seem  Dec^ssary  to  follow  %ml 
all  of  the  chemical  details  of  its  behavior  in  the  presence  of  different 
agents. 

The  normal  urine  always  contains  a  small  quantity  of  mucna,  with  i 
or  less  epithelium  from  the  urinary  passages  and  a  few  leucocytes.  The 
form  a  faint  cloud  in  the  lower  strata  of  healthy  urine  after  a  few  ho 
repose.  The  properties  of  the  different  kinds  of  mucus  have  already  bem 
considered.  An  important  |>eculiarity,  however,  of  the  mucus  contained  tn 
normal  urine  is  that  it  does  not  seem  to  excite  decomposition  of  the  urw, 
and  that  the  urine  may  remain  for  a  long  time  in  the  bladder  without  under- 
going putrefactive  changes. 

Gases  of  the  Urins. — In  the  process  of  separation  of  ihe  urine  from  i 
blood  by  the  kidneys,  a  certain  projxirtion  of  the  gases  in  solution  in 
circulating  fluid  is  also  removed-     For  a  long  time,  indeed,  it  has  been  knoi 
that  the  normal  human  urine  contained  different  gases ;  but  observations  { 
this  subject  have  been  mikle  by  Morin  (18<34),  in  which  the  proportions* 
tlie  free  gases  in  solution  have  been  accunitely  estimated.     By  using 
method  employed  by  Magnus  in  estimating  the  gases  of  the  bloody  Mori 
was  able  to  extract  about  two  and  a  half  volumes  of  gas  from  a  hund 
parts  of  urine.     He  asoertiiined,  however,  that  a  certain  quantity  of 
remained  in  the  urine  and  could  not  be  extracted  by  the  ordinar}'  prooesi. 
This  was  about  one-fifth  of  the  whole  volume  of  gas.     Adding  this 
quantity  of  gas  extracted,  he  obtained  the  following  projjortions  to  on 
of  urine,  in  cubic  centimetres  (one  part  per  thousand  in  volume) : 

Oxyjeren * O^SI 

Nitrogen MB^ 

Carbon  dioxide ...♦ IMiO 
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These  pro|>ortions  represent  tlie  average  of  fifteen  observations  upon  the 
urine  secreted  during  the  night 

The  proportion  of  these  gases  was  found  by  Morin  to  be  subject  to  certain 
variations.  For  example,  after  the  ingestion  of  a  considerable  cjuantity  of 
water  or  any  other  litjuid,  the  proi>ortion  of  oxygen  was  considerably  inL'reasc»d 
(from  U'821  to  1-U24)wind  the  carbon  dioxide  was  diminished  more  than  one- 
half.  The  must  imporUmt  variations,  however,  were  in  connection  with 
muscular  exercise.  After  widking  a  long  distance,  the  exercise  being  taken 
b<jth  before  and  after  eating,  the  f^nantity  of  carbon  dioxide  was  found  to  be 
double  that  contained  in  the  urine  after  reiM)se.  The  pro|iortion  of  oxygen 
was  very  slightly  dinnnisbed,  and  the  tiitrogcn  was  somewhat  inereaiied;  but 
the  variations  of  these  gases  were  insignifictint. 

It  is  not  pn>bable  that  the  kiflneys  are  very  important  as  eliminators  of 
carbon  dioxide,  hut  it  is  certain  that  the  presence  of  this  gas  in  tlie  urine 
assists  in  the  soJution  of  some  of  the  saliue  constituents  of  tills  fluid,  notably 
the  phosphates. 

IVnftr  retjardpfl  rt.^  a  Prntlud  of  Exrrdion. — It  has  been  shown  by  indi- 
rect observations  that  a  large  proportion  of  the  hydrogen  introduced  as  an 
iijgredient  of  food,  about  eighty-five  per  cent.,  is  not  accounted  for  by  the 
hydrogen  of  the  excreta*  Direct  observations  have  shown,  also,  that  under 
certain  conditions,  an  excess  of  water  o\'er  that  introduced  with  food  and 
drink  is  discharged  from  the  body.  One  of  these  conditions  is  abstinence 
from  food  (Flint,  1878).  The  elimination  of  water  is  very  much  increased 
by  mus<ndar  work  (Petteukofer  and  Voit,  18t;8 ;  Flint,  187tV).  These  facts 
point  to  the  actual  production  of  water  in  the  body  by  a  union  of  oxygen 
with  hydrogen. 

While  it  is  not  certain  that  water  is  constantly  produced  in  the  body, 
there  can  be  no  doubt  witli  regard  to  its  formatiun  umler  some  conditions, 
and  the  oxidation  of  hydrogen  is  important  as  one  of  the  ftictors  in  the  pro- 
duction of  animal  heat.  If  a  certain  proportion  of  the  water  discharged  by 
the  lungs,  skin  and  kidneys  be  regarded  as  a  product  of  oxidation  within  the 
body,  the  relations  which  it  bears  to  nutrition  are  probably  the  same  as  those 
of  some  of  the  excretions,  especially  carbon  dioxide,  and  are  subject  to  nearly 
the  siime  laws.  It  has  not  been  shown,  however,  that  water  is  produced 
.©onstanthv  like  those  substances  universally  regard etl  as  true  excretions;  and 
it  gives  rise  to  no  direct  toxic  phenomena  when  retained  in  the  system  or 
when  its  production  is  tliminisbed  pathologically.  Water  also  ha^  important 
physiological  uses,  particularly  as  a  solvent.  Still,  carbon  dioxide,  with 
which  water  may  be  compared  as  regards  its  mode  of  production,  is  not  in 
itself  poisonous,  its  retention  in  the  blood  simply  interfering  with  ttie  absorp- 
tion of  oxygen  ;  and  carbon  tlioxide  probably  is  usefid  in  increasing  the  solvent 
properties  of  the  liquids  of  tlie  orgaTiism.  The  relations  of  the  formation  of 
water  in  tlie  body  to  the  production  of  animal  heat  will  lie  fully  considered 
in  connection  with  the  physiology  of  nntrition  and  caloriticatifju. 

Vitriations  in  fhe  Cornpasifion  of  the  Urine,^^The  urine  not  only  repre- 
sents, in  its  varied  constituents,  a  great  part  of  the  physiological  disintegra- 
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tion  of  the  organism,  but  it  contains  matters  evidently  derired  from  ih 
food,  It,s  constitution  is  varying  with  e\evY  different  condition  of  nutrr 
with  exercise,  hoiiily  and  mental,  with  sleep,  uge^  sex,  diet,  re^jur.. 
activity,  the  quantity  of  cutiineous  exhalation,  and,  indeed,  witJi  every  cim- 
dttion  that  affects  any  part  of  the  system.  There  L^  no  fluid  iu  the  bodt 
that  presents  such  a  variety  of  constituents  as  a  constant  condition,  btit  tn 
which  the  proportion  of  these  constituents  is  so  variable.  It  is  for  tbu 
reason  that  in  the  table  of  the  composition  of  the  iirinen,  the  ordinary  limite 
of  variation  of  it5  different  conjstituents  have  been  given ;  and  it  has  bei'n 
found  necessary,  in  treating  of  the  individual  exerementitious  pruducl&trt 
refer  to  some  of  the  variations  in  their  proportion  in  the  urine. 

Variations  with  Age  and  Sex. — There  are  decided  differences  in  the 
composition  of  the  urine  at  different  periods  of  life  and  in  the  sexes,  Tho* 
undoubtedly  depend  in  part  upon  the  diffei"ent  conditions  of  nutrition  and 
exercise  and  in  part  upon  differences  in  the  food.  Although  the  quantities 
of  exerementitious  matters  present  great  variations,  their  relations  to  the 
organism  are  not  materially  luoditied,  except,  perhaps,  at  an  early  age;  ami 
the  influence  of  sex  and  age  operates  merely  as  these  conditioiiB  affect  the 
diet  and  the  general  habits  of  life. 

It  hjis  been  stati>d  that  urea  does  not  exist  in  the  urine  of  the  fcetua:  bat 
in  a  specimen  of  urine  taken  from  a  still-bora  child  delivered  vsith  f- 
examined  by  Elliot  and  Isjiacs,  the  presence  of  urea  was  determined, 
found  urea  in  a  specimen  taken  ait  the  seventh  month.     Observation-  :i    i 
children  between  the  ages  uf  three  and  seven  have  shown  that  at  this  \ 
of  life,  the  urea  excreted  in  proportion  to  the  weight  of  the  body  u  ^ 
double  the  quantity  excreted  in  the  adult.     The  chlorine  in  the  urine  of  chil-     || 
dren  is  alxnit  three  times  the  quantity  in  the  adult;  and  the  quant i^i 
other  solid  matters  are  also  greater.     The  quantity  of  water  excreted   '^\ 
kidneys  in  children,  in  proportion  to  the  weight  of  the  body,  is  very  mach     ] 
greater  than  in  the  adult,  being  more  than  double.    Between  the  ages  of      ' ' 
and  eighteen  years,  the  urinary  excretion  gi^adually  approximates  tJie  - 
ard  in  the  adult     It  has  been  observed  that  crystals  of  ciilcium  oxalr 
much  more  frequent  in  the  urine  of  children  between  four  and  fouii^-  - 
years  of  age  than  in  the  adult.  . 

There  are  not  many  definite  observations  on  record  upon  the  compodtio^^H 
of  the  urine  in  the  later  periods  of  life.     It  has  been  shown,  however,  tliil^ 
there  is  a  decided  diminution,  at  this  time,  in  the  excretion  of  urea,  and  that 
the  absolute  quantity  of  urine  is  somewhat  less. 

The  absolute  quantity  of  the  urinary  excretion  in  women  is  less  than  in 
men,  and  the  siime  is  true  of  the  quantity  in  proportion  to  the  weight  of  the 
liody ;  still,  the  differences  are  not  very  marked,  and  the  proportion  of  the 
urinary  constituents  being  subject  to  modifications  from  the  same  causes  m 
in  men,  the  soiall  deliciency,  in  the  few  direct  oljservations  on  reeord, 
be  in  part  if  not  entirely  explained  by  the  fact  that  women  usually  perfoi 
less  mental  and  physical  work  than  men,  and  that  their  digestive  system 
generally  not  so  active. 
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Varmtiotis  at  Different  Seasons  and  at  Diffei'ent  Pf.rmU  of  the  Day, — 
The  changes  in  the  qnantity  and  composition  of  the  nnue  which  may  be 
directly  referred  to  the  nonditions  of  digestion,  temperature,  sleep,  exereitse 
etc.,  have  long  been  reeognize<l  by  physiologists;  but  it  is  difficult  so  to  sepm^ 
rate  these  influences  tliat  tlie  true  modifving  value  of  eaeh  can  be  fully 
appreciatxHi.  For  example,  there  m  nothing  which  produces  such  marked 
variations  in  the  conipO!=iition  of  the  urine  ioi  the  digestion  of  food.  Under 
Btrictly  physiological  f^onditions,  the  motlifying  influence  of  digestion  must 
always  complicate  observations  upon  the  etfects  of  exercise,  sleep,  season, 
perioil  of  the  day  etc. ;  and  the  urine  is  continually  varying  in  health,  with 
the  phvsiologiea!  muditications  in  the  variiHis  processes  and  conditions  of 
life. 

At  different  seasons  of  the  year  and  in  different  climates,  the  urine  pre- 
sents certain  variations  in  its  (|H}intity  and  corapositioiL  It  seems  necessary 
that  a  tolerably  definite  quantity  of  water  should  be  discharged  from  the 
body  at  all  time.s;  and  when  tlie  temperature  or  the  hygrometric  condition  of 
the  atmos])hcre  is  favorable  to  the  action  or  tlie  skin,  iis  in  a  warm,  dry  cli- 
mate, the  quantity  of  water  in  the  urine  is  diminished  and  its  proportion  of 
solid  matters  is  correspondingly  increased.  On  the  other  hand,  the  reverse 
obtains  when  the  action  of  the  skin  is  diminished  from  any  cause. 

At  different  times  of  the  day,  the  urine  presents  certain  important  varia- 
tions. It  is  evident  that  the  specific  gravity  must  be  eonstuntly  varying 
^th  the  relative  proportions  of  wat<?r  and  of  solid  constituents.  According 
to  Dalton,  the  urine  first  discharged  in  the  morning  is  dense  and  highly 
colored  ;  that  passed  during  the  forenoon  is  pale  and  of  a  low  specific  gravity; 
and  in  the  aft^trnoon  and  evening  it  is  again  deeply  colored,  and  its  specific 
gravity  \^  increased.  The  acidity  is  also  subject  to  certain  valuations,  which 
have  already  been  mentioned. 

Influence  of  Mental  Exertion, — Although  the  influence  of  mental  exer- 
tion npon  the  composition  of  the  urine  has  not  been  very  closely  studied,  the 
results  of  the  investigations  which  have  been  made  ujion  this  subject  are  in 
many  regards  quite  satisfactory.  It  is  a  matter  of  common  remark  that  the 
secretion  of  urine  is  often  modified  to  a  considerable  extent  through  the 
nervous  system.  Fear,  anger,  and  various  violent  emotions,  sometimes  pro- 
duce a  sudden  and  cop-ous  secretion  of  urine  con  tinning  a  large  proportion  of 
water,  and  this  is  often  observed  in  cases  of  hysteria.  Intense  mental  exer- 
tion will  occasionally  produce  the  same  result.  In  studying  the  intiuence 
of  cerebral  activity  upoTi  tlie  composition  of  the  urine,  Byassou  found  that 
by  mental  exertion  the  quantity  of  urine  was  increased ;  the  urea  was  also 
increased ;  the  phosphoric  acid  was  increased  about  one-third ;  the  sulphuric 
acid  was  more  than  doubled  ;  and  the  chlorine  was  nearly  doubled. 


The  products  of  spontaneous  decomposition  of  the  urine  have  a  certain 
chemic^  interest  but  are  of  no  physiological  importance. 
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Physiological  Anatomy  of  the  Liter. 

The  liver  has  seveml  us^s  in  the  economy,  which  are  more  or  lees  di 
tiiict  from  c»ach  other.  It  secretes  bile,  a  fluid  concerned  in  digt^tiou  an 
containing  at  least  one  exerementitions  product.  Another  office  ib  the  i^ 
niatiou  of  glycogen,  in  which  it  acta  as  a  dnctless  gland. 

It  is  uimecessarj,  in  this  connection,  to  dwell  upon  the  ordinary  dearrip- 
tive  anatomy  of  the  liver*     It  is  snflieient  to  state  that  it  is  situated  |ngt  U*- 
low  the  diapliragrn,  in  the  right  h}^ochontlriac  region,  and  is  the  large 
gland  in  tlie  bmly,  weighing,  when  moderately  filled  with  bloody  about  fod 
and  a  half  pounds  (2  kilos.).     Its  weight  is  somewhat  variable,  but  in  a  per* 
son  of  ordinary  adipose  development,  its  proportion  to  the  weight  of  tin  * 
is  about  as  one  to  thirty-two.     In  early  life  the  liver  is  relatively  lar- 
proportion  to  the  weight  of  the  body,  in  the  new-born  child,  being  as  one ! 
eighteen  or  twenty  (fSapjxn^). 

The  liver  is  coveretl  externally  by  peritoneiim,  folds  or  dnplieatures 
this  membrane  being  formetl  as  it  passes  from  the  surface  of  the  liver  to  the 
adjacent  parts.     Those  constitute  four  of  the  so-called  ligaments  that  holJ 
the  liver  in  place.     The  proper  coat  is  a  thin  but  dense  and  resisting  fibrooi 
membrane,  adlierent  to  the  substance  of  the  organ,  but  detachetl  withoa 
much  difficulty^  and  very  closely  united  to  the  peritoneum.     This  menibr 
is  of  variable  thickness  at  different  parts  of  the  liver,  being  especially 
in  the  groove  for  the  vena  cava.     At  the  transverse  fissure,  it  surrounds 
dnct,  blood-vessels  and  nerves,  and  it  penetrates  the  substance  of  the  org. 
in  the  form  of  a  vagina,  or  sheath,  investing  the  vessels,  and  branching  will 
them.     This  membmne,  Jis  it  nmiifies  in  the  substance  of  the  liver,  is  cnUH 
the  capsule  of  Gltsson,     It  will  be  more  fully  described  in  connection  wil 
the  arrangement  and  distribution  of  the  hepatic  vessels. 

The  substance  of  the  liver  is  made  up  of  lobules,  of  an  irreguUiriy  ovun 
or  rounded  form,  and  about  -^  of  an  inch  {1  mm.)  in  tliameter.     The 
which  separates  these  lobules  is  about  one-quarter  of  the  diameter  of 
lobule  and  is  occupied  by  the  blood-vessels,  nerves  and  ramifications  of 
hepatic  duct     In  certain  animals,  the  pig  and  the  polar  bear,  the  division  ( 
the  hepatic  substance  can  be  readily  made  out  with  the  naked  eye ;  but 
man  and  in  most  of  the  mammaiia,  the  lobules  are  not  so  distinct,  althoo 
their  arrangement  is  essentially  the  same.     The  lobules  are  intimately 
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nected  with  each  other,  and  bmnches  going  to  a  number  of  different  lobules 
are  given  off  from  the  same  interlobular  vessels ;  but  they  are  sufficiently 
distinct  to  represent,  each  one,  the  general  anatomy  of  the  secreting  portion 
of  the  liver. 

At  the  transverse  fissure,  the  ]Tortal  vein,  collecting  the  blood  from  the 
abdoniiual  organs,  and  the  hepatic  artery,  which  is  a  branch  of  the  coeliac 
axis,  penetrate  the  substance  of  the  liver,  with  the  hepatic  duct,  nerves  and 
lymphatics,  all  enveloped  in  tlie  fibrous  vagina,  or  sheath,  known  a^  the  cap- 
sule of  Glirison,  The  portal  vein  is  by  far  the  larger  of  the  two  blood-vessels, 
and  its  caliber  may  be  roughly  estimated  as  eight  to  ten  times  that  of  the 
artery. 

The  vagina,  or  capsule  of  Glissou,  is  composed  of  fibrous  tissue  in  the 
form  of  a  dense  membrane,  closely  adherent  to  tJie  adjacent  structure  of  the 
liver,  and  enveloping  the  vessels  and  nerves,  to  which  it  is  attached  by  a  hxise, 
areolar  tissue.  Tlie  attaclimt-at  of  the  hluod- vessels  to  the  shf^ath  is  so  loose 
that  the  branches?  of  tlie  portal  vein  are  collapsed  when  not  filled  with  blood ; 
presenting  a  striking  contrast  to  the  hepatic  veins,  which  are  closely  adher- 
ent to  the  substance  of  the  liver  and  remain  open  when  they  are  cut  across. 
This  sht-atli  is  prolonged  over  the  vessels  as  they  branch  and  it  follows  them 
in  their  subflivisions.  It  varies  considerably  in  thickness  In  different  animals. 
In  man  and  in  the  mammalia  g^enerally,  it  is  rather  thin,  becoming  more  and 
more  delicate  as  the  vessels  subdivide,  und  it  is  entirely  lost  before  the  ves- 
sels are  distributed  between  tlie  lobules. 

The  vessels  distributed  in  the  liver  are  the  following : 

The  portal  vein,  the  hepatic  artery  and  the  hepatic  dsict,  passing  in  at 
the  transverse  fissure,  t^i  he  distributed  in  the  loiuiles.  The  lilood- vessels 
are  continuous  in  the  lobules  with  the  radicles  of  the  hepatic  veins.  The 
duct  is  to  be  followed  to  its  branches  of  origin  in  the  lobules. 

The  hepatic  veins;  vessels  that  originate  in  ihe  lohules,  and  collect  the 
blood  distributed  in  their  substance  by  branches  of  tlie  portal  vein  and  of  the 
hepatic  artery. 

Branches  of  the  PorinJ  Vfin^  the  Hepatia  Arfprtf  and  the  Hcpattr  Dnet. 
— These  vessels  follow  out  the  branches  of  tlie  capsule  of  (rlisson,  become 
smaller  and  smaller,  and  they  finally  pass  directly  between  the  lobules.  In 
their  course,  however,  they  send  off  lateral  branches  to  the  sheath,  forming 
the  so-called  vaginal  plexus.  The  arrangement  of  the  vessels  in  the  sheath  is 
not  in  the  form  of  a  true  anastomosing  pk'xus,  although  branches  pass  from 
this  so-called  vaginal  plexus  between  the  lobules.  These  vessels  *lo  not  anas- 
tomose or  communicate  with  each  other  in  the  sheath. 

Tlie  portal  vein  does  not  i>reseut  any  important  peculiarity  in  its  course 
from  the  transverse  fissure  to  the  interIol)uIar  spaces*  It  subdivides,  enclosed 
in  it^  sheath,  until  its  small  branches  go  directly  between  t!ie  lobules,  and  in 
itB  course,  it  sends  branches  to  the  slieatb  (vaginal  vessels),  which  afterward 
go  between  the  lobules.  The  hepatic  artery  has  three  sets  of  bninches.  As 
soon  as  it  enters  the  sheath  with  the  other  vessels,  it  sends  off  minute 
branches  (vasa  vasorum),  to  the   walls  of  the  portal   vein,  to  the  lai^ger 
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branches  of  tlie  artery  iteelf,  to  the  walls  of  the  hepatic  Teins,  an<l  a  Terr  rM  I 
net- work  of  brancheti  to  the  hepatic  duct.     In  its  couree,  the  hepatic  irterr  1 

also  seuds  hmochtf  | 
to  the   oapKnk  «f  I 
'       -^m      (capillar 
Li^.ichcs),    irhick 
with    branches  uf 
the      portal     ^ntu 
go  to  fomj  Ihc  Mk- 
called  vaginal  jik'i 
lis.   Fn»mthesi*\f 
sels,  a  few 
branches  are  git 
off,  which  pass 
tween    the  lobnla 
The  hepatic  artenr 
can  not  be  foHoi 
beyond    the  inti 
lobular  vessels, 
terminal    bnincli 
of  the  hepatic  artery  are  not  directly  connected  with  the  radicles  of 
hepatic  veins,  but  they  empty  into  small  branches  of  the  portal  vein  with 
the  capsule  of  Glisson, 

Inftrlobnlar  Vegseh. — Branches  of  the  portal  vein,  coming  from  the  1 
minal  ramifications  of  the  vci^sel  within  the  capsule  and  from  th*' 
in  the  walls  of  the  capsule,  are  disti'ibuted  between  the  lobnleis  c< ' 
the  greatest  part  of  the  so-called  interlobular  plexus.     The^e  an?  mt 
between  the  lobules  and  surmuud  them;  each  vessel,  however,  givi^/    • 
branches  to  two  or  three  lobules,  and  never  to  one  alone.     They  •! 
anastomose,  and  conseqiiently  they  are  not  in  the  form  of  a  true  plexn&    1  be 
diameter  of  these  interlobular  vessels  varies  between  y^  and  yfj  of  an  in 
(17  and  34  /a).    In  this  distribution,  the  blood-^^essels  are  followed  by  branch 
of  the  duct,  which  are  much  fewer  and  smaller,  measuring  only  f -jVr  ^^  *** 
inch  (lO/i),  and  8<jme,  even,  have  been  measured  that  are  not  more  th 
3^^  of  an  inch  (8  /t)  in  diameter. 

LohuUtr  Vi*KHth. — From  the  interlobular  veins,  eiglit  or  ten  branches  i 
given  off  which  penetrate  the  lobule.  As  the  interlobular  vessels  are  sitiiat* 
between  different  lobules,  each  one  sentls  branches  into  two  and  sometii] 
three  of  these  lobules;  m  that,  as  far  tis  vascular  supply  is  ooncenied,  the 
divisions  of  the  liver  are  never  absolutely  distinct- 
After  passing  from  the  interlobular  plexus  into  the  lobules,  the  veeseli 
immediately  break  up  into  an  elongated  net-work  of  capillaries,  y^W  ^  rht 
of  an  inch  (8  to  11  ft)  in  diameter,  which  occupy  the  lobules  with  a  troe 
plexus.  These  vessels  are  very  abundant.  The  blood,  having  been  distrilj 
nted  in  the  lobules  by  this  lobular  plexus,  is  collected  by  three  or  four  veno 
radicles  into  a  single  central  vessel  situated  in  the  long  axis  of  the  lobule. 
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called  the  intralobular  vein.     A  single  lobule,  surrounded  by  an  interlobular 
?e8sel,  showing  thu  lubiilar  capillary  plexus,  and  the  central  vein  (the  intra- 
lobular vein)  cut  across, 
is  represented  in  Fig.  j,.  ^   ,i 

13L  '  '  ^ 

Intrahbnlar  Veins.  / 

—The  capillaries  of 
the  lobules  converge 
into  three  or  four  ve- 
nous radicles  (2, 2,  2,  2^ 
in  Fig,  131),  which 
empty  into  a  central 
vessel.  This  is  the  in- 
tralobular vein.  If  H 
liver  be  carefully  in- 
jected from  the  he- 
patic veins,  and  if  sec- 
tions be  maile  in  vari- 
ous di  recti  on  8-^  it  will 
be  seen  that  tlie  intra- 
lobular veins  follow  the 
long  axis  of  the  lolndes,  receiving  vessels^  iu  their  course,  until  they  empty 
into  a  larger  vessel  situated  at  what  may  be  called  the  base  of  the  lobules. 
These  latter  are  the  sublobular  veins.  They  collect  the  blood  in  the  manner 
just  described,  from  all  piirts  of  the  liver,  unite  with  others,  becoming  larger 
and  larger,  until  tiiudly  they  form  the  tliree  hejiatic  veins,  which  dischiwge 
the  blood  from  the  liver  into  the  vena  cava  ascendens. 

The  hepatic  veins  ditfei-  somewhat  in  their  structure  from  other  portions 
of  the  vencjus  system.  Tlieir  walls  are  thinner  than  tlio^jc  of  the  portal  veins, 
they  are  not  enclosed  in  a  sheath,  and  they  ai-e  very  closely  adhej-ent  to  the 
hepatic  tissue  It  has^  alsfi  been  noted  that  the  hepatic  veins  possess  a  well 
marked  muscular  tunic,  very  thin  in  man,  but  well  developed  in  the  i>ig,  the 
ox  and  the  burse,  and  composed  of  non-striated  muscular  fibres  interlacing 
with  each  other  in  every  direction. 

In  addition  to  the  blood-vessels  just  described,  the  liver  receives  venous 
blood  from  vessels  which  hitve  been  called  accessory  portal  veins,  coming 
from  the  gastro-hepatic  omentum,  the  surface  of  the  gall-bladder,  t!ie  dia- 
phragm  and  from  the  anterior  abdominal  walls.  These  vessels  penetrate  at 
different  pointj^  on  the  surface  of  the  liver,  and  they  may  serve  as  deriva- 
tives, when  the  circulation  tlirough  the  portal  vt-in  is  obstructed, 

Siructure  of  a  Lobule  of  ihs  Liver, — Each  liepatie  lubiile,  bounded  and 
more  or  less  distinetly  separatwl  from  the  others  by  the  interlobular  vessels, 
contains  blowl- vessels,  radicles  of  the  licpatic  ducts  and  the  so-called  hepatic 
cells.  The  arrangement  of  tlie  blood-vessels  has  Just  been  described ;  but 
in  all  preparations  made  by  artificial  injection,  the  space  occupied  l>y  the 
blood-vessels  is  exaggerated  by  excessive  distention,  and   the  diHiculties  in 
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the  study  of  the  relations  of  the  duets  and  the  liver-ccIls  are  thefeby  i 
increased. 

Hepatic  Celh. — If  a  scraping  from  the  cut  surface  of  a  fresh  liver  be  n-j 
amined  with  a  moderately  high  magnifying  power,  the  field  of  new  will 
found  filled  with  munded,  ovoid  or  irregularly  polygonal  celL«, 
iVcnr  ^  ij}^(nf  ^^  ""  ^^^^-^^  ^^^**  ^**  '^*^  f^)  ^^  diameter.     In  their  uatunil  j 

they  are  more  frequently  oToid  thftii 
polygonal ;  and  when   they  have  tb^ 
latter  form    the    corners   ane    alwan^ 
rounded*    These  cells  present  one 
occasionally  two  nuclei,  >        *       -  vi! 
and  sometimes  without 
presence  of  small,  pigraeniaty  granul 
gives  to  the  cells  a  [>eculiar  and 
acteristic  a]ipearance ;  and  in 
nearly  all  of  them  contain  a  few 
ule8  or  small  globules  of  fat.     So] 
time5  the  fatty  and  pigmentary 
ule5  are  §o  abundant  as  to  ol>scure  the 
nuclei-     The  addition  of  acetic 
renders  the  cells  pale  and  the  nu- 
become  more  distinct*     The  ceUs 
contain  more  or  less  glycogen  in  the  form  of  granules  surround iiig  th« 
clei. 

ArnnHjf'mpttt  of  fhe  BiJe-df/rfs  ut  t/tp  Lobuhs, — In  the  substance 
lobules  U  a  line  and  regular  net* work  of  vessels  of  nearly  uniform  sixe^ 
i^\^^  of  an  inch  (2  or  3  /*)  in  diame- 
ter, which  surround  the  liver-cellfi,  cjii'h 
cell  lying  in  a  space  boundcil  by  inos- 
culating branches  of  these  canals.  This 
plexus  is  entirely  indeix^ndent  of  the 
blood-vessels,  and  it  seems  to  enclose 
in  its  meshes  each  individual  cell,  ex- 
tending from  the  periphery  of  the  lob- 
ule to  the  intralobular  vein. 

The  reticulated  bile-ducts  were  Ui**- 
coveretl  in  the  substance  of  the  lobules, 
near  their  borders,  by  Gerlach,  in  184S. 
It  is  evident,  from  an  examination  of 
his  figures  and  description^  that  he 
succeeded  in  filling  with  injection  that 
portion  of  the  lobular  net-work  near 
the  bi-^rdera  of  the  lobules,  and  he  dem- 
onstruted  tlte  continuity  of  these  ves- 
sels with  the  interlobular  ducts;  but  he 
did  not  recognize  the  vessels 
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nearer  the  centre  of  the  lobule.     It  is  no 
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known  that  there  are  either  cmmh  or  interspaces  between  the  liver-cells  in 
the  lobules,  and  that  those  open  ioU)  the  interlobular  hepatic  duets.  It  is 
still  a  question,  however,  whetlier  the*^  passages  be  simple  spaces  between 
the  cells  or  true  vessels  lined  with  a  membrane. 

Anaiouitf  of  /////  Excretorif  Hihunj  Pft.ssaf/tKs, — Between  the  lobules  tlie 
ducrts  are  very  small,  the  sinallej^t  measuring  about  3^^  of  an  inch  (8 /a)  in 
diameter.  They  are  composed  of  a  delicate  membrane  lined  with  epithe* 
Hum*  The  duct^  hir<rer  Ihan  y^isir  ^^^  ^^^  "i^*^  (about  '^0  ^)  have  a  fibrous 
'coat,  formed  of  inelastic  with  a  few  eliL^tic  elements,  and  in  the  larger  ductn, 
there  are,  in  a^idition,  a  few  non-striated  muscuhir  fibres.  The  epithelium 
lining  these  ducts  is  of  the  columnar  variety,  the  cells  gradually  undergoing 
a  transition  from  the  pavement- form  as  the  ducts  increase  in  size.  In  the 
largest  ducts  there  is  a  distinct  mucous  membrane  with  mucous  ghmds. 

Throughout  the  extent  of  the  biliary  piiss^iges,  from  the  interlobuhir  caiMils 
to  the  ductus  choledochus,  are  little  utricular  or  racemose  glands,  vaiyi ng  in 
size  in  diiferent  jjortioti^  of  the  liver.  Tliese  are  situated,  at  short  intervals, 
by  the  sides  of  the  canals.  The  glamls  connected  witli  the  smallest  ducts  arc 
simple  foUieles,  ^^  to  ^^  of  an  inch  (31  to  6:2  /x)  long.  The  larger  glands 
are  formed  of  groiiptJ  of  these  follicles,  and  they  meiL'^ure  ^-^  or  pj^  of  an 
inch  (lOO  or  :IM)  /a)  in  diameter.  The  glands  are  only  found  connected  with 
the  ducts  ramify- 
ing in  the  sub- 
stance of  the  liver, 
and  they  do  not  ex- 
ist in  the  hepatic, 
cystic  and  common 
du(!ts.  They  are 
coni|Kised  of  a  ho- 
mogeneous mem- 
brane, lined  with 
small,  pale  cells  gf 
efiitbelium.  If  the 
.ducts  in  the  suh- 
etance  of  the  liver 
be  isolated,  they  are 
found  covered  with 
"these  I i tile  groups 
cif  follicles  and  have 
the  a}jpearanee  of 
an  ordinary  race- 
mose gland,  except 
that  the  acini  are 
relatively  small  and  scattered.     This  appearance  is  represented  in  Fig.  134. 

The  excretory  biliary  ducts,  from  the  interlobular  vessels  to  the  point  of 
emergence  of  the  liepatic  duct,  present  frequent  anastomoses  with  each  other 
in  their  course. 
27 
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Racemosf  glttndn  ntfnrhrd  to  fkr  biliary  duclM  of  the  pig  ;  mttij- 
nififtt  18  diamrtfrit  (Sappey). 
I.  1,  branch  of  nn  ht^pnUi-  tluct.  with  thf  *qirfa*X'  almost  endivly  covt»rf^ 
with  raoemoiw  frlandsi  opt'tilrit?  itiro  it*  favity  :  2.  branch  in  ivhit'h  ilw 
frlandfi  an*  smaller  and  1i'k«  nbinwlwiil  :  Ji  3,  3,  hrantrhes  of  tin?  din't  with 
Ktm  ftimpUT  (TlnnflK  ;  |,  4.  4,  4.  (uliary  diirts  wiUi  KlriipU*  follicles  al- 
tochfd  :  5.  \  ft,  5,  UiH  same.  wUh  fewer  follifieH :  G.  ti*  6.  <5»  0.  aniuit^v 
moA*^  In  ari'hejt :  7.  7.  7,  lui^tlux  anastoiuo^eft ;  61,  8,  ^  ^  ktmstoimmm 
b3'  transverse  branches. 
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Vasa  Aberrant ia. — In  the  livers  of  old  persons,  and  occasionallv  io  tHf 
adult,  certain  vessels  are  found  rumifying  on  the  surface  of  Uie  li^cr,  but 
always  opening  into  the  biliary  duets,  whit-h  have  been  called  rasa  abernintii 
These  are  never  found  in  the  fcetus  or  in  ehildren.  They  an^  a|i|»enilw^t*  <^ 
the  excretory  system  of  the  liver,  and  are  analogous  in  their  strueturc  to  thf 
duct^,  but  are  apparently  hypertrophied,  with  thiekenetl,  fibrous  wall?,  and 
]>resent  in  their  course  irregular  eonstrietions  not  found  in  the  normal dtnu 
The  nu-emoiie  gkmk  attached  to  them  are  always  very  much  atroj^hitn^i. 

GalNtladthr,  Hepatit\  Ct/Miic  and  Common  Ducts, — The  hepatic  duet  u 
farmed  bj  the  union  of  two  ducts,  one  from  the  right  and  the  other  from 
the  left  lube  of  the  liver.  It  is  alnmi  an  inch  and  a  half  (38  mm.)  in  ' 
and  joiuis  at  an  acute  angle  with  the  cystic  duct,  to  form  the  duetu- 
munis  eholedoehus.  Ttie  common  duct  is  about  three  inches  (76  mm.)  in 
length,  of  the  diameter  of  a  goose-quill,  and  it  opens  into  the  desot'tiditisr 
portion  of  the  duodenum.  It  passes  obliquely  through  tlie  <i\mX&  of  i\w  itK 
testine,  and  opens  into  its  cavity,  in  coimection  with  the  priuei|)iil  p*iier«itic 
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^%% duodenum  :  4,  -t  5.  Q,  7,  7.  ^  pancivas  and  pancrt^atic  duHs  :  f»,  i 
ffir;  IBw  h^iKith-^  duct  :  16,  r^«tir  dncf :  17,  ctunmfm  thut ;  |H,  purtAl 
warn:  tO»  he|jatie  art^rj'  •  ^I.  coronAry  «rt<Ty  of  thf  stomnrh  i  ti.  i 
dS,  spkriijc  nrn*r>' :  ^ii,  KpK^?Q  ;  ai,  left  kidney  ;  dU,  rig^ht  kklnr'y  :  27.  sup* 
vein ;  2K.  Inferior  vena  cava. 
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duet.     The  cyBtic  duct  is  about  an  inch  (25  mm.)  in  length,  and  is  the 

smallest  of  the  three  canals. 

The  structure  uf  these  duets  is  essentially  the  same.     They  have  a  pr 
coat  formexi  of  ordinary  fibrous  tissue,  a  few  elastic  fibre*  and  non^t 
muscular  fibres.     The  muscular  tissue  is  not  sufficiently  di>  fornil 

separate  coat.     The  mucous  membnuie  is  always  found  tin^  tt  iridt 
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the  bile,  even  in  living  animals.  It  is  marked  by  a  large  number  of  minute 
I  exoiivHtions  and  is  cnvereil  witli  eells  of  i-olumnar  epithelium*  This  mem- 
brane contains  a  large  number  of  mucous  glands. 

The  gall-bladder  is  an  ovoid  or  pear-shaped  sac-,  about  four  inches  (10 

L centimetres)  in  longtli,  one  invh  (25  mm.)  in  breadth  at  itj«  widest  portion, 

'and  capable  of  holding  lui  ounce  to  an  ounce  and  a  ludf  (do  lo  45  c.  c)  of 

fluid.     Its  fundus  is  covered  entirely  with  peritoneum,  but  this  membrane 

e8  only  over  the  lower  surface  of  its  body* 

The  proper  coat  of  the  gall-bladiler  is  composed  of  ordinary  tibrous  tissue 
with  a  few  elastic  librejs.  In  s*>me  of  the  lower  animals  there ^iis  a  distinct 
muscular  coat,  but  a  few*  scattere*!  fibres  only  are  found  in  the  human  sub- 
ject»  The  mucous  coat  is  of  a  yellowish  color,  with  very  small,  interlacing 
foldis  which  are  very  vas^'ular.  The  mucous  membrane  of  the  gall-bladder 
has  a  general  lining  of  cokimnar  ei>ithelium  with  a  few  goblet-cellg.  In  the 
g^all-ldadder  are  found  small,  racemose  glands,  forme<l  of  four  to  eight  folli- 
cles Imlged  in  the  submucous  structure.  Those  are  essentially  the  same  as 
the  glands  opening  into  the  ducts  in  the  substance  of  the  liver,  and  they 
secrete  a  mucus  which  is  mixed  with  the  bile* 

Xtnrs  and  Lifutphtifirs  of  fhe  Liver, — The  nerves  of  the  liver  are  derived 
from  the  pneumog^vstric,  the  phrenic,  and  the  solar  plexus  of  the  sympathetic. 
The  bninches  of  the  left  pneumogastric  penetrate  with  the  portal  vein,  while 
the  branches  from  the  right  pucumogListric,  the  phrenic  and  the  sympathetic, 
surround  the  hepatic  artery  and  the  hepatic  duct.  All  of  tliese  nerves  pene- 
trate at  the  transverse  fissure  and  follow  the  blood-vessels  in  their  distribu- 
tion. They  have  not  been  traced  farther  than  the  final  ramifications  of  the 
capsule  of  (ilisson,  and  their  exai^t  mode  of  termination  is  unknown. 

Tlie  lymphatics  of  the  liver  are  very  altundant.  They  are  divided  into 
two  layers;  the  superficial  layer,  situated  just  beneath  the  serous  membrane, 
and  the  deep  layer.  The  supcrticial  lyni[ihatics  from  the  under  surface  of 
the  liver,  and  that  portion  of  the  deep  lymphatics  which  f<dlows  the  hepatic 
vems  out  of  the  liver,  pass  through  the  diaphragm  and  are  connected  with 
the  thoracic  glands.  Some  of  the  lymphatics  from  the  superior,  or  convex 
surface  join  the  deej)  ve^-scls  that  emerge  at  the  transverse  fissure  and  paiss 
into  glands  below  the  diaphragm,  while  others  pas.s  into  the  thoracic  cavity. 

The  mode  of  origin  of  the  lymphatics  is  peculiar.  The  supertieial  lym- 
phatics are  subperitoneid  and  arc  connected  with  spaces  or  canals  in  the 
general  connective  tissue  of  the  liver.  Hie  deep  lymphatics  are  supposed  to 
originate  by  perivascular  canals  surrounding  the  blood-vessels  of  the  lobules, 
which  are  nouneeted  with  vessels  in  the  walls  of  small  branches  of  the  hepatic 
and  portal  veins,  afterward  surrouuiling  the  larger  vessels. 

MechaniMtn  of  the  Seereii'on  and  Dimhargc  of  Bile. — In  its  anatomy  the 
liver  differs  greatly  from  other  glandular  organs,  l>oth  secretory  anil  excretory. 
The  liver-cells  are  not  enclosed  inducts,  but  are  surround  ed  by  a  plexus  of 
exceedingly  small  vessels  which  umlonbtcdly  receive  tfie  bile  as  it  is  formed. 
The  liver,  also,  is  siijjplied  with  both  venous  and  arterial  blood,  the  venous 
blood  largely  predominating.     1ji  addition  it  is  now  recognized  that  the  bile 
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is  necessary  to  intestinal  digestion,  that  it  contains  excrement! tious  matien 

and  that  the  cells  constantly  produce  glycogen.     The  liver  prcxluce^  nn 
whii-h  is  excreted,  however,  chiefly  by  the  kidneys-    It  may  also  effect  eer 
changes  in  digested  and  foreign  matters  that  are  absorbed  from  the  alimen 
ary  canal.     As  regards  its  varied  uses,  thei*efore,  as  well  as  in  its  anat#vmv, 
hsus  no  amdogue  in  the  glandular  system,  and  the  nieclianisni  of  it>  :*etj 
necessarily  complex. 

As  regards  tlie  secretion  of  bile,  the  only  %iew  that  is  i  i\ 

ac^tual  knowledge  b  that  this  fluid  is  produce*!  by  the  liverK^i  i 
up  by  the  plexus  of  bile-ducts  which  surrounds  these  cells.    The  little  glan 
niar  organs  that  are  attaehed  to  the  larger  branches  of  the  duct  secrete  mn<'i 
which  gives  tlie  visiidity  observed  in  the  bile  of  some  animals.     The  bih 
indeed,  is  viscid  in  different  imimals  in  proportion  to  the  development 
these  mucous  glands  ;  and  in  the  rabbit,  in  wiiich  the  glands  do  not  eidst,  til 
bile  has  no  vis«'idity  (8apj)ey).     The  passage  of  excre me nti tious  substauo 
from  the  bloo^l  into  the  bile  will  be  discussed  in  connection  with  the  actio 
of  the  liver  as  an  organ  of  excretion,  imd  the  formation  of  glycogen  will 
considered  in  its  proper  place. 

Of  course  the  circulation  of  blood  in  the  liver  is  a  condition  necessgary  tt) 
the  secretion  of  bile.  As  regards  the  question  of  the  production  of  bile  from 
venous  or  arterial  blood,  it  has  been  shown  that  the  materials  out  of  whici 
the  bile  is  formed  may  be  supplied  by  either  the  hepatic  artery*  or  the  pon 
vein.  Bile  is  secreted  after  the  hepatic  artery  has  been  tied,  and  aliioafu 
the  portal  vein  has  l>een  grsitlually  obliterated,  the  hej>atie  artery  being  mu 
(Ore).  Bile  is  produced  in  the  liver  from  the  blood  distribulCMl  inibi 
stance  bv  the  portal  vein  and  the  hepatic  artery,  and  not  fi*om  the  blood  < 
either  of  these  vessels  exclusively;  and  bile  may  continne  to  be  secretal 
either  one  of  these  vessels  be  obliterated,  provided  the  supply  of  blood  I 
sufficient. 

Some  of  the  variations  in  the  discharge  of  bile  have  l>een  descrilietl  id 
connection  with  the  physiology  of  digestion;  but  although  the  bile 
jMjured  out  much  more  abundantly  during  intestinal  dige^stion  thjm  at  olli 
times,  its  production  and  dis^^diargc  are  constant.  The  bile  is  stored  np 
the  gall-l>hulder  to  a  considerable  extent  rluring  the  intervals  of  digcMio 
If  an  animal  be  kdled  at  this  time,  the  gjiU-bhidder  is  always  dbtended ;  but 
it  is  found  i^nipty,  or  nearly  so,  in  animals  killed  during  digestion. 

The  influence  of  the  nervous  system  on  the  secretion  of  bile  has  Ix 
very  little  studied,  and  the  question  is  one  of  great  difticulty  and  olisc?im^ 
The  liver  is  suj^plied  very  abundantly  with  nerves,  both  cerebro-spinal 
sympathetic,  and  some  observations  have  been  made  uf>on  the  influence 
the  nerves  upon  its  glycogenic  action ;  but  with  regard  to  the  secretion  1 
bile,  there  is  little  to  be  said  beyond  w^hat  has  already  been  stated  concemii 
tJie  influence  of  t!je  nervous  system  on  other  secretions. 

The  bile  is  discharged  through  the  hepatic  ducts  like  the  secretion  of  i 
other  gland.      T>uring  digestion  the  fluid  accumulated   in  the  gall-bladd 
paaaes  into  tJie  ductus  communis,  in  part  by  contractions  of  its  walls,  and 
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part,  probably,  by  compression  exerted  by  the  distended  and  congested  diges- 
tiTe  organs  adjacent  to  it.  It  seems  that  this  fluid,  which  is  necessarily  pro- 
duced by  the  liver  without  intermission,  separating  from  the  blood  certain 
excrementitious  matters,  is  retained  in  the  gall-bladder  for  use  during  diges- 
tion. 

Quantity  of  Bile. — The  estimates  of  the  daily  quantity  of  bile  in  the 
human  subject  must  be  merely  approximate ;  and  the  ideas  of  physiologists 
on  this  point  are  derived  chiefly  from  experiments  upon  the  inferior  animals. 
The  most  complete  and  reliable  observations  upon  this  subject  are  those  of 
Bidder  and  Schmidt,  which  were  made  upon  animals  with  a  fistula  into  the 
gall-bladder,  the  ductus  communis  having  been  tied.  These  observers  found 
great  variations  in  the  daily  quantity  in  different  classes  of  animals,  the  quan- 
tity in  the  carnivora  being  the  smallest.  Applying  their  results  to  the  human 
subject,  assuming  that  the  amount  is  about  equal  to  the  quantity  secreted  by 
the  carnivora,  the  daily  secretion  in  a  man  weighing  one  hundred  and  forty 
pounds  (03*5  kilos.)  would  be  about  two  and  a  half  pounds  (1,134  grammes). 

Uses  of  the  Bile. 

The  uses  of  the  bile  in  digestion  have  already  been  fully  described  ;  but 
before  considering  its  characters  as  an  excretion,  it  will  be  necessary  to  study 
its  general  properties  and  composition. 

Properties  and  Composition  of  the  Bile, — The  secretion  as  it  comes 
directly  from  the  liver  is  somewhat  viscid ;  but  after  it  has  passed  into  the 
gall-bladder,  its  viscidity  is  much  increased  by  a  farther  admixture  of  mucus. 

The  color  of  the  bile  is  very  variable  within  the  limits  of  health.  It  may 
be  of  any  shade  between  a  dark,  yellowish-green  and  a  reddish-brown.  It  is 
semi-transparent,  except  when  the  color  is  very  dark.  In  different  classes  of 
animals  the  variations  in  color  are  very  great.  In  the  pig  it  is  bright-yellow ; 
in  the  dog  it  is  dark-brown ;  and  in  the  ox  it  is  greenish-yellow.  As  a  rule 
the  bile  is  dark-green  in  the  carnivora  and  greenisli-yellow  in  the  herbivora. 

The  specific  gravity  of  the  human  bile  is  1,020  to  1,026.  When  the  bile 
is  perfectly  fresh  it  is  almost  inodorous,  but  it  readily  undergoes  putrefactive 
changes.  It  has  a  disagreeable  and  bitter  taste.  It  is  not  coagulated  by  heat. 
When  mixed  with  water  and  shaken,  it  becomes  frothy,  probably  on  account 
of  the  tenacious  mucus  and  its  saponaceous  constituents. 

It  is  generally  stated  that  the  bile  is  alkaline.  This  is  true  of  the  fluid 
discharged  from  the  hepatic  duct,  although  the  alkalinity  is  not  strongly 
marked ;  but  the  reaction  varies  after  it  has  passed  into  the  gall-bladder. 
Bernard  found  it  sometimes  acid  and  sometimes  alkaline  in  the  gall-bladder, 
in  animals  (dogs  and  rabbits)  killed  under  various  conditions ;  but  many  of 
these  animals  were  suffering  from  the  effects  of  severe  operations.  In  the 
hepatic  ducts  the  reaction  is  always  alkaline ;  and  there  are  no  observations 
on  human  bile  that  show  that  the  fluid  is  not  alkaline  in  all  of  the  biliary 


The  epithelium  of  the  biliary  passages  is  strongly  tinged  with  yellow,  even 
in  living  animals.     This  is  due  to  the  facility  with  which  the  coloring  mat- 
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ter  of  the  bile  staiiis  the  animal  tissues.  This  is  very  well  illiutniled  ii 
icteras,  when  even  a  small  qoantity  of  this  coloring  matter  finds  its  way  into 
the  circulation. 

Perfectly  normal  and  fresh  bile,  examined  with  the  microfloope,  picseato 
a  certain  quantity  of  mucus,  the  characters  of  which  have  already  been  de- 
scribed. There  are  no  formed  anatomical  elements  chancteristic  of  tin 
fluid.  The  fatty  and  coloring  matters  are  in  solution  and  not  in  the  fonn  of 
globules  or  granules. 

COMPOSITION  OF  HUMAN   BILE.      (KOBIN.) 

Water 916-00  to  81M0 

Sodium  taurocholate 56-50  ••  106HI0 

Sodium  glycocholatc tnoesL 

Cholesterine 0^62  to     MO 

Bilirubin 14-00  *    8000 

Leeithcne 

Palmitine,  oloine  and  traces  of  soaps. 

Choline tnoes.  ' 

Sodium  chloride 2rT7  to     MO 

Sodium  phosphate 1-00  ••      2iiS0 

Potassium  phosphate 0-75  ••      1^ 

Calcium  phosphate 0-50  ••      H5 

Magnesium  phosphate 045  **      OflO 

Salteofiron ' 0-15  •*      0« 

Salts  of  manganese faraoes   **      0*13 

Silicicacid 006  "      008 

Mucine tracer 

Loss 8-48  to     l-W 

1,000-00     1,00000 

There  are  no  peculiarities  in  the  composition  of  the  bile,  in  respect  to  iti 
inorganic  constituents,  which  demand  more  than  a  passing  mention.  It  om- 
tains  no  coagulable  organic  matters  except  mucine,  and  all  of  its  constitih 
ents  are  simply  solids  in  solution.  The  quantity  of  solid  matter  is  very  large, 
and  the  proportion  of  water  is  relatively  smatL  Among  the  inorganic  sdti, 
sodium  chloride  exists  in  considerable  quantity,  with  a  large  proportion  of 
phosphates.  There  exist,  also,  salts  of  iron  and  of  manganese,  with  a  small 
quantity  of  silicic  acid. 

The  fatty  and  saponaceous  constituents  demand  hardly  any  more  extended 
consideration.  A  small  quantity  of  palmitine  and  oleine  are  held  in  solii* 
tion,  partly  by  the  soaps,  but  chiefly  by  the  sodium  taurocholate.  The  fots 
sometimes  exist  in  larger  quantity,  when  they  may  be  discovered  in  the  form  of 
globules.  The  proportion  of  soaps  is  very  small.  Lecithene  (C44HMNPO1) 
is  a  neutral,  fatty  substance  extracted  from  the  bile,  and  may  be  decomposed 
into  phosphoric  acid  and  glycerine.  Choline  (C'sHuNOf)  is  an  alkaloid 
found  in  the  bile  in  exceedingly  minute  quantity. 

hUiarif  SaJfii. — In  human  bile  the  characteristic  biliary  salt  is  a  combi- 
nation of  tanrocholic  acid  (C'2r,H45^SO.)  with  sodium.  A  very  small  quantity 
of  sodium  exists  in  combination  with  glycocholic  acid  (CfellisNOe).     These 
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two  salts  were  discovered  in  the  bile  of  the  ox,  by  Strecker,  in  1848.  Sodi- 
um glycocholate  exists  in  quantity  in  ox-gall.  Both  of  these  salts  may  be 
precipitated  from  an  alcoholic  extract  of  bile  by  an  excess  of  ether.  The 
tauTocholate  is  precipitated  in  the  form  of  dark,  resinous  drops  which  crys- 
talliise  with  difficulty.  The  glycocholate  is  readily  crystallizable.  The  bil- 
iary salts  are  very  soluble  in  water  and  in  alcohol.     Their  reaction  is  neutral. 

There  can  be  no  doubt  that  the  biliary  salts  are  products  of  secretion  and 
are  formed  in  the  substance  of  the  liver.  In  no  instance  have  they  ever 
been  discovered  in  the  blood  in  health ;  and  although  they  present  certain 
points  of  resemblance  with  some  of  the  constituents  of  the  urine,  they  have 
never  been  found  in  the  excreta.  In  experiments  made  by  Muller,  Kunde, 
Lehmann  and  Moleschott,  on  frogs,  in  which  the  liver  was  removed  and 
the  animal  survived  several  days — ^and  in  the  observations  of  Moleschott,  be- 
tween two  and  three  weeks — it  was  found  impossible  to  determine  the  pres- 
ence of  the  biliary  salts  in  the  blood.  There  is  no  reason,  therefore,  for  sup- 
posing that  these  salts  are  products  of  disassimilation.  Once  discharged 
into  the  intestine,  they  undergo  certain  changes  and  can  no  longer  be  recog- 
nized by  the  usual  tests ;  but  experiments  have  shown  that,  changed  or  un- 
changed, they  are  absorbed  with  the  products  of  digestion.  They  are  prob- 
tibly  concerned  in  the  digestive  action  of  the  bile. 

Cholesterine, — Cholesterine  (C26H44O)  is  a  normal  constituent  of  various 
of  the  tissues  and  fluids  of  the  body.  Most  authors  state  that  it  is  found  in 
the  bile,  blood,  liver,  nervous  tissue,  crystalline  lens,  meconium  and  fsecal 
matter.  It  is  to  be  found  in  all  these  situations,  with  the  exception  of  the 
faeces,  where  it  does  not  exist  normally,  being  transformed  into  stercorine  in 
its  passage  down  the  intestinal  canal. 

In  the  fluids  of  the  body  cholesterine  exists  in  solution ;  but  by  virtue  of 
what  constituents  it  is  held  in  this  condition,  is  a  question  that  is  not  en- 
tirely settled.  It  is  stated  that  the  biliary  salts  have  the  power  of  holding 
cholesterine  in  solution  in  the  bile,  and  that  tlie  small  quantity  of  fatty  acids 
contained  in  the  blood  holds  it  in  solution  in  that  fluid ;  but  direct  experi- 
ments on  this  point  are  wanting.  In  the  nervous  tissue  and  in  the  crys- 
talline lens,  it  is  united  with  the  other  substances  whicli  go  to  make  up 
these  parts.  After  it  is  discharged  into  the  intestinal  canal,  when  it  is  not 
changed  into  stercorine  it  is  to  be  found  in  a  crystalline  form,  as  in  the 
meconium,  and  in  the  faeces  of  certain  animals  in  a  state  of  hibernation.  In 
pathological  fluids  and  in  tumors,  it  is  found  in  a  crystalline  form  and  may 
be  detected  by  microscopical  examination. 

Cholesterine  is  usually  described  as  an  alcoliol,  having  many  of  the  prop- 
erties of  the  fats,  but  not  that  of  saponification  with  the  alkalies.  It  is  neu- 
tral, inodorouB,  cr\'stallizable,  insoluble  in  water,  sohible  in  ether  and  very 
soluble  in  hot  alcohol,  thougli  sparingly  soluble  in  cold  alcohol.  It  is  in- 
flammable and  burns  with  a  bright  flame.  It  is  not  attacked  by  the  alkalies 
even  after  prolonged  boiling.  Wlien  treated  witli  strong  sulphuric  acid  it 
strikes  a  peculiar  red  color. 

Cholesterine  may  easily  and  certainly  be  recognized  under  the  microscope 
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by  the  fonn  of  its  crystals.     They  are  rectangukr  or  rhomboidalt  Twy  I 
jind  transparent,  of  variable  size,  with  distinct  and  generally  regnlar  liOffdefiL ' 
and  frequently  arranged  in  layers,  with  the  Ijorders  of  the  lower  strata  ^hfit- 

ing  throagh  those  which  are  m^- 
imposed.  The  plates  of  ehok^mii? 
are  often  marked  by  a  cleuvagie  ^ 
one  comer,  the  lines  rnnnii] 
ullel  to  the  borders.  Freqoen 
plates  are  rectangular,  and  ^onu 
times  they  are  almost  ioxenge-sha{»i^ 
Crystals  of  cholesterine  mell  at  TM 
Fahr.  (145°  C),  but  they  are  fm 
again  when  the  temperature  fallf  I 
low  that  point 

The  proportion  of  cholestennpi 
the  bile  is  not  irer}*  large,    bi 
table,  it  is  estimated  at  OGi  to  * 
parts  per  thousiand.     In  a  single  ex: 
amination  of  the  human  !>ile,  the  pniportian  was  ()'t/18  of  a  jjart  per  I 
sand  (Flint). 

The  origin  and  destination  of  cholesterine  involve  an  office  of  th*  Hti 
which  has  not  been  generally  recognizeti  by  phraologists ;  and  these  que^cionil 
will  lie  considered  specially,  under  the  head  of  the  excretory  action  of  thai 
liver. 

Bilirubin, — The  coloring    matter   of   the    bile,  bilirubin    (CjjTIm'*!*^ 
tiears  a  certain  resemblance  to  the  coloring  matter  of  the  bloml  and  if  iOjul 
IMjsed  to  be  formed  from  it  in  the  liver.     It  gives  to  the  bile  its  p'  n 

and  has  the  property  of  coloring  the  tissues  with  which  it  comes  il  uj 

Whenever  the  flow  of  bile  is  obstructed  for  any  considerable  time,  tlie  y 
ing  matter  is  absorbed  by  the  hlo4xl  and  can  be  readily  detected  in  the  errui 
and  in  the  urine.     It  also  eolorj^  the  skin  and  the  cunjunctiva.     It  b  mhh 
in  chloroform,  by  which  it  is  distinguished  from  biliverdine,  and  forms  i 
uble  combinations  with  alkalies,  in  which  form  it  is  thought  i^  exist  in 
bile-     It  probably  is  formed  in  the  liver  from  the  hfemoglobine  of  the 
blood-corpuscles.     When  exposed  to  the  air  or  to  the  mfltience  of  <.vrtaiii  < 
idizing  agents,  it  assumes  a  greenish  color  and  is  changed  into  bilivenliD 
It  is  unnecessary  to  follow  the  various  other  changes  produced  by  s|K>ut 
ous  decomposition  or  by  the  action  of  reagents- 

Tests  for  Bile. — A  simple  test  for  bile-pigment  i«  the  following:  A 
stratum  of  the  liquid  to  be  tested  is  placed  upon  a  white  surface*  lis  a  pon 
Iain  plate,  and  to  this  is  a<lded  a  drop  of  nitroso-nitric  acid-  If  the  tvdor 
matter  of  the  bile  be  present,  a  play  of  colors  will  be  observed  surroundii 
the  drop  of  acid.  The  color  will  rapidly  change  from  green  to  Wa©. : 
orange,  pur|>le  and  finally  to  yellow.  This  test  is  applicable  only  to  the  t 
oring  matter  and  dr^s  not  detect  the  biliary  salts. 

A  very  delicate  test  for  the  biliary  salts  in  a  clear  solution  not  contain- 
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ing  albumen  is  what  is  known  as  Petteukofer*8  test :  To  the  suspected 
liquid  are  added  a  few  drops  (»f  a  strong  solution  of  eane-s^ugar.  Sulphuric 
acid  u  then  dowly  aiJileil,  to  the  ext**nt  of  nhimt  Iwu-thirds  of  the  hulk  of  the 
liquid.  It  is  recomnit!iided  to  add  the  aicid  slowly,  so  that  the  teraperatui'c 
shall  be  but  little  raiseiL  If  a  large  quantity  of  the  biliary  salts  he  present, 
a  red  color  shows  itself  almost  inimediately  at  the  bottom  of  tfie  test-tube, 
and  this  soon  extends  through  the  eutii^e  liquid,  rapidly  deepening  until  it 
becomes  dark  lake  or  purple.  If  the  biliary  matters  exist  in  very  snmll  pro- 
portion, it  may  be  seveml  iniuutes  before  a  red  color  makes  it«  appearance, 
and  tlie  change  to  a  purple  is  correspondingly  slow,  the  whole  process?  occu- 
pying fifteen  to  twenty  minutes. 

ExriiETouY  Action  of  the  Liver. 

Although  the  liver  produces  a  greater  or  less  quantity  of  urea,  this  sub* 
stance  is  discharged  from  the  body  chiefly  in  the  urine  and  mere  traces  exist 
in  the  bile.  The  excretory  action  of  the  liver  will  be  considered,  in  this  con- 
nection, with  reference  to  the  bile  itself.  At  tlie  present  day  it  is  generally 
admitted  that  the  bile  is  an  excretion  as  well  a^  a  secretion  ;  and  this  ques- 
tion has  been  fully  discussed  in  eonueetion  with  the  physiology  of  digestioiL 
The  confusion  that  ha^*  arisen  with  regard  to  this  p<uut  has  heeu  due  to  the 
fact  that  tliose  who  mbjpted  the  view  that  the  bile  was  simply  an  excretion 
denied  to  it  any  digestive  properties;  while  on  the  other  bund,  those  who 
!>elieved  it  to  be  concerned  in  digestion  would  not  admit  that  it  was  an  excre- 
tion. It  will  be  nseful,  as  hearing  upon  the  prc^lmble  alfii'e  of  the  bile  as  an 
excretion,  to  apply  to  this  lluid  tlie  general  law  of  the  distinctious  between 
secretions  and  excretions. 

Cells  of  glandular  epithelinm  are  constantly  forming,  out  of  materials 
furnished  by  the  blood,  the  characteristic  constituents  of  the  true  secre- 
iona ;  but  these  do  not  pre-exist  in  the  blood,  they  apj^ear  first  in  the  secret- 
ting  organ,  and  they  never  accumulate  in  the  system  when  the  aetinu  of  the 
secreting  organ  is  disturbed.  Again,  the  true  secretions  arc  imt  discharged 
from  the  body,  but  they  have  an  ottice  to  perform  in  the  economy,  and  are 
poured  out  by  the  ghmils  intermittently,  at  the  times  when  this  oflice  is  culled 
into  action.  As  far  as  the  biliary  salts,  sodium  tauroeholate  aiul  scKllum 
glycocholate,  are  concerned,  the  bile  corresponds  entirely  to  the  true  secre- 
tions. These  salt^^i  are  formed  in  the  liver,  they  do  not  pre-exist  in  the  blood, 
and  they  do  not  accumuhite  in  the  blood  when  their  forination  in  the  liver  is 
disturbed.  The  researches  of  Bidder  and  Schmidt  and  others  have  shown 
that  although  the  Idliary  salts  can  not  be  detected  in  the  blood  or  chyle 
coming  from  the  intestine,  tliev  are  not  discliarge<l  in  the  fji^ces.  These  facts 
point  to  an  important  othce  of  the  bile  as  a  secretion.  It  is  true  that  the 
bile  is  discharged  constaTitly,  but  during  digestion  its  flow  is  very  much  more 
abundant  than  at  any  other  time.  It  is  pretty  well  established  that  during 
the  intervals  of  the  flow  of  the  s(L*eretious,  the  glands  are  forming  tiic  materi- 
als of  secretion,  which  are  washed  out,  lis  it  were,  in  tlie  great  afflux  of  blood 
which  takes  place  during  what  has  been  called  the  activity  of  the  gland. 
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The  constant  and  invariable  presence  of  ehole^terine  in  the  Mle  mmm- 
lates  it  in  every  regard  to  the  excretions,  of  whioh  the  urh 
the  typo.    Chole^terine  always  exists  in  the  bloml  and  ma 
of  the  body.     It  is  not  produced  in  the  subatauce  of  the  liver,  bat  u  ti 
separated  from  the  hloo<l  by  this  organ.     It  is  constantly  ^«:*setl  iin-.  n 
intestine,   and  is  discharged,  although   in  a  modified  fomi,  in   the   f^^:^. 
Physiologists  know  of  no  oifice  which  it  has  to  perform  in  the  economy,  suit 
moi'e  than  urea  or  any  other  of  the  excrementitiou«  constituents  of  the  iirinf. 
It  accumulates  in   the  blood  in  certain  cases  of  organic  di^ea^  of  tht*  lit^r 
and  gives  rise  to  symptoms  of  blix)d-poisoning. 

Origin  of  CholmieriHe. — Cholesterine  exists  in  largest  quantity  in  the^ul^- 
stance  of  the  bniin  and  nerves.  It  is  also  found  in  tlie  suh^ance  of  the  Wwr 
— probably  in  the  bile  contained  in  tliis  organ — the  crye^talline  lens  aii 
spleen  \  but  with  these  exceptions,  it  is  found  only  in  the  nervous  tiseui  ^  .^ 
blr>od.  It  18  either  deposited  in  the  nervous  matter  from  tlie  blood  or  it  ]$ 
formed  in  the  i»rain  and  taken  up  by  the  blood.  This  is  a  question,  homsiw* 
w^iieh  can  be  settled  experimentally* 

in  a  series  of  exi)cnment8  made  in  1862,  it  was  inrariably  found  that  thr 
proportion  of  cholesterine  in  the  blood  of  the  intenud  jiigul  >' 
femoral  vein  was  greater  than  in  the  arterial  blood.  In  ex[^ 
on  dogs  not  ethemed,  the  blood  of  the  jugular  rein  contained,  in  on*  in- 
stance 23-3  and  in  another  598  per  cent,  more  cholesterine  tlmn  the  arterial 
blood  of  the  same  animals*  The  blood  of  the  femoral  vein  contained  abowt 
6*3  per  cent*  more  cholesterine  than  arterial  blood*  In  three  cases  of  hemi- 
plegia^ cholesterine  wa8  found  in  normal  quantity  in  blood  taken  from  thr 
arm  of  the  somtd  dde,  while  blood  from  the  paralyzed  side  contained  m 
cholesterine  (Flint). 

These  observations  point  to  the  production  of  cholesterine  in  the  tissues: 
and  the  fact  of  its  existence,  under  normal  conditions,  in  the  nervous  lisrot 
renders  it  probable  that  the  cliief  seat  of  its  production  is  the  substance  (rf 
the  nerve-centres  and  nerves.  The  question  of  its  formation  in  the  spleen  i|^ 
one  that  has  not  been  investigated. 

In  another  series  of  experiments,  it  was  shown  that  thebli>iRl  k 
lesterine  in  passing  through  the  liver.  In  one  observation  it  wa.^  four 
the  arterial  blood  lost  a  little  more  than  23  per  cent,  and  the  j>ortal 
alxiut  4^  i>er  cent.,  in  passing  through  the  liver  (Flint). 

Tfie  portal  bloixl^  as  it  goes  into  the  liver,  contaius  but  a  small  perccnl- 
age  of  cholesterine  over  the  blood  of  the  hepatic  vein,  while  the  pen*tmt 
in  the  arterial  bloo<i  is  large.     The  arterial  blood  is  the  raixe<l  bhwHi  of 
entire  system ;  and  as  it  probably  passes  through  no  organ  which  diminish 
it-^  cholesterine  before  it  goes  to  the  liver,  it  contains  a  quantity  of  this 
stance  which  must  be  remove^i.     The  p<3rtal  bloo<L  coming  from  a  limitl 
part  of  the  system,  contains  less  cholesterine,  although  it  gis^es  up  a  cer 
quantity.     In  the  circulation  in  the  liver,  the  portal  system  largely  predot 
nates  and  is  necessary  to  other  important  actions  of  this  organ,  such  as  ' 
production  of  glycogen ;  but  soon  after  the  portal  vein  enters  the  liTer,  i 
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blood  becomes  mixej  with  that  from  the  hepatic  artery,  and  from  thia  mixt- 
nre  the  chole^^t^rine  is  separated.  It  ia  necessary  only  that  hlnMih  contain- 
ing a  certuin  rpiantity  of  cholest^^rine,  should  conie  in  contuet  with  the  hile- 
secreting  cells,  in  order  that  this  substance  diall  he  geparuted-  The  fact  that 
it  is  eliminated  hy  the  liver  is  proved  with  much  less  dittieulty  than  that  it 
is  formed  in  the  nervous  system.  In  fact,  its  presence  in  the  bile,  and  the 
necessity  of  its  constant  removal  from  the  blo«xl,  consequent  on  its  constant 
formation  and  ahsorption  hy  this  fluid,  are  almost  sutficient  in  theniselvea 
to  warrant  tlie  coneliisiou  that  it  is  eliiuiuated  by  the  Hver. 

In  treiit!U|f  uf  the  eompojsition  of  the  faeces,  the  changes  which  the  choles- 
terine  of  the  bik*  undergoes  in  its  passages  down  the  intestinal  canal  have 
lieen  so  fully  considered  that  it  is  not  necessary  to  refer  to  this  portion  of 
the  subject  again.  But  one  examiuutiori  only  was  made  of  the  <|iuintity  of 
gtcrcorine  contained  in  the  daily  fieeal  evacuation ;  and  ikssuming  that 
the  quantity  of  chdesterine  excreted  by  the  liver  is  equal  to  the  stercorine 
found  in  the  evacuations,  the  quantity  in  twenty-four  hours  is  about  ten  and 
a  half  grains  {O^nS  gramme).  This  correspoiuls  witli  the  estiunttes  of  tlie 
daily  quantity  of  eholesterine  excreted,  caleulated  from  hs  proportion  in  the 
bile  and  the  estimated  daily  quantity  of  bile  produced  liy  the  liver. 

Tu  complete  the  chain  of  the  evidence  leailing  to  the  conchision  that 
eholesterine  is  an  oxcrementiti(uis  product  which  is  forme^i  in  certain  of  the 
tissues  and  eliminated  by  the  liver,  it  is  necessary  only  to  show  that  it  may 
accumulate  in  the  blood  when  the  eliminating  action  of  the  liver  is  inter- 
rupted, *    * 

In  a  case  of  simple  jaundice  from  duodenitis,  in  which  there  was  no 
great  disturbance  of  the  system,  a  spec*imen  of  blood  taken  from  the  arm 
presented  undoubted  evidences  of  the  coloring  matter  of  the  bile,  but  the 
proportion  of  eholesterine  was  not  increased,  being  only  t»'508  of  a  part  per 
thousand.  The  f^ces  contaiiie<i  a  large  proportion  of  saponfiable  fat,  but  no 
eholesterine  or  stercorine. 

in  a  ciu^e  of  cirrhosis  with  jaundice,  there  Avas  ascites,  with  great  general 
prostration.  This  patient  died  a  few  days  after  the  blood  and  faeces  ha(l 
been  examined,  and  the  liver  was  found  in  a  condition  of  cirrhosis,  with  the 
liver-cells  sliriinken  and  the  gall-bladder  contractetL  In  this  Cfi^e  th^^  blood 
contained  1*85  of  a  part  of  cholesteriue  per  thousand,  more  than  double  the 
largest  quantity  found  in  health.  The  fieces  contained  a  small  quantity  of 
stercorine, 

Ina^imueh  as  cases  frequently  present  themselves  in  which  there  are  evi- 
dences of  cirrhosis  of  the  liver  with  little  if  any  constitutional  disturbance, 
while  others  are  attended  with  gmve  nervous  symptoms,  it  seemed  an  inter- 
esting question  to  determine  whether  it  be  possible  for  eholesterine  to  accu- 
mulate in  the  bhiod  without  the  ordinary  evidence  of  jaumiice.  An  opjior- 
tiinity  occurred  of  examining  the  blood  in  two  strongly  contrasted  eases  of 
cirrhosis,  in  neither  of  whicfi  was  there  jaundice.  One  of  these  patients  had 
been  tapped  repeatedly — about  thirty  times — bat  the  ascites  was  the  only 
troublesome  symptom  and  the  general  health  was  little  impaired.     In  this 
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case  the  proportion  of  cholesterine  in  the  blood  was  only  0'244i  of  a  part  ym 
thousand,  considerably  below  the  quantity  ordinarily  found  in  henUk  Tt* 
other  patient  had  cirrhosis,  but  he  was  eontincni  to  tlie  bed  and  wsis  very  feeiik 
The  proportion  of  eholesterine  in  the  blood  in  this  case  was  0-922  of  a  part  jw 
tliousand,  a  little  above  the  largi?i>t  proportion  found  in  health.  A  few  tAhf& 
]iathologic^d  obt^ervations  of  this  kind  are  on  record,  Picot,  in  181;!*  (v 
ported  a  fatal  case  of  **  grave  jaundice/*  in  which  he  determined  a  greai  m- 
crea^  in  the  quantity  of  cholesterine  in  the  blood,  the  prciportioii  In^ 
1-804  per  1000, 

It  is  prolMble  tliat  organic  disease  of  the  liver,  accompanieti  with  gm^^ 
symptoms  generally  affecting  the  nervous  system,  does  not  differ  in  it.*  palbd* 
ogy  from  cases  of  simple  jaundice  in  the  fact  of  retention  of  the  biliary  ^alu 
in  the  blood ;  but  these  grave  symptoms,  it  is  more  than  ])robahle«  are  dite  t» 
a  deficiency  in  the  elimination  of  cholesterine  and  its  conseqaent  aceiimiib- 
tion  in  the  system.  Like  the  accumulation  of  urea  in  structural  difcsee  of 
the  kidney,  this  produces  bkxxl-poisoning ;  and  this  condition  may  be  daih 
ac^terized  by  the  name  Cholestcnemia,  a  term  expressing  a  pathological  con- 
dition,  but  at  the  same  time  indicating  the  physiological  relations  of  cboks- 
terine- 

Koloman  Miiiler,  in  1873,  eucceeded  in  injectinj^  cholesterine  into 
blood-vessels  without  producing  any  effects  due  to  mechanical  ob^tnietiun  i 
the  circulation-     lie  made  a  preparation  by  rubbing  eholesterine  with  ^j 
erine  and  mixing  the  mass  with  soap  and  water.   He  injected  into  the  veiJl^« 
dogs,  2*10  fluidounees  (about  G4  c*  c,)  of  this  solution^  containing  ab 
09  grains  (4-5  grammes)  of  cholesterine.     In  five  experiments  of  this  kind. 
produced  a  complete  representation  of  the  phenomena  of  "'  grave  jaundioe.'* 

in  view  of  all  these  facts,  an  excretory  action  of  the  li\'cr,  involving  tfa 
separation  of  cholesterine  from  the  blood  and  its  dbcharge  in  the  fapre«« 
the  form  of  stercorine,  must  be  regarded  as  established,  as  well  as  the  cii^ 
ence  of  eholestera^mia  as  a  definite  pathological  condition. 

FoRMATio^r  OF  Glycooex  in  the  LiyzfL 

In  addition  to  the  uses  of  the  liver  already  described,  ti 
stantly  produces  in  health  a  substance  resembling  starch,  ci^ 
which  is  converted  into  glucose  and  is  carried  into  the  circulation  by  t 
hepatic  veins.  In  this  way  the  liver  act^  as  a  ductless  gland*  glycogen  beii 
formed  by  the  liver-cells  in  precisely  the  manner  that  the  variotis  constiCi 
ents  of  the  secretions  are  produced  by  other  glands.  The  discovery  of  1 
which  was  first  called  the  sugar-producing  office  of  the  Uven  was  made  I 
Bernard,  in  1848.  During  the  present  century  there  have  been  few 
coveries  wind)  have  attracted  m  much  attention,  and  Bernard's  ex 
have  been  reijeated  and  extended  by  pliVBiologists  in  different  parts  of 
world.  In  1857,  Bernard  discovered  glycogen  in  the  liver  and  showed 
the  proiiuction  of  this  substance  precedes  the  formation  of  sugar.  In 
ing,  then,  the  mechanism  of  sugar-production  in  animak,  it  will  be  ne 
to  begin  with  the  physiological  history  of  glycogen. 
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Glycogen  (CeHjoOj)  belongs  to  tlie  class  of  carbohydrates  and  is  iso- 
meric with  starch.  It  is  readily  converted  into  glucose  (CeHijOe).  In  nearly 
all  regards  it  has  the  properties  of  starch,  but  it  gives  a  deep  red  color  with 
iodine  instead  of  a  blue.  In  the  liver-cells  it  exists  in  the  form  of  amor- 
phous granules  sun'ounding  the  nuclei.  It  may  be  extracted  from  a  decoc- 
tion of  the  liver-substance,  by  precipitating  the  albuminoids  by  adding  alter- 
nately dilute  hydrochloric  acid  and  potassio-mercuric  iodide,  filtering  and 
treating  the  filtrate  with  an  excess  of  alcohol.  The  alcoholic  precipitate, 
washed  with  alcohol  and  dried  rapidly,  is  in  the  form  of  a  white  powder, 
which  will  keep  indefinitely.  In  the  adult,  glycogen  is  most  abundant  in 
the  liver ;  but  it  has  been  found  in  small  quantity  in  the  muscular  substance, 
in  cartilage  and  in  certain  cells  in  process  of  development.  In  the  early 
months  of  fcetal  life  it  exists  in  nearlj  all  the  tissues.  It  is  found,  also,  in 
cells  attached  to  the  villi  of  the  placenta. 

The  most  important  of  the  conditions  which  influence  the  quantity  of 
glycogen  in  the  liver  relate  to  alimentation  and  digestion.  The  liver  always 
contains  more  glycogen  during  digestion  than  in  fasting  animals.  After  a 
few  days  of  starvation,  glycogen  may  almost  or  quite  disappear  from  the 
liver.  This  also  occurs  in  animals  fed  for  a  time  exclusively  with  fats,  and 
the  quantity  is  diminished  by  a  purely  albuminous  diet  as  contrasted  with  a 
mixed  diet.  Still,  as  was  shown  by  Bernard,  glycogen  is  invariably  present 
in  the  livers  of  healthy  carnivorous  animals  that  have  always  been  fed  with 
meat  alone. 

A  very  great  increase  in  the  quantity  of  glycogen  in  the  liver  is  produced 
by  feeding  animals  largely  with  carbohydrates.  Not  only  are  the  stiirches 
apparently  stored  up  for  a  time  in  the  form  of  glycogen  in  the  liver,  but 
sugars  seem  to  undergo  a  change  into  glycogen  which  accumulates  in  the 
Uver.  This  is  to  be  expected,  as  the  starches  are  changed  into  sugar  before 
they  are  absorbed,  and  all  the  carbohydrates  behave  in  the  same  way  as 
regards  general  nutrition.  Very  abundant  alimentation  with  carbohydrates 
sometimes  produces  a  tem})orary  diabetes,  the  quantity  of  sugar  in  the  blood 
increasing  to  such  an  extent  that  sugar  is  discharged  in  the  urine.  This  is 
due  either  to  the  passage  of  a  certain  quantity  of  sugar  unchanged  through 
the  liver  or  to  an  excessive  formation  of  glycogen,  which  is  more  actively 
changed  into  sugar  than  under  normal  conditions. 

As  far  as  regards  the  influence  of  alimentation  upon  the  formation  of 
glycogen,  it  seems  probable  that  in  the  herbivora  and  in  man  the  chief  source 
of  hepatic  glycogen  is  the  class  of  alimentary  substances  called  carbohydrates ; 
but  the  fact  that  glycogen  exists  in  the  livers  of  the  carnivora,  and  probably 
in  man,  under  a  nitrogenized  diet,  shows  that  the  liver  is  capable  of  forming 
glycogen  from  the  albuminoids. 

Change  of  Glycogen  into  Sugar, — It  is  almost  certain  that  the  liver  docs 
not  contain  sugar  during  life.  ^luny  years  ago  (1858)  this  fact  was  recog- 
nized by  Pavy,  and  it  has  since  been  confirmed  by  other  physiologists.  Pavy, 
however,  assumed  that  there  was  no  such  thing  Jis  sugar-formation  by  the 
liver,  under  absolutely  normal  conditions,     lie  regarded  the  sugar  found  in 


410 


T^BEB  OF  THE  LIVER— DUCTLESS  GLAXDft 


the  substance  of  the  liver  and  in  the  bIcKxl  of  the  hepatic  Teitus  as  dne  to  ] 
mortem  action,  ami  his  observations  seemed  Uy  be  directly  opposed  to  ihm' 
of  Bernard.     The  views  of  the^  two  obseners  and  tht?ir  foUuwere  ieenwii  to 
be  harmonized  by  a  serii^  of  experimenta  made  in  1868.     If  the  abdoowa  d 
a  dog,  perfectly  quiet  and  not  under  the  influence  of  an  anassthetic^  be  opad, 
and  a  i)ortian  of  the  liver  be  excii^ed,  rinsed  in  cold  water  and  mpidlj  ent  ii|i 
iuto  boiling  water,  the  extract  will  show  no  reaction  with  Feliling*a  test  tic 
sqgar.     In  one  exjierimeut,  in  which  twenty-eight  seconds  elafised  betv^vfi 
the  time  of  oj>eniag  the  abdomen  and  the  iiction  of  the  boiling  waler^  tb< 
reaction  with  Fehling's  test  was  doubtful.     In  an  experiment  in  whii-h  thf 
time  was  only  ten  seconds,  there  was  no  trace  of  sugar  in  ih*^    -*-    •  f^  - 
the  liver  (Flint).     l>al ton,  however,  in  18T1,  found  small  quu: 
in  extracts  of  portions  of  liver  taken  from  an  animal  in  an  avcrnt^ 
(>J  seconds;  but  it  is  possible  that  the  sugar  may  have  been  in  bloo«i  .v 
in  the  liver.     All  observer^  however,  are  now  agreed  that  sugar  b  forii 
the  liver  very  mpidly  after  death* 

If  the  view  be  corre^:t,  that  the  glycogen  of  the  li^rer  ia  being  ooBittiiih 
transformed  into  sugar  during  life,  and  that  this  sugar  is  carried  amj 
in  the  blood-current,  as  fast  as  it  is  foiTned,  sugar  would  not  Deoessanly 
contamed  in  the  liver  under  normal  conditions;  and  there  is  no  actual  aak 
onism  between  the  results  obtained  by  Bernard  and  the  fact  tlnii  sugar  it 
is  not  a  normal  constituent  of  the  liver,  as  is  assert-ed  by  Payy,  McIIob 
Meissncr,  Rittcr  and  others. 

If  the  liver  be  washed  by  a  stream  of  water  passed  through  its  re 
until  it  is  free  from  sugar,  and  if  it  be  kept  at  the  temperature  of  the  Im 
for  a  few  hours,  sugar  i.dll  appear  in  abundance  (Benianl,  1855).  Thi^  i 
due  to  a  conversion  of  the  glycogen  of  the  liver  int-o  sugar  by  a  ferment*  wlii< 
has  been  extracted  and  is*ilated  by  Bernard  and  others  by  a  process  analoj^n 
to  that  by  which  similar  fennents  luive  been  extracteil  from  the  saliva  i 
the  pancreatic  juice.  This  ferment  probably  exists  originally  in  the  lit 
and  does  not  appear  first  in  the  blo4:)d. 

The  question  of  the  transformation  of  glycogen  into  sugar  during  life 
depends  upon  the  comparative  quantities  of  sugar  in  tlie  blood  going  to  anil 
coming  from  the  liver.  Bemanl  idways  found  sugar  in  quantity  in  the  bloo^ 
of  the  hepatic  veins  taken  immediately  after  death,  and  it  exists  in  bio 
drawn  during  life  by  a  catheter  intrmlueed  into  the  right  eairities  of 
heart;  while  in  the  carnivora,  under  a  purely  tmimal  diet,  no  sugar  is< 
tained  in  the  bloixl  of  the  portal  system.  The  normal  blooil  contains. 
Imps,  a  small  quantity  of  sugar — f>'5  to  1  part  per  1,00U — but  the  propartiQ 
is  always  greater  in  the  blood  of  the  hepatitr  veins. 

The  characters  of  animal  sugar  do  not  materially  differ  from  those  of  glu- 
cose, except  that  it  ferments  more  readily  and  is  destroyed  in  the  system 
with  great  facility.  This  property  of  the  sugar  which  I'esult^  from  the  gly- 
cogen formed  in  the  liver  is  probably  of  great  im}Kirtance.  The  sugar  wltich 
results  from  digestion  is  all  carried  to  the  liver.  Here  it  is  ehangied  inl 
glycogen ;  and  it  is  probable  tliat  without  this  change  into  glyccigeu  and 
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subsequent  tmnsformation  into  what  is  called  liver-sugar,  it  ia  not  perfectly 
adapteil  tci  the  purjwses  of  nutrition.  In  many  cii^^es  of  diubeUis,  a  jxissiblo 
explanation  of  the  giyeosuiia  is  that  the  carbohydrates  pasi?  unehaugtHl  into 
the  vena  cava  and  do  not  undergo  the  changes  which  take  place  normally 
in  the  liver,  at  tlie  ^ame  time  being  received  into  the  general  circulation  sud- 
denly and  in  large  quantity,  instead  of  gnidually,  as  when  they  are  changed 
into  glycogen  and  afterward  into  liver-sugar.  When  an  excess  of  sugar  tinds 
its  way  into  the  blood,  it  is  probable  that  the  liver,  under  normal  conditions, 
retains  it  for  a  time  in  the  form  of  glycogen. 

The  sugar  which  is  discharged  into  the  venous  system  by  tlie  hepatic 
veins  is  usually  lost  in  the  passage  of  the  blood  through  the  lungs.  The  ques- 
tion of  the  final  destination  of  sugar  will  be  taken  up  again  in  connection 
with  the  physiology  of  nutrition. 

OnnditiouA  which  influence  the  Qntinfity  of  Sugar  in  the  HloatL — It  is 
probable  that  disturbances  of  the  circulation  in  the  liver  are  the  most  impor- 
tant conditions  influencing  the  discharge  of  sugar  by  the 
hepatic  veins,  and  these  operate  mainly  through  the  nervous 
system. 

The  most  renuirkable  experiment  upon  the  influeuce  of 
the  nervous  system  on  tlie  liver  is  tlie  one  in  which  artiticial 
diabetes  is  produced  by  irritation  of  the  Hoor  of  the  fourth 
veutrifde  (Bernard).  This  operation  is  not  diMcult,  The 
iustniment  used  is  a  delicate  stilet,  with  a  tiat,  ctjttitig  ex- 
tremity, and  a  small,  projecting  point  about  ^  of  an  inch 
(1  mm.)  long.  In  performing  the  operation  upon  a  rabbit, 
the  head  of  the  animal  is  firmly  held  in  the  left  hand,  and 
the  skull,  is  penetrated  in  the  median  line,  just  behind  the 
superior  occipital  protuberance.  T!ds  can  easily  be  done  by 
a  few  lateral  movements  of  the  instrument.  Once  within 
the  cranium,  the  instrument  is  passed  obliquely  downward 
and  forward,  so  as  to  cross  an  imaginary  line  drawn  be- 
tween the  two  auditory  canals,  until  it^  point  reaches  the 
basilar  process  of  the  occipital  bone.  The  point  then  pene- 
trates the  medulla  oblongata,  between  tlie  roots  of  the  audi- 
tory nerves  and  the  pneumogastrics,  and  by  its  projection 
it  serves  to  protect  the  nervous  centre  from  ruore  serious 
injury  from  the  cutting  eihy^.  The  instrument  is  then  care- 
fully withdrawn  and  the  operation  is  completed*  This  ex- 
periment is  almost  painless,  and  it  is  not  desirable  to  ad- 
minister an  anicsthetic,  as  this,  in  itself,  would  disturb  the 
glycogenic  process.  The  urine  may  be  drawn  beftire  the  op- 
eration, by  pressing  the  lower  part  of  the  abdomen,  taking  care 
nut  to  allow  the  bhulder  to  pass  up  above  the  point  of  j>res8- 
ure,  and  it  will  be  found  turbid,  alkaline  and  without  sugjtr. 
In  one  or  two  hours  after  the  operation,  the  urine  will  fiavc  become  clear  and 
acid,  and  it  will  react  readily  with  any  of  the  copper-tests.    When  this  opera- 


m«ni  for  punujtttr^ 
ing  tf^  JltMtr  of  the 
Jfiurih      ventricle 


412 


USES  OF  THE  LIVER— DUCTLESS  GLANDS. 


tion  Ls  performed  without  injuring  the  adjacent  organs,  the  presence  of  i 

in  the  urine  is  tempomrv,  and  the  next  day  the  secretion  will  \mt^  retxmtt' 
to  its  normal  condition.     The  pr^jduetion  of  diabetes  in  thin  way,  in  atuiiiak 
is  important  in  its  relations  to  certain  case^  of  the  disease  in  the  bumMn 
guhject,  in  which  the  affection  is  traumatic  and  directly  attributable  to  injun 
near  the  metlulla.     lU  mechanism  u  ditHcult  to  explain.     The  irritation  i« 
not  propagated  through  the  pneumogastric  nerves,  for  the  experiment  ^c- 
ceeds  after  both  of  these  nerves  liave  been  divided  ;  ncverthelesss  the  pneamo^ 
gastrics  have  an  important  influence  upon  glycogcnesis.     If  lx>th  of  these 
nerves  be  diviiled  in  the  neck»  in  a  few  hours  or  days,  depending  upon  tfa 
length  of  Hme  that  the  animal  survives  the  operation-^  no  sugar  is  to  In."  ffrnu 
in  the  liver,  and  there  is  reason  tx>  believe  that  the  glycogenic  action  hus  bnri  I 
arreste<l.    After  divi.sion  of  the  nerves  in  the  neck,  stimulation  of  their  p*Tipk-| 
end  ends  doe^j  not  affect  the  production  of  sugar ;  but  stimulation  of  tbe  i\t 
tral  ends  produces  an  impression  which  is  conveyed  to  the  ner\'otifi  eenti^/j 
reflected  to  the  Hver  and  gives  rise  to  an  increased  production  of  sugar. 

With  regard  i 
theinflaeDGeof  the 
!«yni{iatb> 
upon       ^ 
action,  there  hiH 
been  few  if  any<*i 
|K'riments     wh^ij 
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tlietii's  aiid  irrit 
ring    vapors    pro- 
duces     tempnmn 
dialietcs;   and  ttiit] 
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form  of  a  stimulus,  to  the  liver.    It  is  for  this  reason  that  the  administration  i 
anaesthetics  .should  beavoidetl  in  all  accurate  experiments  on  glycogenic  acti 
The  following  summjiry  ex]iresses  what  is  knoim  with  regard  to  tiie  pi 
duction  of  glycogen  by  the  liver  and  its  conversion  into  sugar : 

A  substance  exists  in  the  healthy  liver,  which  is  readily  convertible  i 
sugar;  and  imismuch  as  this  is  changed  into  sugar  during  life,  the 
being  washed  away  by  the  blood  passing  through  the  liver,  it  is  proper 
c^l  it  glycogen,  or  sugar-forming  matter. 
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Tlie  liver  has  a  glycogenic  action,  which  consists  in  the  constant  forma- 
tion of  BUgar  out  of  the  glycoe^en,  the  sugar  heing  carried  away  by  the  blood 
of  the  hepatic  veins^  which  always  contains  sugar  in  a  certain  proportion. 
This  prodnotion  of  sugar  takes  place  \n  the  earnivora,  m  well  as  in  those 
ftuimals  that  take  sugar  m\d  i^tan'h  as  food  ;  and  it  is  to  a  certain  extent  in* 
dependent  of  tlie  kind  of  food  taken. 

During  hfe  the  Hver  contains  glycogen  only  and  no  sugar,  because  the 
blood  which  is  constantly  passing  through  tliis  organ  washes  out  the  sugar  as 
faiit  B^  it  is  formed ;  but  after  death  or  when  the  circulation  is  interfered 
with,  the  transformation  of  glycogen  into  sugar  continues.  The  sugar  is  not 
removed  under  these  conditions,  and  it  can  then  be  detected  in  the  subst^mee 
of  the  liver. 

The  liver  serves  as  a  receptacle  for  the  carbohydrates,  whicb,  under  nor- 
mal conditions  of  alimentation  and  nutrition,  are  all  converted  into  glycogen. 
The  glycogen  is  then  converted  into  sugar,  which  is  supplied  to  the  system 
as  the  nutritive  requirements  demand. 

In  addition  to  the  varied  uses  of  the  liver  which  have  been  described,  it  is 
thought  tJiat  this  organ  either  arrests  or  in  some  way  influences  the  condition 
of  c^»rtain  foreign  and  poisonous  substances  which  may  be  absorbed  from  the 
alimentary  canal ;  but  a  study  of  this  action  does  not  properly  belong  to 
physiology. 

Ductless  Glands. 

Certiiin  organs  in  the  body,  with  a  structure  resemljling,  in  some  regards, 
the  true  glands,  but  without  excretory  ducts,  have  long  been  the  subject  of 
physiological  speculation ;  and  the  most  extmvagant  notions  concerning  their 
uses  have  prevailed  in  the  early  history  of  physiology.  The  discovery  of  the 
action  of  the  liver,  vvluch  consists  in  moditications  in  the  composition  of  the 
blood  piissing  through  its  substance,  has  foreshadowed  the  probable  mode  of 
action  of  the  ductless  glands  ;  for  as  far  as  the  production  of  glycogen  is  con- 
cerned, the  liver  belongs  to  this  class.  Indeed,  tfie  supposition  that  the 
ductlc^ss  glands  effect  certain  changes  in  the  blood  is  now  regardcii  bv  physi- 
ologists a«  the  most  reasonable  of  the  many  theories  that  have  been  entertained 
eoncemi ug  their  uses  in  the  economy.  Under  this  idea,  these  organs  have 
lieen  called  blood-glands  or  vascuhtr  glands.  Under  the  head  of  ductless 
glands,  are  classed  the  spleen,  the  suprarenal  capsules,  the  thyroid  gland,  the 
thymus,  and  sometimes  the  pituitary  body  and  the  pineal  gland. 

Physiolooical  Anatomy  of  the  Spleen. 

The  spleen  is  situated  in  the  left  h\^:>ochondriac  region,  next  the  cardiac 
extremity  of  the  etomacb.  Its  color  is  a  dark  bluish-red  aud  its  consistence 
is  rather  soft  and  frialjic.  It  is  shaped  somewhat  like  the  tongue  of  a  do^, 
presenting  above,  a*  rather  thickened  extremity,  wiiich  is  in  relation  with 
the  diaphragm,  antl  below,  a  pointed  extremity,  in  relation  with  the  Irans- 
verse  colon.  Its  external  surface  is  convex.  Its  internal  surface  is  concave, 
presenting  a  vertical  fissure,  the  hilum,  which  gives  passage  to  the  vessels  and 
2a 
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nervoA  It  is  connected  with  the  stomach  by  the  gastro-splenic  omentum  nai 
is  still  farther  tixed  by  a  fold  of  poritoneiim  passing  to  the  diaphrHgUL  h  ii 
about  five  inches  (127  mm.)  in  length,  three  to  four  inches  (75  to  lOOmra*)  m 
breadth,  and  a  little  more  than  an  inch  ('^^  mm.)  in  thiekne^^  Its  w«t^ht  i§ 
six  to  seven  ounces  (170  to  108  grammes).  In  the  adult  it  attuing  its  man- 
mum  of  development,  and  it  diminishes  slightly  in  size  and  weight  in  old  age. 
In  early  life  it  bears  about  the  same  relation  to  the  weight  of  the  body  tm  in 
the  adult. 

The  external  coat  of  the  spleen  is  the  peritoneum,  which  is  Terr  closely  mi- 
herent  to  the  subjacent  fibrous  structure.  The  proper  ooat  is  dense  and  roast- 
ing, hut  in  the  human  subject  it  is  quite  tliin  and  somewhat  translQcent  it 
is  composed  of  ordinary  librous  tissue  mixed  with  abundant  small  fibres  of 
elastic  tissue  and  a  few  undtrii>ed  muscular  fibres. 

At  the  hiium  the  fibrous  coat  penetrates  the  substance  of  the  spleen  m 
the  form  of  sheaths  for  the  vessels  and  nerves.     The  number  of  the  shealbs  is 
the  spleen  is  equal  to  the  number  of  arteries  that  jienetrate  the  organ.    This 
membrane  is  sometimes  called  the  capsule  of  Malpighi*     The  fibroos  sheoitlui 
are  closely  adherent  to  the  surrounding  substance  but  they  are  united  to  Uk* 
Yeesels  by  a  loose,  fibrous  net- work.    They  follow  the  vessels  in  their  r 
cations  to  the  smallest  branches  and  are  lust  in  the  spleen-pulp.    B< 
the  sheath  and  the  outer  coat,  are  hands,  or  trabeeuhe,  presentmg  the  v: 
structure  as  the  fibrous  coat.     The  presence  of  elastic  fibres  in  the  traU^i  i^i^ 
can  be  easily  demonstrated,  and  this  kind  of  tissue  is  very  abundant  in  the  htr- 
bivora*     In  the  carnivora  the  muscular  tissue  is  particularly  abundant  wni 
can  be  readily  demonstrated ;  but  in  man  this  is  not  so  e^isy^  and  the  flbrw 
are  less  abundant.     These  peculiarities  in  the  fibrous  structure  are  important 
in  their  relations  to  certain  physiological  changes  in  the  size  of  * 

Its  contractility  may  \ye  easily  demonstrated  in  the  dog,  by  tlie  apju.  „  . 

a  J^anwlic  current  to  the  nerves  as  they  enter  at  the  hilom.     This  is  follownl 
by  a  prompt  and  enegetic  contraction  of  the  organ.     Contractions  may  K-  v 
dueed»  though  they  are  much  more  feeble,  by  appl dug  the  current  dr 
to  the  spleen. 

The  substance  of  the  8plt»en  is  soft  and  friable ;  and  a  portion  of  it,  tin' 
spleen-pulp,  may  l>e  easily  pressed  out  with  the  fingers  or  even  washed  a«rM 
by  a  stream  of  water.     Aside  from  the  vessels  and  nerves,  it  presents  for 
study:   1,  an  arrangement  of  fibrous  bands,  or  trabeculse^  bj  ^^'  •  '    * 
divided  into  communicating  spm^es;  2,  closed  vesicles,  called    \i 
bodies,  attached  to  the  walls  of  the  blood-vessels ;  3,  a  soft,  reddish  -  ;  - 
containing  large  numbers  of  cells  and  free  nuclei,  called  the  spleen -j "ii J j». 

FitnniH  Siructure  of  the  Spleen  ( TVff^prw /<»).— From  the  internal  fiice( 
the  investing  membrane  of  the  spleen  and  from  the  fibrous  sheath  of  the  ^ 
sela  (capsule  of  Malpighi),  are  bands,  or  tral)e€ul«e,  which,  by  their  interl 
ment,  divide  the  substance  of  the  organ  into  irregularly  shaped,  eommmii- 
eating  cavities.  These  bands  are  ^  to  ^  of  an  inch  ( 1  to  1-  7  nim. )  broaiL  and 
are  composed,  like  the  proper  coat,  of  ordinary  fibrous  tissue  with  elastic 
fibres  and  probably  a  few  non-striated  muscular  fibres.    They  pass  off  from 
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tlie  capsule  of  Malpighi  and  the  fibrous  coat  at  right  angles,  very  soon  branch, 
interlace,  and  imite  with  each  other,  bt^^oniing  snialltT  and  anialler,  nntil 
they  ineiisure  j^  to  ^  of  an  inch  (0^1  to  \r42  mm,)*  This  fibrous  net- work 
serves  as  a  support  for  the  softer  and  more  deUcate  parts, 

Malpighian  Bodies, — These  bodies  are  sometimes  called  the  sph^nic  cor- 
puscles or  glands.  They  are  rounded  or  slightly  ovoid,  about  ^  of  an  inch 
(0*5  mm.)  in  diameter,  and  are  filk^d  with  what  are  thought  to  be  lymph- 
corpuscles,  and  frt^  noelei.  The  Malpighian  bodies  have  no  investing  mem- 
brane* With  this  ililTerenee,  they  resemble  in  strncture  the  solitary  glands 
of  the  intestine.  Both  the  cells  and  the  free  nuclei  of  the  splenic  corpuscles 
bear  a  close  resemblance  to  cells  and  nuclei  found  in  the  spleen-pulp.  The 
corpuscles  are  surrounded  by  blood- 
vessels— which  send  branches  into 
the  interior,  to  form  a  delicate,  capil- 
lary plexus — and  by  what  is  thought 
to  be  a  Ipnphatie  space  or  sinus. 

The  number  of  the  Malpighian 
corpuscles  in  a  spleen  of  ordinary 
size  has  been  estimated  at  about  ten 
x\\  o  usand  ( Sap| )cy ) .  T  h  ey  are  read  i  - 
ly  made  out  in  the  ox  and  sheep 
but  are  frequf  iitly  not  to  be  disc  ov- 
ered  in  the  human  subject.  The 
occasional  absence  of  these  borlies 
constitutes  another  point  of  resem- 
blance to  the  solitary  glands  of  the 
small  intestine. 

The  Malpighian  bodies  are  at- 


Fio.  l^.'-Matpighiim  eorpwcle  of  th^  tplecn  of  the 


A,  Artery  aroutiti  whk-h  the  cfirpu»cl«'  Is  placed  ;  ti, 
n^8nf«  f»f  tlip  pulp,  ' 
^orpii^clt!  ramify Inp  . _.....j„^ .,  >,., „^_. 

tached  to  artenes  m^easurins'  -As  to  Tiujeii*ar8i>aivftr(>uncitheeorjH»»*;i«^*»tii^iyiwpti»t- 


nn^8h<»8  *»f  thv  pulp,  injected  ;  c,  th**  art*^ry  of  the 
utifpii^clt!  ramifylnp  In  the  lymptuiUo  tls^Hi**. 


^  ,  ic  slnuit. 

-f^  of  an  mch  (<J-32  to  0-42  mm.)  or 

less  in  diameter  (Sa}>iR\v)*     They  are  often  found  in  the  notch  formed  by 

the  branching  of  an  art^^ry,  but  they  usually  lie  by  the  sides  of  the  vessel* 

SpUen-pulp, — The  spleen-pulp  is  a  dark,  reddish,  semi-fluid  substance,  \\s 
color  varying  in  intensity  in  different  specimens.  It  is  so  soft  that  it  may  be 
washed  by  a  stream  of  water  from  a  thin  section,  and  it  readily  decomposes, 
becoming  Uien  nearly  fluid.  It  is  contained  in  the  cavities  bounded  by  the 
fibrous  traoeculae,  and  it  contains  itself  microscopic  bands  of  fibres  arranged 
in  the  same  way.  It  siirroonds  the  Malpighian  bo<lies  and  contains  the  termi- 
nal branches  of  the  blood-vessels,  nerves  and  lymphatics.  Upon  microscoid- 
c>al  examination,  it  presents  free  nuclei  and  cells  like  those  described  in  the  Mai- 
jKghian  bodies;  but  the  nuclei  are  here  relatively  much  more  abundant.  In 
addition  are  found,  red  blood -corpuscles,  some  natural  in  form  and  size  and 
others  more  or  less  altered,  with  pigmentary  granules,  both  free  and  en- 
closed in  cells. 

BlooiUvesseh^  Nerves  and  Lympluxtics  of  ih^  Spken.^'-The  quantity  of  blood 
which  the  spleen  receives  is  ver}'  large  in  proportion  to  the  size  of  the  organ. 
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The  gplenic  artery  is  the  largest  branch  of  the  cceliac  axig.    It  is  a  vi^ssi^i  fif  ^tfis 
siilerable  lengtli  and  is  remarkable  for  its  tortuous  course.     In  an  ob^nari-A 
by  Sappey,  in  a  man  between  forty  and  fifty  years  of  age,  the  vessel  roca^urn 
ab^jut  five  inches  {12  centimetres),  without  taking  account  of  its  deflectjoiiH; 
{tnd  a  thread  placed  on  the  vessel  so  as  to  follow  exactly  all  its  winding?  nirtt- 
nred  a  little  more  than  eight  inches  (*31  centimetres).     The  large  caliber  <jf 
this  vessel  and  its  tortuous  course  are  important  points  in  connection  tith 
the  gi'eat  variations  in  the  size  of  the  spleen  under  various  condition*  in  li   '^ 
and  disease.     The  artery  giv€*s  olf  several  bnmehes  to  the  adjiu-ent  \\>i     . 
\te  course,  and  »s  it  paases  to  the  hilum,  it  divides  into  three  or  four  hraiKhfjt, 
T^which  again  divide  so  as  to  form  six  to  ten  vessels.     These  penetrate  the  aiK 
:4m ee  of  the  spleen,  with  the  veins,  nerves  and  lymphatics,  enveloped  m 
fibrous  sheaths.     In  the  substance  of  the  spleen  the  arteries  branch  rathpr 
peculiarly,  giving  oif  many  small  ramifications  in  their  course,  generally  «t 
right  angles  to  the  parent  trunk.     These  are  accompanied  by  the  veins  until 
they  are  reduced  to  ^  or  ^  of  an  inch  (O'lVl  or  0*4'^  mm.)  in  <liamcton    Thf 
two  classes  of  vessels  then  separate,  and  the  arteries  have  attachctl  to  them  the 
corpuscles  of  Malpighi.     It  is  also  a  noticeable  fact  that  the  arteries  pits>-iiiir 
in  at  the  hilum  have  no  inosculations  with  each  other  in  the  -  " 
spleen,  so  that  the  organ  is  divided  up  into  six  to  ten  vascular 

The  veins  join  the  small  branches  of  the  arteries  in  the  spleen^palp 
jiass  out  of  the  spleen  in  the  same  sheiith.     They  anastomose  quite  freely 
their  lari^er  as  well  as  their  smaller  branches.     Their  caliber  is  estimated 
about  twice  that  of  tlxe  arteries  (Sajiiiey),     The  estimates  which  have 
the  caliber  of  tlie  veins  at  four  or  live  times  that  of  the  arteries  are  pn/ 
much  exaggeratcHl.     The  niin»ber  of  veins  emerging  from  the  j^plecn  is 
to  the  number  of  arteries  of  supply. 

By  most  anatomists  two  sets  of  lymphatic  vessels  have  been  reeognin'*!. 
the  superficial  and  the  deep.  The  suj>erficial  lymphatics  are  in  the  inventing 
membrane  of  the  spleen  and  prol>al>ly  are  connected  with  the  deep  lym- 
phatics. The  origin  of  the  deep  vessels  is  somewhat  obscure.  Lymphatic 
spaces  or  sinuses  surround  the  Malpighian  Ixwlies,  and  there  is  probably  11 
perivascular  canal -system,  the  exact  origin  of  which  is  unknown.  At 
hilum  the  deep  lymphatics  are  joined  by  vessels  from  the  surface*  The 
eels,  numbering  live  or  six,  then  pass  into  small  lymphatic  glands  and  empty 
into  the  thoracic  duct  opjiosite  the  eleventh  or  twelfth  dorsal  vertebra.  Xo 
Ivniphatic  vessels  have  been  observed  going  to  the  spleen. 

The  nerves  of  the  spleen  are  derived  from  the  solar  plexus.     They  fo 
the  vessels  in  their  distribution  and  are  enclosed  with  them  in  the 
of  Malpighi.    They  are  dii^tri bitted  ultimately  in  the  spleen-pulp,  but  ooi 
definite  is  known  of  their  mode  of  termination.     WTien  these  nerreg 
stimulated,  tlie  non-striated  muscles  in  the  substance  of  the  sph-^'^'^  •^"  thro' 
into  contraction. 

Sfjme  PiMnfii  in  the  Chemiml  Counhtution  of  the  Spleen. — ^Very  Uttl© 
been  leanied  with  regard  to  the  probable  uses  of  the  spleen  from  analyia^ 
itfi  substance ;  and  it  would  thej'efore  be  out  of  plaoe  to  discttSB  ii&  chemicul 
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constitution  very  fully.  Cholesterine  has  been  found  to  exist  in  the  spleen 
constantly  and  in  considerable  quantity,  and  the  same  may  be  said  of  uric 
acid.  In  addition,  chemists  have  extracted  from  the  substance  of  the  spleen, 
hypoxanthine,  leucine,  tyrosine,  a  peculiar  crystallizable  substance  called,  by 
Scherer,  lienine,  crystals  of  haematoidine,  lactic  acid,  acetic  acid,  butyric  acid, 
inosite,  amyloid  matter  and  some  indefinite  fatty  matters. 

Variations  in  the  Volume  of  the  Spleen. — One  of  the  theories  with  regard 
to  the  uses  of  the  spleen,  which  merits  some  consideration,  is  that  it  serves 
as  a  diverticulum  for  the  blood  when  there  is  a  tendency  to  congestion  of  the 
other  abdominal  viscera. 

It  has  been  shown  that  the  spleen  is  greatly  enlarged  in  dogs  four  or  five 
hours  after  feeding,  that  its  enlargement  is  at  its  maximum  at  about  the  fifth 
hour,  and  that  it  gradually  diminishes  to  its  original  size  during  the  succeed- 
ing twelve  hours ;  but  it  is  not  apparent  how  far  these  changes  are  important 
or  essential  to  normal  digestion  and  absorption.  Experiments  have  shown 
tliat  animals  may  live,  digest,  and  absorb  alimentary  matters  after  the  spleen 
has  been  removed,  and  this  has  been  observed  even  in  the  human  subject 
In  view  of  these  facts,  it  can  not  be  assumed  that  the  office  of  the  spleen, 
as  a  diverticulum  for  the  blood,  is  essential  to  the  proper  action  of  the  other 
abdominal  organs. 

Changes  in  the  volume  of  the  spleen  may  be  produced  by  operating  on 
the  nervous  system,  chiefly  through  the  vaso-motor  nerves.  Section  of  the 
nerves  at  the  hilum  increases  the  size  of  the  spleen  by  increasing  the  quantity 
of  blood  which  it  receives ;  and  stimulation  of  these  nerves  produces  contrac- 
tion of  the  spleen.  It  is  stated  that  stimulation  of  the  medulla  oblongata 
diminishes  the  size  of  the  spleen,  and  that  the  same  result  can  be  produced 
by  reflex  action,  stimulating  the  central  ends  of  the  pneumogastrics  or  of 
various  sensory  nerves,  provided  that  the  splanchnic  nerves  be  intact.  Start- 
ing from  the  medulla  oblongata,  the  nerve-fibres  which  influence  the  size  of 
the  spleen  pass  down  the  spinal  cord  to  the  lower  dorsal  region,  enter  the 
semilunar  ganglion  by  the  left  splanchnic,  and  are  distributed  to  the  spleen 
through  the  splenic  plexus. 

Ertirpation  of  the  Spleen, — There  is  one  experimental  fact  that  has  pre- 
sented itself  in  opposition  to  nearly  every  theory  advanced  with  regard  to 
the  uses  of  the  spleen,  which  is  that  the  organ  may  be  removed  from  a  liv- 
ing animal  and  yet  all  the  processes  of  life  go  on  apparently  as  before.  The 
spleen  is  certainly  not  necessary  to  life,  nor,  as  far  as  is  known,  is  it  essential 
to  any  of  the  important  general  functions.  It  has  been  removed  from  dogs, 
cats,  and  even  from  the  human  subject,  and  its  absence  is  attended  with  no 
constant  and  definite  changes  in  the  plienoniena  of  life.  If  it  act  as  a  diver- 
ticulum, this  is  not  essential  to  normal  digestion  and  absorption;  and  if  its 
office  be  the  destruction  or  the  formation  of  the  blood-corpuscles,  the  forma- 
tion of  leucocytes,  of  uric  acid,  cholesterine  or  of  any  excrementitious  matter, 
there  are  other  organs  which  may  perform  these  acts.  Extirpation  of  the 
spleen  is  an  old  and  a  very  common  experiment.  In  the  works  of  ^lalpighi, 
published  in  1G87,  is  an  account  of  an  experiment  on  a  dog,  in  which  the 
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gpleen  waa  destroyed  and  the  operation  was  followed  by  no  ieriodis  rmA^ 
Since  then  it  has  been  removed  so  often,  and  the  experiments  hafe  h»E  m 
universally  nepitive  in  their  results,  that  it  is  hanllv  neee^sanr  to  cite  aotkn 
ties  up«m  the  snbjecL     There  are  many  instances,  aJ&o,  in  which  it  has  heeu 
in  part  or  entirely  removed  from  the  human  subject,  which  it  is  nnneccsan 
to  refer  to  in  detail     One  of  the  phenomena  following  extirpation  of  tk- 
spleen  is  a  modification  of  the  appetite.     Gre4it  voracity  iu  animak  aft.r 
removal  of  the  spleen  was  noted  by  the  earlier  observers.     Later  experr 
ers  have  observed  this  ehange  in  the  appetite  and  have  Dot4?d  tliat  di^^ 
and  assimilation  do  not  appear  to  be  disturbed,  the  animals  becoming  ui  , 
ally  fat.     Dal  ton  has  also  observed  that  the  animals,  particularly  dog»,  mmt- 
times  present  a  remarkable  change  iu  their  disposition^  becoming  urmatiimllv 
ferocious  and  aggiessive. 

In  the  following  observation  these  phenomena  were  very  well  mai  kcU : 

The  spleen  was  removed  from  a  young  dog  weighing  twenty^two  i>*jmh 
{about  10  kilos.).  Before  the  operation  the  dog  presented  nothing  nniu^ 
either  in  his  api^tite  or  dis|>osition.  The  wound  healed  rapidly,  and  afkt 
ii?covery  had  taken  place,  the  animal  was  fed  moderately  once  a  day.  It  w»i 
noticed,  however,  that  the  appetite  was  voracious.  The  dog  bec4ime  so 
ble  and  ferocious  that  it  was  dangerous  to  approach  him,  and  it  became  ne 
sary  to  separate  him  from  the  other  animals  in  the  laboratory.  He  would 
cat  refuse  from  the  dissecting-room,  the  flesh  of  dogs,  fiBces  etc.  About 
weeks  after  the  operation,  ha\ing  been  well  fed  twenty-four  hours  before^ 
dog  ate  at  one  time  a  little  more  than  four  j^ounds  (L814  grammes)  of 
heart,  nearly  one- fifth  of  Ins  weight.  This  he  digested  well,  and  the  appeli 
was  undiminit^hed  on  the  folluwing  day.  This  dog  had  a  remarkahlv 
and  well  nourished  appearance  (Flint,  1861). 

The  above  is  a  striking  example  of  the  change  in  the  appetite 
position  of  animals  after  extirpation  of  the  spleen;  but  these  results ^ 
no  means  invariable.  In  many  instances  of  removal  of  the  spleen  from  dog*, 
the  animals  were  kept  for  several  months  and  nothing  unusual  was  obserriHL 
On  the  other  hand,  the  change  in  disposition  and  the  development  nf  nn 
unnatural  appetite  were  observed  in  animals  after  rcmo\'al  of  one  k 
These  effects  were  also  very  well  marked  in  an  animal  with  biliary  tu-  i, 
that  lived  for  thirty-eight  days.  In  the  latter  instance,  the  voracity  riul  I 
be  accounted  fur  by  the  disturbance  in  digestion  and  assimilation  ftnxlit  i 
by  shutting  1  if  the  bile  from  the  intestine;  but  these  phenomena  oiTiiiriii.^ 
after  removal  of  one  kidney  are  not  m  readily  explained. 

Cases  are  on  recoril  of  congenital  absence  of  the  spk*€»n  in  the  human  sob- 
ject,  in  wliich  no  special  phenomena  had  been  observed  during  life. 

Aside  from  certain  uses  which  are  connected  with  changes  in  its  Tolumft, 
it  is  certain  that  the  spleen  hiis  some  nOation  to  the  formation  of  th»' 
corpuscles,  both  white  and  red.    In  certain  cases  of  leuccKnili^mia,  thi  ^ 
18  in  a  condition  of  hvperplastic  enlargement    The  blood  coming  from  the 
spleen  is  peculiarly  rich  in  leucocvtes,  but  the  proportion  of  its  red  con      ' 
is  dijniuishcd.     It  may  be  that  the  spleen  destroys  a  certain  number 
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I'orpuBrles,  the  coloring  matter  being  changed  into  other  pigmentary  matters, 
hnd  that  it  also  produces  new  red  corpuscles.  After  reniovid  of  the  spleen, 
the  red  bhx^d-c^jrpuiucles  are  diminis^bed  in  number,  and  the  proportion  of 
flwicocytes  is  increased.  This  condition  continnea  for  about  six  months,  hut 
t  after  that  time,  in  dog?*,  the  marrow  of  tlie  long  bones,  which  normally  is 
yellow,  l}eeomea  red,  a^ssumiiig  the  ehameter  of  the  marrow  concerned  in  the 
formation  of  red  corpuscles,  Temimrary  diminution  of  red  eurpusclee  and 
increase  of  leucocytes  have  been  observed  in  tie  bhx>d  in  ca^es  of  extiriJation 
of  the  spleen  iu  tlie  human  suhjeot. 

Whatever  uses  the  sydeen  has  in  connection  with  the  development  of  red 
and  of  white  blmxl-corpuacles  it  shares  uitb  the  wd  marrow  of  the  bones 
and  the  so-called  lymphatic  glands. 

The  above  eitpr6686S  ftbout  all  that  is  known  with  regard  to  the  physiology 
of  the  spleen, 

Sltpearexal  Capsules. 

The  suprarenal  capsules,  as  their  name  implies,  a^e  situated  above  the 
kidneys*  They  are  small,  triangular,  flattened  bmlies,  situated  behind  the 
peritoneum  and  cajiping  the  kidneys  at  the  autcriur  purtion  of  their  superior 
ends.  The  left  capsule  is  a  little  lurger  than  tiic  right  and  is  nillier  semi- 
lunar in  form,  the  right  being  more  nearly  triangular.  Tlieir  size  and 
weight  are  very  variable  in  different  individuals.  It  may  be  stated,  as  an 
average,  that  each  capsule  weighs  about  <uie  hundred  grains  (Oo  grammes). 
The  capsules  are  about  an  inch  and  a  half  (38  mm,)  in  length,  a  little  less  in 
width,  and  a  little  less  than  one*fourth  of  an  inch  (04  mm,)  in  thickness. 

The  weight  of  the  capsules,  in  proportion  to  the  weight  of  the  kidneys, 
presents  great  variations  at  ditfcrent  periods  of  life.  They  are  relatively  mnch 
larger  in  the  fa»tus  than  after  birth.  They  are  easily  distinguished  iu  tlje 
fuptus  of  two  months ;  at  the  end  of  the  third  month  they  are  a  little  larger 
and  hea\'ier  than  tlie  kidneys;  they  are  e<puii  in  size  to  the  kidneys — though 
a  little  lighter — at  four  months ;  and  at  the  beginning  of  the  sixth  month 
they  are  to  the  kidneys  im  two  to  five  (Meckel).  In  the  fcetns  at  term  the 
proportion  is  as  one  tu  three,  and  in  the  adult,  as  one  to  twenty-three. 

The  color  of  the  capsules  is  whitish-yellow.  They  are  completely  cov- 
ered by  a  thin,  fibrous  coat,  which  penetrates  their  interior,  in  the  form  of 
trabecula*.  Upon  section  they  present  a  cortical  and  a  medullary  substance. 
The  cortex  is  yellowish  and  ^ij  to  ^  of  an  luch  (1  to  2  mm.)  in  thicknesjd.  It 
surrounds  the  caj>side  conifdetely  anil  constitutes  about  two-thirds  of  its  sub- 
stance. The  medullary  substance  is  whitish,  'very  vascular,  and  is  remark- 
ably prone  to  decoiuposition,  so  that  it  is  <lcsirable  to  titudy  the  anatomy  ^f 
these  bodies  in  specimens  that  are  perfectly  fresh. 

Cor  I  mil  SidiMfante,— The  cortical  Rul)stance  is  divided  into  two  layers. 
The  exteriuil  layer  is  pale-yellow  and  is  cuuifiosed  of  closed  vesicles,  rounded 
or  ovoid  in  form,  containing  an  albnunnoid  tluid,  cells,  nuclei  and  fatty  gh>b- 
ules.  This  laver  is  very  thin.  The  greater  fiart  uf  the  cortical  substance  is  of 
a  reddish-brown  color  and  is  composed  eitber  of  closed  tubes  containing 
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cells  or  of  columns  of  c^lls  surrounded  by  delicate,  fibrous  tTabeeaij&    (b 
making  thin  elections  through  the  cortical  substance  prenously  hunlmed  m 
chromic  acid  and  rendered  clear  by  glycerine,  rows  of  cells  are  seen^  v^nwupi 
with  great  regularity,  and  extending,  apparently,  from  the  iiiTcstiiig  mttsh 
brane  to  the  medullary  substance.     The  cells  appear  to  be  enclosed  in  IwIjn 
me4i8uring  yy^^j  to  yj^  of  an  inch  {2^  to  80  ^)  in  diameter.     They  an*  ^t^ 
ular,  with  a  distinct  nucleug  and  nucleolus  and  a  variable  numW  * 
globules.     They  measure  j^^  to  jj^  of  an  inch  (14  to  25  /i)  in  dii^s 
Between  the  rows  of  cells  of  the  cortical  substance^  are  bands  of  ftliroii*  n 
connectetl  with  the  inve*iting  niemliriine  uf  the  capsule- 

MetltiUartf  StfMance.—The  medullary  substance  is  much  paler  and  mat^ 
transjiarent  than   the  cortex.      In  itA   centre   are   openings   whicJi  nurk 
the  pa8«4ige  of  its  venous  sinuses*     It  is  penetrate<l  in  every  direction  h\ 
delicate  bands  of  fibrous  tissue,  which  enclose  blocMl*vesseK  nerves,  aii«i 
gated,  closed  \*i?sicle8  containing  cells,  nuclei  and  granular  matter.    Thwc 
vehicles,  which  are  ^  of  an  inch  (0-32  mm.)  long  and  about  J^^  of  an 
(64 /i)  broad,  have  l>een  demonstrated  in  the  ox  and  in  the  human  ? 
The  cells  in  the  human  subject  are  ^-^Vir  ^^  tWi^^^  ^'^  '^*^^  i^^  ^  *^^^/*J 
diameter.     They  are  isfilate<i  with  difhculty  and  are  very  irregular  in 

form.     Tlie  nuclei  measure  about  j^ 
an  inch  (lU  fi).     The  medullary  substance  U 
peculiarly  rich  in  vessels  and  ncncin, 

Veniteh  ami  Xrnm. — The  blood-TOBiia 
going  to  the  suprarenal  capsuleid  afe  Ten 
abundant  and  are  derived  from  the  aoi 
the  phrenic  artery^  the  ctBltac  axis  and 
renal  artery.  Sometimes  Jis  many  as  tweni^ 
distinct  ve^ssek  penetrate  eacli  capsule.  In 
the  cortical  substance  the  capillanee  are  ar- 
ranged in  elongated  meshe^  aici 
freely  and  surrounding  the  tuk- 
l^enetrating  them.  In  the  medullary 
stance  the  meshes  are  more  rounded, 
here  the  vessels  form  a  very  rich  capi 
plexus.  Two  large  veins  |ia^  out,  to  i*nj 
on  the  right  side,  into  the  vena  cava,  and 
the  left,  into  the  renal  veiiL  Other 
veins  empty  into  the  vena  cava,  the 
;*«!<!  the  phrenic  veins. 

The  nerves  are  very  abundant  and  ir« 
dcrivetl  from  the  semilunar  ganglia,  the 
nal  plexus,  the  pneumogastric  and  tiie  phi 
ic.  Kolliker  counted  in  the  human  subj 
thirty-three  nervous  trunks  entering 
right  suprarenal  capsule.  The  nerves  p 
ably  pass  directly  to  the  medullary  substance,  but  here  their  mode  of  di 
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bution  is  unknown.     In  the  medullary  substance,  however,  there  are  two 

i^ganglia  situated  close  tn  the  eentnil  vein. 

Nothing  is  known  of  lymphaties  in  the  suprarenal  eapsules,  and  the  exist- 
ence of  such  vessels  is  doubtful. 

Chf^mical  Reactions  of  tht'  Sttprcrenal  i'apfntha. — Yulpian  hst^s  dc^eribed 

F(1850),  in  the  medullary  portion  of  the  suprarenal  capsule^?,  a  peculiar  sub- 
stance, soluble  in  water  and  in  alcohol,  which  gave  a  greenish  reaction  with 
the  siilts  of  iron  and  a  peculiar  rose-tint  on  the  addition  of  iodine.  He 
could  not  determine  the  siime  reatlion  with  extract.s  froni  any  other  parts. 
Later,  in  conjunction  with  Cloez,  he  discovered  hippnric  and  taurocholic 
acid  in  the  capsules  of  some  of  the  herbivora.  These  brxlicij  contain  in 
addition,  leucine,  hypoxanthine,  tanrine,  fats  and  inorganic  salts,  the  latter 
chiefly  phosphates  and  salts  of  potassium. 

The  suprarenal  ciip Rules  are  not  essential  to  life-  If  care  be  taken  to 
avoid  injury  of  the  semihmar  ganglia,  they  may  be  removed  from  animalB 
and  the  oj>eration  apparently  luis  no  remote  effects.  In  Addison's  disease,  a 
disi»rder  attended  with  bronzing  of  the  skin  and  serious  and  tinally  fatal  dis- 
order of  nutrition,  there  usually  is  disorganization  of  the  suprarenal  capsules, 
but  this  is  not  invariable.  It  is  not  establisfied  that  disorganizatiyti  of  the 
capsules  stand;?  in  a  cansiitive  relation  tn  the  discoloration  of  the  skin  or  to 
the  constitutional  disturbance.  Investigations  into  these  disciLsed  contlitions 
have  developed  Httle  or  nothing  of  importance  concerning  the  physiology  of 
the  suprarenal  capsules* 

Thyroid  Glaxd. 

The  thvroid  gland  is  attacherl  to  the  lower  part  of  the  larynx  and  follows 
it  in  its  movements.  Its  color  is  brownish- red,  The  anterior  face  is  convex 
and  is  covered  by  certain  of  the  musgles  of  the  neck.  The  i>osterior  surface 
is  concave  and  is  applied  to  the  larynx  and  trachea-  It  presents  two  lateral 
lofjcs,  each  with  a  rounded,  tliickened  base  below,  and  a  long,  jwinted  extrem- 
ity extending  upward,  the  lobes  being  connected  by  an  isthmus  (si^e  Fig.  141, 
page  4Si4).  Each  of  these  lobes  is  about  tw^o  inches  (50  mm.)  in  length, 
three-quarters  of  an  inch  (19  mm.)  in  breatlth,  and  about  the  siime  in  thick- 
ness at  its  thickest  portion.  Tbe  istlimus  connects  tlic  lower  portion  of  the 
lateral  lobes,  covers  tlie  seccmd  and  third  tracheal  rings,  and  is  about  half  an 
inch  {VI  mm.)  wide  and  one- third  of  an  inch  (8'5  mm.)  thick.  From  the 
left  side  of  the  isthnuis,  ami  sometimes  from  the  left  lobe,  is  a  portion  pro- 
jm^ting  upward,  called  tbe  pyramid.  The  weight  of  the  thyroid  gland. 
accoi*ding  to  Sappey,  is  three  hundred  and  fifty  to  three  hundred  and  eighty 
grains  {"i'-i  to  ^4  grammes).  It  is  usually  stated  by  anatomical  writers  that 
it  is  relatively  larger  in  the  foHus  and  in  early  life  than  in  the  adult;  but 
according  to  Sappev,  its  weight,  in  proportion  to  the  weight  of  the  adjacent 
organs,  does  not  vary  with  age.  It  is  a  little  larger  and  more  prominent  in 
the  female  than  in  tbe  ntale. 

StrHvtitrt'  of  thfi  Thfjrmd  Gktnd.—ThQ  thyroid  gland  is  covered  with  a 
thin  but  resisting  coat  of  ordimiry  fibrous  tissue,  which  is  loosely  connected 
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with  the  surrounding  parts.  From  the  internal  surface  of  this  raemhiittf. 
are  fibrous  bandi^  or  trabeeulfie,  giving  off,  as  they  pass  through  the  ^lani 
secondary  trabectilEe,  and  then  subdividing  until  they  become  of  micrct^cfipi^ 
size.  By  this  arrangement  the  gland  is  divided  up  into  small^  eommuDiriit- 
ing  cells.  The  trabeculfe  contain  many  small,  elastic  fibres.  Throughorii 
the  substance  of  the  gland,  lodged  in  the  meshee  of  the  trsbeculat,  m 
rounded  or  ovoid,  closed  vesicles,  measuring  j^  to  j|^  of  an  inch  (40  u» 
100  pi).  These  are  formed  of  a  eti'ucturelesg  membrane  and  are  lined  U 
a  single  layer  of  pale,  granular,  nucleated  cells,  y^Tr  ^^  rArr  '^^  ***  ^^^ 
(8  to  12  fA)  in  diameter.  The  layer  of  cells  sometimes  line^  the  vehicle  am^ 
pletely,  sometimes  it  is  incomplete,  and  sometimes  it  is  wanting.  The  <y>ih 
t^nts  of  the  vehicles  are  a  clear,  yellowish,  slightly  viscid,  albuminoid  flmvi 
rith  a  few  granules^  pde  cells,  and  nuclei.  The  vesicle  are  arranged  in  itie 
urm  of  lobules,  and  between  tliem  are  the  gre»t  veinft- 

Ve^f^eh  and  Nerves, — The  blood-vessels  of  tbc  thyroid  gland  are  rm 
abundiint,  this  organ  l>Ging  supplied  by  the  superinr  and  inferior  thrrokl 
arteries  and  sometimes  by  a  branch  from  the  inuominata.  The  arteries 
break  up  into  a  close,  capillary  plexus,  surrounding  tiie  vesicles  with  a  riA 
net- work,  but  never  iTtenetmting  their  interior.  The  vei»w  are  larger  and 
like  the  hepatic  veins,  they  are  so  closely  adherent  to  the  BUTTTrantting 
tbat  they  do  not  collapse  when  cut  acro^.  The  veins  emerging  from 
gland  form  a  plexus  over  its  surface  and  the  surface  of  the  trachea,  and 
then  go  to  form  tbe  superior,  miildle  and  inferior  th^Toid  veins.  The  nej 
are  derived  from  the  pneumogastrics  and  from  the  cervical  Bvmpathetic  gm- 
glia.  The  lymphatics  are  abundant  but  are  difficult  to  inject.  The  cxsirt 
distribution  of  the  nerves  and  the  origin  of  the  lympliatio^  are  not  well  nn- 
derstood. 

What  little  is  known  with  regard  to  the  chemical  constitution 
thyroid  gland  is  embodied  in  the  stiUement  that  it  contains  leucine,  xantlii 
lactic  acid,  succinic  acid  and  some  volatile  fatty  acids.    The  bl<N»d  ut 
thvroid  veins  has  been  analyzed,  but  the  changes  in  its  composition  in  fia 
ing  through  the  gland  are  slight  and  indefinite.     It  has  been  asiserted  t 
one  of  the  uses  of  the  thyroid  gland  is  to  regulate  the  blmxl -circulation  in 
bruin,  but  the  observations  in  support  of  this  view  are  not  very  satu^actoi 

Mtfxmdemn, — Important  facts  have  lately  been  developed  showing  a 
nection  between  the  thyroid  gland  and  a  disease  characterized  by  infiltrat 
of  the  connective  tissues  with  a  gelatinous  substance  containing  ronci] 
This  diseiise  has  been  described  by  Ord,  under  the  name  of  myxoedema. 
is  attended  with  marked  impairment  of  the  menta]  faculties,  and  ;» 
like  cretinism.     This  is  usually  dissociated  with  disease  of  the  th\T«'.     _ 

Complete  excision  of  the  thyroid  gland  in  the  human  subject  has 
followed  by  the  peculiar  mental  condition  characteristic  of  cretinism, 
the  lower  animals  the  operation  of  complete  extirpation  is  fatal.     The 
periments  of  Horsley,  nix»n  dogs  and  monkeys,  show  great  differenoes  in 
results,  depending  upon  age.     In  young  animals  death  usually  oecure  in^ 
few  days,  w  hile  old  animals  survive  the  operation  four,  five,  or  six  mon 
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As  far  as  could  be  ascertained  from  these  experiments  upon  the  lower  ani- 
mals— dogs  and  monkeys — the  conditions,  including  the  mental  phenomena, 
resembled  those  observed  in  cases  of  myxedema  in  the  human  subject,  The 
animals  operated  upon  were  found  to  be  exceedingly  sensitive  to  cold.  If  put 
in  a  hot-air  bath  at  a  temperature  of  105°  Fahr.  (40'5°  C.)  after  the  general 
symptoms  made  their  appearance,  the  animals  could  be  kept  alive  for  several 
months,  llorsley  described  the  symptoms  in  monkeys,  after  three  to  seven 
weeks,  as  "  commencing  hebetude  and  mucinoid  degeneration  of  the  connect- 
ive tissues,"  and  after  five  to  eight  weeks,  "  complete  imbecility  and  atrophy 
of  all  tissues,  especially  muscles." 

It  is  difficult  to  draw,  from  these  observations,  absolutely  definite  conclu- 
sions with  regard  to  the  physiological  relations  of  the  thyroid  gland.  This 
organ  seems  essential  to  life,  and  its  removal  profoundly  aflfects  the  general 
processes  of  nutrition.  It  influences  the  quantity  of  macine  in  the  body,  but 
precisely  in  what  way,  it  is  difficult  to  determine. 

Thymus  Gland. 

In  its  anatomy  the  thymus  resembles  the  ductless  glands,  but  its  office, 
whatever  this  may  be,  is  confined  to  early  life.  In  the  adult  the  organ  is 
wanting,  traces,  only,  of  fibrous  tissue  with  a  little  fat  existing  after  puberty 
in  the  situation  previously  occupied  by  this  gland.  As  there  never  has  been 
a  plausible  theory,  even,  of  the  uses  of  this  organ,  the  existence  of  which  is 
confined  to  the  first  two  or  three  years  of  life,  it  seems  necessary  only  to  give 
a  brief  sketch  of  its  structure. 

The  thymus  appears  at  about  the  third  month  of  foetal  life  and  gradually 
increases  in  size  until  about  the  end  of  the  second  year.  It  then  undergoes 
atrophy  and  it  disappears  almost  entirely  at  the  age  of  puberty.  It  is  situ- 
ated partly  in  the  thorax  and  partly  in  the  neck.  The  thoracic  portion  is  in 
the  anterior  mediastinum,  resting  upon  the  pericardium,  extending  as  low  as 
the  fourth  costal  cartilage.  The  cervical  portion  extends  upward  as  far  as  the 
lower  border  of  the  thyroid  gland.  The  whole  gland  is  about  two  inches 
(50*8  mm.)  in  length,  an  inch  and  a  half  (38  mm.)  broad  at  its  lower  por- 
tion, and  about  one-quarter  of  an  inch  (()-4  nun.)  tliick.  Its  color  is  grayish 
with  a  slightly  rosy  tint.  It  is  usually  in  the  form  of  two  lateral  lobes  lying 
in  apposition  in  the  median  line,  although  sometimes  tliere  exists  but  a 
single  lobe.  It  is  composed  of  a  number  of  lobules  held  together  by  con- 
nective tissue 

The  proper  coat  of  tlie  thymus  is  a  delicate,  fibrous  membrane  sending 
processes  into  the  interior  of  the  organ.  Its  fibrous  structure,  however,  is 
loose,  so  that  the  lobules  can  be  se])arated  with  little  diftioulty.  Portions  of 
the  gland  may  be,  as  it  were,  unravelled,  by  loosening  the  interstitial  fibrous 
tissue.  In  this  way  it  is  found  to  be  composed  of  little  lobular  masses  at- 
tiiched  to  a  continuous  cord.  This  arrangement  is  more  distinct  in  the  in- 
ferior animals  of  large  size  than  in  man.  The  lobules  are  com])osed  of 
rounded  vesicles,  ten  to  fifteen  in  number,  and  ^ItJ  ^^^  iV  ^^  ^^^^  "^<^'^i  (-^^^^ 
to  600  fi)  in  diameter.     The  walls  of  these  vesicles  are  thin,  finely  granular 
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and  very  fragile.     The  vesicles  contaiti  a  Email  quantity  of  an  albon 
fluid,  with  cells  and  free  miclei.     The  cells  are  small  and  transpaivat,  i 
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the  nuclei  ai*e  spherical,  relatively  large,  and  contain  one  to  three  nnc 
The  free  nuclei  are  jUso  rounded  and  contain  several  distinct  nucleoli,  Th 
vesicles  are  easily  ruptured,  when  their  contents  exude  in  the  form  of 
opalei4i_'ent  fluid,  which  is  sometimes  called  the  thymic  juice. 

Anatomists  are  somewhat  divided  in  their  opinions  with  regard  lo 
structure  of  the  centrai  cord  and  tlie  lobules.    Some  adopt  the  view  advanc 
by  Astley  Cooper,  that  the  cord  hiis  a  central  canal  connected  with  caritj 
in  the  lobules;  while  others  believe  that  the  cavities  thus  desorilM 
duced  artificially  by  the  processes  employed   in  anatomical   in\.. 
The  latter  opinion  is  probably  correct. 

The  blocKi* vessels  of  the  thymus  are  abundant,  but  their  caliWr  is  sum 
and  the  gland  is  not  very  viisculiu\     They  arc  derived  chiefly  from  the 
temal  mammary  artery,  a  few  coming  fitim  the  inferior  thyroid,  with  ^ 
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sional  branches  from  the  superior  diaphragmatic  or  the  pericardial.     They 
pass  between  the  lobules,  surround  and  penetrate  the  vesicles  and  form  a 
capillary  plexus  in  their  interior.     The  vesicles  in  this  respect  bear  a  certain 
resemblance  to  the  closed  follicles  of  the  intestine.    The  veins  are  also  abun- 
dant but  they  do  not  follow  the  course  of  the  arteries.     The  principal  vein 
emerges  at  about  the  centre  of  the  gland  posteriorly  and  empties  into  the  left 
brachio-cephalic.     Other  small  veins  empty  into  the  internal  mammary,  the 
superior  diaphragmatic  and  the  pericardial.    A  few  nervous  filaments  from  the 
sympathetic  surround  the  principal  thymic  artery  and  penetrate  the  gland. 
Their  ultimate  distribution  is  uncertain.     The  lymphatics  are  very  abundant. 
As  regards  its  chemical  constitution,  it  may  be  stated  in  general  terms 
that  the  thymus  contains  matters  of  about  the  same  character  as  those  found 
iu  the  other  ductless  glands. 

Inasmuch  as  the  thymus  is  peculiar  to  early  life,  one  of  the  most  impor- 
tant points  in  its  anatomical  history  relates  to  its  mode  of  development. 
This,  however,  does  not  present  any  great  physiological  interest  and  is  fully 
treated  of  in  works  upon  anatomy. 

Pituitary  Body  axd  Pixeal  Gland. 

These  little  bodies,  situated  at  the  base  of  the  brain,  are  quite  vascular, 
contain  closed  vesicles  and  but  few  nervous  elements,  and  are  sometimes 
classed  with  the  ductless  glands.  Physiologists  have  no  definite  idea  of  their 
uses. 

The  pituitary  body  is  of  an  ovoid  form,  a  reddish-gray  color,  weighs  five 
to  ten  grains  (0*324  to  0*648  grammes),  and  is  situated  on  the  sella  Turcica  of 
the  sphenoid  bone.  It  is  said  to  be  larger  in  the  foetus  than  in  the  adult,  and 
in  fa?tiil  life  it  has  a  cavity  communicating  with  the  third  ventricle.  This 
little  body  has  been  studied  by  Grandry,  in  connection  with  the  suprarenal 
capsules.  He  regarded  it  as  essentially  composed  of  closed  vesicles,  with 
fibres  of  connective  tissue  and  blood-vessels.  The  vesicles  are  formed  of  a 
transparent  membrane,  containing  irregularly  polygonal,  nucleated  cells  and 
free  nuclei.  The  nuclei  are  distinct,  with  a  well  marked  nucleolus.  Capillary 
vessels  surround  these  vesicles  without  penetrating  them.  Grandry  did  not 
observe  either  nerve-cells  or  fibres  between  the  vesicles. 

The  pineal  gland  is  situated  just  behind  the  posterior  commissure  of  the 
brain,  between  tlie  nates,  and  is  enclosed  in  the  velum  interpositum.  It  is  of 
a  conical  shape,  one-third  of  an  inch  (8*5  mm.)  in  length  and  of  nearly  the 
color  of  the  pituitary  body.  It  is  connected  with  the  base  of  the  brain  by 
several  delicate,  commissural  peduncles.  It  presents  a  small  cavity  at  its  base, 
and  frequently  it  contains  in  its  substance  little  calcareous  masses  composed 
of  calcium  phosphate,  calcium  carbonate,  ammonio-magnesian  phos})ha<e 
and  a  small  quantity  of  organic  matter.  It  is  covered  with  a  fibrous  envelope 
which  sends  processes  into  its  interior.  As  the  result  of  the  researches  of 
(jJrandry,  it  has  been  found  to  present  a  cortical  substance,  analogous  in  its 
structure  to  the  pituitary  body,  and  a  central  portion  comj)osed  of  the  ordi- 
nary nervous  elements  found  in  the  gray  matter  of  the  brain.     Its  structure 
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is  very  like    that   of   the    medullary   portion    of    the   supmreiml   C3i|«iirs 
(Grandry). 

It  is  difllicult  to  classify  organs,  of  the  uses  of  which  physiologists  are  m- 
tirely  ignorant;  but  in  structure,  the  little  bodies  jost  described  ceruial> 
resemble  the  ductless  glands. 


CHAPTER  XIV, 
NUTRITION--ASIMAL  BEAT  AXD  FORCE, 

NAtare  of  the  forces  involved  in  ootrfliofi— Life,  «e  r«)ir««etited  In  derelofytnent  mnd  trntntioo— SiihtUMii 
which  pa««  through  Uie  orgAniftni^Motftbolidiii'-StttiAtJiiicof  coiD#aiiied  in  the  ofgwaiMn  -Cnpdiflio 
which  influence  outrition— Animal  bf at  and  force— Estimated  qomtitjr  of  beat  (irodiictd  b!f  tkr  My 
— Limite  of  irariation  in  the  nonual  teaipemtoit*  In  man— Vad&tJoDii  with  pxtemal  twuygiangfg— Ttt^ 
tknw  in  different  parts  of  the  body— Variationt  at  different  period*  of  life  etr.— InftcMfkoe  of  exnrw 
etc..  upon  the  heat  of  the  bodj— Influence  of  the  nervous  pyftem  upon  the  prodactkiii  of  aniinal  tet 
theateentrea)— Mechanism  of  the  production  of  animal  beat— Eqnalixatlon  of  tbe  aniinal  lanpmlsfp- 
Beiationa  of  beat  to  force. 

NrTRiTiOK  proper,  in  the  light  in  which  it  is  proposed  to  oonsidfir  it  in 

this  chapter,  is  the  pro<:'ess  by  which  the  physiological  wear  of  the  tissues  ikiA 
fluids  of  the  body  is  compensated  by  the  appropriation  of  new  matter*    All 
uf  the  physiological  operations  that  have  thus  far  been  described,  inciudiiwj 
the  circulation  of  the  blood,  respiration,  alimentjitioii,  digestion,  abs^^^ 
and  secretion,  are  to  be  regarded  as  means  directed  to  a  single  end;  an ^ 
great  end,  to  which  all  of  tbe  functions  enumerated  are  subsernent,  is 
general  process  of  nutrition. 

The  nature  of  the  main  forces  inTolved  in  nutrition,  be  it  in  a 
organized  part,  like  the  brain  or  muscles,  or  in  a  tissue  called  extra- 
like the  cartilages  or  nails,  is  unknown.     The  phenomena  attending  the 
cral  process,  however,  have  been  careftdly  studied,  and  certain  important 
positive  results  have  been  attained ;  but  there  is  really  no  more  ^tisfactory 
explanation  of  the  nature  of  the  causative  force  of  nutrition  to  be  found  in 
the  doctrines  of  to-day  than  in  the  speculative  theories  of  the  past. 

The  blood  contains  all  the  matters  that  enter  into  the  composition  of  the 
tissues  and  secretions,  either  identical  with  them  in  form  and  com|iosation, 
as  is  tlie  ca^e  in  most  of  the  inorganic  matters,  or  in  a  condition  whirb 
admits  of  their  transformation  into  the  characteristic  constituents  of  the  t|^H 
sues,  as  in  the  organic  substances  proper.  These  matters  are  supplied  to  dPVj 
tissues,  in  the  required  quantity,  through  the  circulatory  appamtus;  and  oxj* 
gen,  which  is  immediately  indispensable  to  all  the  operations  of  life,  is  intrcK 
duced  by  respiration.  The  great  luUritive  fluid,  being  constantly  drawn  upno 
by  the  tissues  for  materials  for  their  regeneration^  is  kept  at  the  proper  .<ttand- 
ard  by  the  introduction  of  new  matter  into  the  system  in  alimentation,  jt^ 
elaborate  preparation  by  digestion,  and  its  appropriation  by  the  fluiiis 
absorption.     Many  of  these  processes  require  tbe  action  of  certain  sec 
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The  introduction  of  new  matter,  so  essential  to  the  continuance  of  the  phe- 
nomena of  life,  is  demanded,  on  account  of  the  change  of  the  substance  of 
the  tissues  into  what  is  called  effete  matter ;  and  this  is  discharged  from  the 
animal  organism,  to  be  appropriated  by  vegetables  and  thus  maintain  the 
equilibrium  between  the  animal  and  the  vegetable  kingdoms. 

It  is  a  well  established  fact  that  nearly  all  of  the  tissues  undergo  disassimi- 
lation,  or  conversion  into  effete  matter,  during  their  physiological  wear  in  the 
living  organism,  while  others,  like  the  epidermis  and  its  appendages,  are 
gradually  desquamated,  and  when  once  formed,  do  not  pass  through  any 
farther  changes.  The  whole  question  of  the  essence  and  nature  of  the  nutri- 
tive property  or  force  resolves  itself  into  vitality.  Life  is  always  attended 
with  what  are  known  as  the  phenomena  of  nutrition,  and  nutrition  does  not 
exist  except  in  living  organisms.  At  present,  physiologists  have  been  able 
to  define  life  only  by  a  recital  of  certain  of  its  invariable  and  characteristic 
attendant  conditions ;  and  yet  there  are  few  if  any  definitions  of  life — re- 
garding life  as  the  sum  of  the  phenomena  peculiar  to  living  organisms — that 
are  not  open  to  grave  objections. 

If  life  be  regarded  as  a  principle,  it  stands  in  the  relation  of  a  cause  to 
the  vital  phenomena;  if  it  be  regarded  as  the  totality  of  these  phenomena,  it 
is  an  effect. 

In  the  study  of  the  development  of  a  fecundated  ovum,  life  seems  to  be 
a  principle,  giving  the  property  of  appropriating  matter  from  without,  until 
the  germ  becomes  changed,  from  a  globule  of  microscopic  size  and  compara- 
tively simple  structure,  into  a  complete  organism  with  highly  elaborated  parts. 
This  organism  has  a  definite  form  and  size,  a  definite  period  of  existence,  and 
it  produces,  at  a  certain  time,  generative  elements,  capable  of  perpetuating 
its  life  in  new  beings.  It  may  be  said  that  an  organism  dies  physiologically 
because  the  vital  principle,  if  such  a  principle  be  admitted,  has  a  limited 
term  of  existence ;  but  on  the  other  hand,  the  fully  developed  living  organ- 
ism, called  an  animal,  presents  many  distinct  parts,  each  endowed  with 
an  independent  property  called  vital,  that  property  recognized  by  Ilaller 
in  various  tissues,  under  the  name  of  irritability;  and  it  is  the  co-ordinated 
association  of  these  vitalities  that  constitutes  the  perfect  being.  These  are 
more  or  less  distinct ;  and  a  sudden  and  simultaneous  arrest  of  the  physio- 
logical properties  in  all  the  tissues,  in  what  is  called  death,  is  not  often  ob- 
served. For  example,  the  nerves  may  die  before  the  muscles,  or  the  muscles, 
before  the  nerves.  It  is  found,  also,  that  physiological  properties,  apparently 
lost  or  destroyed,  may  be  made  to  return ;  as  in  resuscitation  after  asphyxia 
or  in  the  restoration  of  muscular  or  nervous  excitability  by  injection  of  blood. 

The  life  of  a  fecundated  ovum  is  the  property  which  enables  it  to  undergo 
development  when  placed  under  favorable  conditions;  and  by  the  surround- 
ing conditions,  its  development  may  be  arrested,  suspended  or  modified. 
The  life  of  a  non-fecundated  ovum  is  like  that  of  any  ordinary  anatomical 
element. 

The  life  of  an  anatomical  element  or  tissue  in  process  of  develoj)ment  is 
the  property  by  virtue  of  which  it  arrives  at  its  perfection  of  organization 
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and  performs  certain  defined  ofliccs,  as  far  as  its  organiz»tion  irfU  pemnl 
This  can  also  be  destroyed,  su8pended  or  modifiai  bysurrouH'^ 

The  life  of  a  perfected  anatomical  element  or  tissue  is  tht/ 
enables  it  to  regenerate  itself  and  perform  it  offices,  subject,  also,  to  modifia- 
tions  from  surrounding  conditione. 

The  life  of  a  pc*rfcct  animal  organism  h  the  sum  of  the  ritalitiei  of  hi 
constituent  parts;  but  a  being  may  live  with  the  physiological  properties  of 
certain  parts  abolished  or  seriously  raoditied,  as  a  man  exists  and  preserre 
his  identity  with  a  limb  amputated.  Life  may  continue  for  a  long  time  nih- 
out  consciousness  or  with  organs  paralyzed ;  but  certain  functions^  gucb  » 
respiration  and  circulation,  are  indispensable  to  the  nutrition  of  all  parts*  the 
properties  of  the  different  tissues  are  speedily  lost  when  these  procesaes  m 
arrested,  and  the  being  then  eease-s  to  exist 

These  considerations  make  it  evident  that  it  is  difficuU  if  not  irapr«iihli* 
to  give  a  single,  comprehensive  definition  of  life^  a  study  of  tlie  varied  pluv 
nomena  of  which  constitutes  the  science  of  physiology. 

The  general  process  of  nutrition  begins  with  the  introduction  of  mttter 
from  without,  called  food.  It  is  carried  on  by  the  appropriation  of  this  ml^ 
ter  by  the  organism.  It  is  attended  with  the  production  of  excrementiticwu 
matters  and  the  development  of  certain  phenomena  that  n?ni:iin  to  bo  -tudit^i, 
the  most  important  of  which  is  the  production  of  heat 

The  term  metabolism,  now  used  by  many  English  writer*,  ^«  *  ? 
to  become  generally  adopted.     It  wa^  employetl  by  Schwann  to    .      . 
kind  of  action  by  cells,  resulting  in  a  change  in  the  character  of  sub 
brought  in  contact  with  them-     Modern  ^Titers  use  it  m  a  translation  ".    n 
German  word  Sloffwechnel     The  literal  signification  of  the  Greek  wont 
ILtra^okri  is  change.     As  applied  to  nutritive  changes,  metabolism  is  equia* 
lent  to  assimilation ;  and  as  applied  to  the  changes  which  result  in  the 
duction  of  effete  matters,  it  is  equivalent  to  disassimilation,  a  term 
used  by  the  French,  and  one  which  well  expresses  changes  that  are  e 
the  opposite  of  assimilation.    The  signification  of  the  terra  metabolism 
likely  to  be  extended  so  as  to  inchide  the  act«  of  cells  in  the  prcwlnction  «( 
the  constituents  of  the  secretions,  a  process  which  it  is  difficult  to  express  in 
a  single  word. 

The  behavior  of  various  substances  in  nutrition  has  already  been 
of,  to  some  extent,  in  connection  with  alimentation  ;  but  certai  ;d 

tions  of  nutritive  substances  to  assimilation  remain  to  be  C(h 
convenient,  as  before,  to  dinde  these  substances  into  the  following  ci 
1,  Inorganic;  2,  organic  non-nitrogenized ;  3,  organic  nitrogenized. 
excrementitious  products  constitute  a  distinct  class  by  themselves. 

Substances  which  pass  through  the  Oroaxism. 

All  of  the  inorganic  matters  taken  in  with  the  food  pass  out  of  the  or 

ism,  generally  in  the  form  in  which  they  euter,  in  the  faeces,  urine  and 
spiration ;  but  it  must  not  be  inferred  from  this  fact  that  they  arc  not 
as  constituent  parts  of  the  body.     Some  of  these,  such  as  water  and  the  cl 


e  pf^J 

i 


SUBSTANCES  WHICH  PASS  THEOUGH  THE  ORGAKISK.    429 


rides,  have  important  uses  of  a  purely  physied  cbamcter.  It  is  necessary,  for 
example,  that  the  blood  should  eontuin  a  eertain  proportion  of  sodium  chlo- 
ride, this  subfitiince  modifying  and  regulating  the  processes  of  absorption  and 
probably  of  assimilation.  In  addition,  however,  the  chlorides  exist  as  con- 
stituent parts  of  every  tissue  and  organ  of  the  body^  and  they  are  so  closely 
united  with  the  nitrogenized  matters  that  they  can  not  be  completely  sepa* 
rated  without  incineration.  Those  inorganic  matters,  the  uses  of  which  are 
so  important  in  their  passage  through  the  b<:)dy,  are  found  largely  as  con- 
stitueiit^  of  the  fluids  and  are  less  abundant  in  the  solids.  They  are  con- 
tained in  large  proportion,  also,  in  the  liquid  excretions;  atnl  any  excess  over 
the  quantity  actually  required  by  the  system  is  thrown  off  in  this  way.  Other 
inorganic  matters  are  specially  important  as  constituent  parts  of  the  tissues, 
and  they  are  more  abundant  in  the  solids  than  in  the  fluids.  Examples  of 
Fubstances  of  this  ehiss  are  the  calcium  Siilts,  particularly  the  phosphates. 
These  are  also  in  a  condition  of  intimate  union  with  organic  matters. 

If  certain  simple  chemical  changes  he  excepted,  such  as  the  decomposi- 
tion of  the  biearbonates,  the  inorganic  constituents  of  food  do  not  necessarily 
undergo  any  moditictation  in  digestion.  They  are  generally  introduced  already 
in  combination  with  organic  matters,  and  they  accom]>any  them  in  the 
changes  which  they  pass  through  in  digestion,  assimilation  by  the  blood, 
deposition  in  the  tissues,  and  the  final  transformations  that  resnlt  in  the 
various  excrementitions  products ;  so  that  the  inorganic  sidts  are  found  imited 
with  the  organic  matter  of  the  foo<l  as  it  enters  the  body,  and  what  seem  to 
be  the  same  substances^  in  connection  with  the  organic  excrementitions  mat- 
ters. Between  these  two  coiuUtions,  buwever,  are  the  various  operations  of 
afifiimilation  and  disassimilation,  or  metabolism,  from  which  inorganic  matters 
are  never  absent. 

Inorgauk  VomtitueHts  of  the  BntJij. — The  number  of  inorganic  substances 
now  well  established  as  existing  in  the  human  body  is  about  twenty-one;  but 
some  are  found  in  small  quantities,  are  not  always  present  and  apparently 
have  no  very  important  uses.  These  will  be  passed  over  rapidly,  as  well  as 
those  which  are  so  intimately  connected  with  some  important  function  as  to 
render  their  full  consideration  in  connection  with  that  function  indispensable. 

GaseA, — The  gases  (oxygen,  hydrogen,  nitrogen,  carburet  ted  hydrogen 
and  hydrogen  monosulphide)  exist  both  in  a  gaseous  state  and  in  solution  in 
seme  of  the  fluids  of  the  bwly.  Oxygen  plays  a  most  important  part  in  the 
function  of  respiration ;  but  the  oftlce  of  the  other  gases  is  by  no  means  so 
essential.  Nitrogen  seems  to  be  formed  by  the  system  in  small  quantity  and 
18  taken  up  by  the  blotxi  and  exhaled  by  the  lungs,  except  during  inanition, 
when  the  blood  absorbs  a  little  from  ilie  inspired  air.  It  exist.s  in  greatest 
quantity  in  the  intestinid  canaL  Carburettcd  hydrogen  and  hydrogen  mono- 
sulphide,  with  pure  hydrogen,  are  found  in  minute  quantities  in  the  expired 
air  and  exist  in  a  gaseous  state  in  the  alimentary  canaL  From  the  oO'ensive 
nature  of  the  contents  of  the  large  intestine,  one  would  suspect  the  presence 
of  hydrogen  monosulphicie  in  considerable  quantity ;  but  actual  analysis  has 
shoi*!!  that  the  gas  contained  in  the  stomach  and  in  the  small  and  large  in- 
29 
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testines  is  composed  chiefly  of  aitrogen,   with  hydrogen  and  carbv 

hydrogen  in  about  equal  proportions  (five  to  eleven  |i 

but  a  trace  of  hydrogen  monosulphide.     With  the  • 

gen  and  carbon  dioxide,  the  latter  being  an  excretion,  tli<  j  not  ho 

an  important  place  among  the  constituents  of  the  orgajUMn.     .m    '' 

their  usejs,  whether  they  be  important  or  not,  are  but  little  anderi^t 

Water. — Water  exists  in  all  parts  of  tlie  body;  in  the  iiai*i 
which,  as  the  lachrymal  fluid  and  perspiration,  contain  little  else,  ati  j 
hardest  struetures,  as  the  bones  and  the  enamel  of  the  teeth.     In  the 
and  semi-solids  it  does  not  exist  as  water,  but  it  enters  into  their  compc>-. 
assuming  the  consistence  by  which  the  tissues  are  characterized. 

The  quantity  of  water  which  each  organic  substance  contains  ta  imp 
tant;  and  it  is  provided  that  this  quantity,  though  indeflnite,  shall  noli 
ceed  or  fall  below  certain  limits.  All  organs  and  tissues  must  contain  a  i 
erably  definite  quantity  of  water  to  give  them  proper  oonsistenee.  Th 
effects  of  too  great  a  proportion  of  water  in  the  system  are  well  knowTi  t 
physicians.  General  muscular  debility,  loss  of  appetite,  dropsies  and  varii^ 
other  indications  of  imperfect  nutrition  are  among  the  results  of  such  s  cod* 
dition  ;  while  a  deficiency  of  water  is  immeiliately  made  known  by  the  sena- 
tion  of  thirst,  which  leads  to  its  introduction  from  without 

The  fact  that  water  never  exists  in  any  of  the  fluids,  semi-solids  or  solid 
without  being  combined  with  inorganic  salts,  especially  sodium  chloride. il 
one  reason  why  its  proportion  in  various  situations  is  nearly  constant. 
presence  of  the^  stdts  influences,  in  the  semi-solids  at  least,  the  quantity  ( 
water  entering  into  their  composition,  and  consequently  it  regul«t«« 
consistence.     The  nutrient  fluid  of  the  muscles  during  life  contains  i 
with  just  enough  saline  matter  to  prt^erve  the  normal  consistence  of  fcbe 
parts.     This  action  of  sfiline  matters  is  even  more  apparent  in  the  case  d 
the  blood-corjiuscles.     If  pure   water  be  added  to  the  blood,  ihest  bodk* 
swell  up  and  are  finally  dissolved ;  while  on  the  addition  of  a  strong  solutton 
of  salt^  they  lose  water  and  become  shrunken  and  corrugated.     Their  nat- 
ural form  and  consistence  can  be  restored,  however,  even  after  they  hat* 
been  completely  dried,  by  adding  water  containing  about  the  proportion  of 
salt  which  exists  in  the  blood -plastna.     It  seems  clear,  then,  that  water  is  a 
a  necessary  part  of  all  tissues  and  is  especiaUy  important  to  the  proper  cchh 
stitution  of  organic  nitrogenized  substances ;  that  it  enters  into  the  con 
tion  of  these  substances,  not  as  pure  water,  but  always  in  connection 
certain  inorganic  salts ;  that  its  projiortion  is  confined  within  certain 
its ;  and  that  the  quantity  in  which  it  exists,  in  organic  nitrogenisoHi 
stances  particularly,  is  regulated  by  the  quantity  of  salts  which  enter, 
it,  into  the  constitution  of  these  substances. 

The  quantities  of  water  which  can  be  driven  off  by  a  moderate  temj 
ture  (212"^  Fahr.,  or  100^  C),  from  the  different  fluids  and  tissues  of 
body,  vary  of  course  very  considerably  according  to  the  consistence  of 
parts.     The  following  is  a  list  of  (ha  quantities  in  the  most  important  J 
and  solids  (Robin  and  Verdeil) : 
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TABLE  OF  QUANTITIES  OF  WATER. 

Parts  per  l.OOa 
f  In  the  eDamel  of  the  teeth 2 

In  epithelial  desquamation 87 

In  teeth 100 

In  bones 130 

In  tendons  (Burdach) 500 

In  articular  cartilages 550 

In  skin  (Weinholt) 675 

In  liver  (Frommherz  and  Gugert) 618 

In  muscles  of  man  (Bibra) 725 

^  In  ligaments  (Chevreul) 768 

In  the  blood  of  man  (Becquerel  and  Rodier) 780 

In  milk  of  the  human  female  (Simon) 887 

In  chyle  of  man  (Rees) 904 

In  bile 905 

In  urine 933 

In  human  lymph  (Tiedemann  and  Gmelin) 960 

In  human  saliva  (Mitscherlich) 983 

In  gastric  juice 984 

In  perspiration 986 

I  In  tears 990 

Uses  of  Water. — ^After  what  has  been  stated  with  regard  to  the  condition 
in  which  water  exists  in  the  body,  there  remains  but  little  to  say  concerning 
its  uses.  As  a  constituent  of  organized  tissues,  it  gives  to  cartilage  its  elas- 
ticitjy  and  to  tendons  their  pliability  and  toughness ;  it  is  necessary  to  the 
power  of  resistance  of  the  bones,  and  it  is  essential  to  the  proper  consistence 
of  all  parts  of  the  body.  It  also  has  other  important  uses,  as  a  solvent 
Soluble  articles  of  food  are  introduced  in  solution  in  water.  The  excremen- 
titious  products,  which  generally  are  soluble  in  water,  are  dissolved  by  it  in 
the  blood,  are  carried  to  the  organs  of  excretion,  and  are  discharged  in  a 
watery  solution  from  the  body. 

Origin  and  Discharge  of  Water. — It  is  evident  that  a  great  proportion  of 
the  water  in  the  organism  is  introduced  from  without,  in  the  fluids  and  in 
the  watery  constituents  of  all  kinds  of  food ;  but  water  is  also  formed  in  the 
body  by  a  direct  union  of  oxygen  and  hydrogen.  The  evidences  of  forma- 
tion of  water  in  the  body  have  already  been  given,  in  connection  with  the 
question  of  water  considered  as  a  product  of  excretion,  and  will  be  again  dis- 
cussed in  treating  of  the  relations  of  water  to  the  processes  of  calorification. 
In  the  discharge  of  water  by  the  kidneys  and  skin,  it  has  long  been  observed 
that  in  point  of  activity  these  two  emunctories  bear  a  certain  relation  to 
each  other.  When  the  skin  is  inactive,  as  in  cold  weather,  the  kidneys  dis- 
charge a  large  quantity  of  water ;  and  when  the  skin  is  active,  the  quantity 
of  water  discharged  by  the  kidneys  is  proportionally  diminished. 

Sodium  Chloride, — Sodium  chloride  is  next  in  importance,  as  an  inor- 
ganic constituent  of  the  organism,  to  water.  It  is  found  in  the  body  at  all 
periods  of  life,  existing  even  in  the  ovum.  It  exists  in  all  the  fluids  and  sol- 
ids of  the  body,  with  the  single  exception  of  the  enamel  of  the  teeth.  The 
exact  quantity  in  the  entire  body  has  never  been  ascertained ;  nor,  indeed, 
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has  any  accurate  estimate  been  made  of  the  quantity  contained  in  the  ?aiv 
ous  tis.'^ues,  for  all  the  elilorides  are  generally  estimated  together.  It  eiiita 
in  greatest  proportion  in  the  fluids,  giving  to  some  of  them,  as  the  tears  soti 
perspiration,  a  distinctly  saline  taste.  The  following  table  gives  the  qtiann- 
ties  found  in  some  of  the  most  important  of  the  fluids  and  solids*. 

TABLE   OF   QUAXTITIES    OF    CHLORIDES. 

PlwtfprttOOa 
In  blood,  human  (L^hmann)  . . , , . .  4'2I0 

In  chyle  (lA*hmanii) .,.,  5-310 

In  lymph  <Nas3e) * 4130 

In  milk,  human  (Li^hmann) ». O^QO 

In  saliva,  human  (Lchmann) ,.....,.,...««•«* ,.     1*530 

In  perspimtion,  human  (mean  of  three  analyses,  Piutti). .,  * , ,  8-4il3 

In  urine  (mAximum)  1  i ...............  T'ZHO 

In  urine  (mean)  ....  J'  Valentin,  s. , 4-610 

In  urine  (minimum)  J  f .,.* 2^400 

In  fa?cal  matters  (Berzcliits) 3*010 

V»es  of  Sodium  Chloride. — The  uses  of  sodium  chloride  are  undoubted] j 
important,  but  are  not  yet  fully  understood-  WhUe  it  enters  into  the  com- 
position of  the  organized  eolids  and  semi-solids,  as  an  important  and  essential 
constituent,  it  seems  to  exercise  its  chief  office  in  the  liquids  It  k  the  t«v 
dium  chloride  particularly  which  regulates  the  quantity  of  water  entering 
into  the  composition  of  the  blood -corpuscles,  thereby  preserving  their  form 
and  consistence ;  and  it  seems  to  perform  an  analogous  office  with  regard  \o 
the  other  semi-solids  of  the  body.  The  following  brief  statement  eipre^e 
the  general  uses  of  this  substance  in  the  economy : 

**  Common  salt  is  intermediate  in  certain  general  processes  and  do€6  not 
participate  by  its  elements  in  the  formation  of  organs^'  (Liebig). 

In  the  first  place,  the  fluids  of  the  body  are  generally  intermediate  in  their 
uses,  containing  nutritious  matters,  which  are  destined  to  be  ap]>ropriaied  hj 
the  tissues  and  organs,  and  excrementitious  matters,  which  are  to  be  separated 
from  the  body.     In  the  blood  and  chyle,  sodium  chloride  is  found  in  greal 
abundance.     In  the  nutrition  of  tissues  and  organs,  sodium  chloride  is 
deposited  in  any  considerable  quantity,  but  it  seems  to  regulate  the  gonei 
process,  at  least  to  a  certain  extent.     In  all  civilized  countries  Sidt  is  used 
tonsively  as  a  condiment,  and  it  undoubtedly  facilitates  digestion  by  rendi 
the  food  more  savory  and  inereai^ing  the  flow  of  the  digestive  fluids;  her^ 
likewise,  acting  simply  as  an  intermediate  agent.     There  is  nothing  more 
general  among  men  and  animals  than  this  desire  for  common  salt.     In  the 
experiments  made  by  Dailly  on  sheep  and  by  Bouasingault  on  bullocks, 
priving  these  animals  m  nearly  as  possible  of  common  salt  for  a  number 
months,  the  general  nutrition  wm  affected  without  any  marked  chimge 
special  tissues  or  organs. 

It  is  significant  that  the  quantity  of  sodium  chloride  existing  in  the  bl 
is  not  subject  to  variation,  but  that  an  excess  introduced  with  the  food 
thrown  off  by  the  kidneys.     Tlie  quantity  in  the  urine,  then,  bears  a  relatii 
to  the  quantity  introduced  with  f ood«  but  the  proportion  in  the  blood  is  nearlj 
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constant  This  is  another  fact  in  favor  of  the  view  that  the  presence  of  a 
definite  quantity  of  common  salt  in  the  circulating  fluid  is  essential  to  normal 
nntrition. 

Origin  and  Discharge  of  Sodium  Chloride. — Sodinm  chloride  is  always 
introdnced  with  food,  in  the  condition  in  which  it  is  found  in  the  body.  It 
is  contained  in  the  substance  of  all  kinds  of  food,  animal  and  vegetable ;  but 
in  the  herbivora  and  in  man,  this  source  is  not  sufficient  to  supply  the  wants 
of  the  system,  and  it  is  introduced,  therefore,  as  salt  The  quantity  which  is 
discharged  from  the  body  has  been  estimated  by  Barral  to  be  somewhat  less 
than  the  quantity  introduced,  about  one-fifth  disappearing ;  but  these  esti- 
mates are  not  entirely  accurate,  for  the  quantity  thrown  off  in  the  perspira- 
tion has  never  been  directly  ascertained.  It  exists  in  the  blood  in  connection 
with  potassium  phosphate,  and  a  certain  quantity  is  lost  in  a  double  decom- 
position which  takes  place  between  these  two  salts,  resulting  in  the  forma- 
tion of  potassium  chloride  and  sodium  phosphate.  It  also  is  supposed  to 
furnish  sodium  to  all  the  salts  which  have  a  sodium  base,  and  a  certain  quan- 
tity, therefore,  disappears  in  this  way. 

Existing,  as  it  does,  in  all  the  solids  and  fluids  of  the  body,  sodium  chlo- 
ride is  discharged  in  all  the  excretions,  being  thrown  off  in  the  urine,  faeces, 
perspiration  and  mucus. 

Potassium  Chloride. — Potassium  chloride,  although  neither  so  important 
as  sodinm  chloride  nor  so  generally  distributed  in  the  economy,  seems  to 
have  analogous  uses.  It  is  found  in  the  muscles,  liver,  milk,  chyle,  blood, 
mucus,  saliva,  bile,  gastric  juice,  cephalo-rachidian  fluid  and  urine.  It  is 
very  soluble,  and  in  these  situations  it  exists  in  solution  in  the  fluids.  Its 
quantity  in  the  fluids  has  not  been  accurately  ascertained,  as  it  has  gen- 
erally been  estimated  in  connection  with  sodium  chloride.  In  the  muscles 
it  exists,  however,  in  a  larger  proportion  than  common  salt.  In  cow's  milk, 
Berzelius  found  1*7  part  per  1,000.  Pfaff  and  Schwartz  found  1*35  per 
1,000  in  cow's  milk  and  0*3  per  1,000  in  human  milk.  Of  the  uses  of  this 
salt,  little  remains  to  be  said  after  what  has  been  stated  with  regard  to  sodi- 
um chloride.  The  uses  of  these  two  salts  are  probably  identical,  although 
sodium  chloride,  on  account  of  its  greater  quantity  in  the  fluids  and  its  uni- 
versal distribution,  is  by  far  the  more  important. 

Origin  and  Discharge  of  Potassium  Chloride, — This  substance  has  two 
sources ;  one  in  the  food,  existing,  as  it  does,  in  muscular  tissue,  milk  etc., 
and  the  other  in  a  chemical  reaction  between  potassium  phosphate  and  sodi- 
um chloride,  forming  potassium  chloride  and  sodium  phosphate.  That  this 
decomposition  takes  place  in  the  body,  is  evident  from  the  fact  that  the  in- 
gestion of  a  considerable  quantity  of  common  salt  has  been  found,  in  the 
sheep,  to  increase  the  quantity  of  potassium  chloride  in  the  urine,  without 
having  any  influence  upon  the  quantity  of  sodium  chloride.  Potassium  chlo- 
ride is  discharged  from  the  body  in  the  urine  and  in  mucus. 

Calcium  Phosphate, — This  salt  is  found  in  all  tlie  solids  and  fluids  of  the 
body.  As  it  is  always  united,  in  the  solids,  with  organic  substances  as  an 
important  element  of  constitution,  it  is  hardly  second  in  importance  to  water. 
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It  differs  in  its  uses  so  esseBtiallj  from  the  chlorides,  that  they  are  hardly  Uj 
be  compared.  It  is  insoluble  in  water,  bat  is  held  in  solution  in  tiie  fioids  of 
the  body  by  virtue  of  free  carbon  dioxide,  the  bicairbonates  and  sodium  fhl^v 
ride.  In  the  solids  and  semi-solids,  the  condition  of  ite  eristenoe  is  the  sam^ 
as  that  of  water ;  i.  e,  it  is  incorporated  with  the  organic  substiince  character- 
istic of  the  tissue,  is  one  of  its  essential  constituents,  and  e4in  not  be  coro*^ 
pletely  separated  without  incineration.  Nothing  need  be  added  here  witi 
regard  to  this  mode  of  union  in  the  body,  of  organic  and  inorganic  sul 
after  what  has  been  said  with  regard  to  water. 

The  following  table  gives  the  relative  quantities  of  calcium  pbo^hate  In 
various  situations : 


TABLE   OF   QLAXTITIES   OF   CALCIUM    PHOSPHATE. 


la  art4^al  blood.  |  p      .^^  ^^^  ^^^  J 
In  venous  blood,  f  I  . 


In  milk,  human  (Pfaff  and  Schwiirtz) .*..      8"50 

In  saliva  <  Wright)........ .      (HIO 

In  urine,  proportion  to  weight  of  ash  (Fleitmann) .  25'TO 

In  excrements  (BerzeLius) 40^ 

In  bone  (Lassaignc)  . . . -  4O0ii0 

In  the  vertebne  of  a  rachitic  patient  (Bostock) .   13<S-€D 

In  teeth  of  an  infant  one  day  old  * 

In  teeth  of  the  adult 

In  teeth,  at  eighty-one  years. . . » . . 
In  the  enamel  of  the  teeth 


Las^aigne. 


By  this  table  it  is  seen  that  calcium  phosphate  exists  in  very  small  qu 
tity  in  the  fluids  but  is  abundant  in  the  solids.  In  the  latter,  the  quanti^ 
is  in  proiK>rtion  to  tlie  hardness  of  the  structure,  the  quantity  in  enamd,  h 
example,  being  more  than  twice  that  in  bone.  The  variations  in  quantit 
with  age  are  very  considerable.  In  the  teeth  of  an  infant  one  day  old.  Last- 
saigne  found  510  parts  per  1,000;  in  the  teeth  of  an  adult,  610  parts;  and 
in  the  teeth  of  an  old  man  of  eighty-one  years,  660  parts.  This  increase  in  the 
calcareous  constituents  of  the  bones,  teeth  etc.,  in  old  age  is  very  marked ; 
and  in  extreme  old  age  they  are  dejx»sited  in  considerable  quantity  in  situa- 
tions where  there  existed  but  a  small  proportion  in  adidt  life.  The  8)'BteiD 
seems  to  gradually  lose  the  property  of  appropriating  to  itself  organic  mat- 
ters; and  although  articles  of  fwd  may  be  digested  as  well  as  ever,  the  power 
of  aasimilation  by  the  tissues  is  dimijiished.  The  bones  become  brittle,  and 
fractures,  therefore,  are  common  at  this  period  of  life,  when  dislocations  are 
almost  unknown.  Inasmuch  as  the  efficiency  of  organs  depends  mainly  opoD 
organic  matters,  the  gystem  actually  wears  out,  and  this  progressive  change 
finally  unfits  certain  jjarts  for  their  varioos  ofiices.  An  individual,  if  he 
escape  accidents  and  die  of  old  age,  passeis  away  by  a  simple  we-aring  oat  of 
some  essential  part  or  parts  of  the  organism- 

Uses  of  Calcium  Phosphate. — ^This  substance,  as  before  remarked,  entcns 
krgely  into  the  constitution  of  the  solids  of  the  body*  In  the  bones  its  officai 
is  most  apparent.     Its  existence,  in  suitable  proportion,  is  neoessaary  to  tho 
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mechanical  uses  of  these  parts,  giving  them  their  power  of  resistance  without 
rendering  them  too  brittle.  It  is  more  abundant  in  the  bones  of  the  lower 
extremities,  which  have  to  sustain  the  weight  of  the  body,  than  in  the  upper 
extremities ;  and  in  the  ribs,  which  are  elastic  rather  than  resisting,  it  exists 
in  lees  quantity  than  in  the  bones  of  the  arm. 

The  necessity  of  a  proper  proportion  of  calcium  phosphate  in  the  bones 
is  made  evident  by  cases  of  disease.  In  rachitis,  where,  as  is  seen  by  the 
table,  its  quantity  is  very  much  diminished,  the  bones  being  unable  to  sus- 
tain the  weight  of  the  body  become  deformed ;  and  finally,  when  calcium 
phosphate  is  deposited,  they  retain  their  distorted  shape. 

Origin  and  Discharge  of  Calcium  Phosphate, — The  origin  of  calcium 
phosphate  is  exclusively  from  the  external  world.  It  enters  into  the  consti- 
tution of  food  and  is  discharged  in  the  faeces,  urine  and  other  matters  thrown 
off  by  the  body.    Its  proportion  in  the  urine  is  very  variable. 

Calcium  Carbonate, — This  salt  exists  in  the  bones,  teeth,  cartilage,  internal 
ear,  blood,  sebaceous  matter  and  sometimes  in  the  urine.  It  exists  as  a  nor- 
nud  constituent  of  the  urine  in  some  herbivora  but  not  in  the  carnivora  or 
in  man.  It  is  most  appropriately  considered  immediately  after  calcium  phos- 
phate, because  it  is  the  salt  next  in  importance  in  the  constitution  of  the 
bones  and  teeth.  In  these  structures  it  exists  intimately  combined  with  the 
organic  matter,  under  the  same  conditions  as  the  phosphates,  and  it  has  analo- 
gous uses.  In  the  fluids  it  exists  in  small  quantity  and  is  held  in  solution 
by  virtue  of  free  carbon  dioxide  and  potassium  chloride. 

Calcium  carbonate  is  the  only  example  of  an  inorganic  salt  existing  un- 
combined  and  in  a  crystalline  form  in  the  body.  In  the  internal  ear  it  is 
found  in  this  form  and  has  some  office  connected  with  audition. 

TABLE  OF   QUANTITIES  OF   CALCIUM   CARBONATE. 

Parte  per  1,000. 

In  bone,  haman  (Berzelius) 113*00 

"     "  "        (Marchand) 102*00 

"      "  "        (Lassaigne) 76*00 

In  teeth  of  an  infant  one  day  old )  i   140*00 

In  teeth  of  an  adult >  Lassaigne.  \   100*00 

In  teeth  of  an  old  man,  eighty-one  years  .  )  (   10*00 

In  urine  of  the  horse  (Boussingault) 10*83 

Origin  and  Discharge  of  Calciym  Carhoyiate, — This  salt  is  introduced  into 
the  body  with  food,  held  in  solution  in  water  by  the  carbon  dioxide,  which  is 
always  present  in  small  quantity.  It  is  also  formed  in  the  body,  particularly 
in  the  herbivora,  by  a  decomposition  of  the  calcium  tartrates,  maliitcs,  citrates 
and  acetates  contained  in  the  food.  These  salts,  meeting  with  carbon  diox- 
ide, are  decomposed  and  calcium  carbonate  is  formed.  It  is  i)robable  that 
in  the  human  subject  some  of  it  is  changed  into  calcium  phosphate  and  in 
this  form  is  discharged  in  the  urine ;  but  it  has  not  been  definitely  ascertained 
when  and  how  this  change  takes  place. 

Sodium  Carbonate, — This  salt  is  found  in  the  blood  and  saliva,  giving  to 
these  fluids  their  alkalinity ;  in  the  urine  of  the  human  subject  when  it  is 
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alkaline  without  being  ammoniacal;  in  the  urine  of  the  berfoirars; 
the  lymph,  cephalo-rachidian  fluid  and  bone.  The  analtses  by  diiEerat 
chemLst^,  with  regard  to  this  substance,  are  very  con  trad  letorr,  on  acoottiit  iif 
its  formation  during  the  process  of  iuciiiemtion;  but  thero  is  no  dcMsbl  tkn 
it  is  found  in  the  above  situations.  The  ful lowing  table  girca  U»  qnuiti- 
ties  which  have  been  found  in  some  of  the  fluids  and  solids: 


TABLE  OF   QrAXTITrE.S    OF   SODIIM    CARBOKATE. 

PfertftI 

In  bjood  of  the  ox  (Mtroet) l*© 

In  lymph  (Niissi*) .....«» «....**...  Ml 

In  cephalo-rBchidian  fluid  (I^ssaigne). .  ...  (HO 

In  compact  tissue  of  the  tibia  in  a  male  of  38  years  (Valentin) ,  .  •  2iV 

In  spongy  tissue  of  the  same  (Valentin) ...  9m 

Use^  of  Sodium  Carbonate, — This  substance  :  ;ui..!ii.*v  to  nuuatatti 

the  fluidity  of  the  albuminoid  constituents  of  the  ad  it  a«sta  in  pre- 

serving the  form  and  consistence  of  the  blood-corpuscles.  Its  oflke  in  natri- 
tion  is  rather  accessory,  like  that  of  sodium  chloride,  than  essential,  like  cal- 
cium phosi>hate,  in  the  constitution  of  certain  structures. 

Orifjin  and  Dii^charge  of  Sodium  Carbonate. — This  substance  ifi  not  intro- 
laced  into  the  body  as  sodium  carbonate.,  but  it  is  formed^  as  is  caleiaa 
rbonate  in  part^  by  a  decom})06ition  of  the  malates,  tartrates  etc.,  which 
exist  in  fruils*  It  is  discharged  occasionally  in  the  urine  of  the  humaa  oib^ 
ject,  and  a  great  part  of  it  ih  decomposed  in  the  lungs,  carbon  dioxide  hdu^ 
get  free,  which  latter  is  discharged  in  the  expired  air. 

Potassium  Carbonate, — This  salt  exista  imrticularly  In  herbiroroos  ani- 
mala.  It  is  found  in  the  human  subject  under  a  vegetable  diet.  Under  th« 
heads  of  us^  origin  and  discharge,  what  has  been  said  with  regard  to  sodimn 
carbonate  will  apply  to  potassium  carbonate. 

Magnesium  Carbonate  and  Sodium  Bicarbonate. — It  is  most  eoQTenieot 
to  take  up  these  two  salts  in  connection  with  the  other  carbonates,  though 
tliey  are  among  the  least  important  of  the  inorganic  constituents  of  the 
body.  Traces  of  magnesium  carbonate  have  been  found  in  the  blood  of  moK 
and  it  exists  normally  in  considerable  quantity  in  the  urine  of  berbivora^  In 
the  human  subject  it  is  discharged  in  the  sebaceous  matter. 

Liebig  has  indicated  the  presence  of  sodium  biciirbonate  in  the  blood. 
In  this  form  a  certain  quantity  of  carbon  dioxide  is  carried  to  the  langBi  to 
be  exhaled  in  the  expired  air. 

Magnesium  PJwsphats^  Soilium  Phosphate  (neuiral)  and  Potasfium 
Phosphate, — These  salts  are  found  in  all  the  flaida  and  salida  of  the  body, 
though  not  in  a  very  large  proportion  us  compared  with  calcium  pho^ihila 
In  their  relations  to  organized  structures,  they  are  analogous  to  ddcium 
phosphate,  entering  into  the  composition  of  the  tissues  and  existing  tbftfe  ia 
a  state  of  intimate  combination.  They  are  all  taken  into  the  body  with  food« 
especially  by  the  carnivonu  in  the  fluids  of  wliich  they  are  found  in  tan 
greater  abundance  than  the  carbonates,  which  latter  are  in  great  put 
result  of  the  decomposition  by  carbon  dioxide  of  the  malatea,  tarferaleSt  < 
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lates  etc  With  respect  to  their  uses,  it  can  only  be  said  that  with  calcium  phos- 
phate they  go  to  form  the  organized  structures  of  which  they  are  necessary 
Gonstituents.    They  are  discharged  from  the  body  in  the  urine  and  faeces. 

Sodium  Sulphate^  Potassium  Sulphate  and  Calcium  Sulphate, — Sodium 
sulphate  and  potassium  sulphate  are  identical  in  their  situations  and  appar- 
ently in  their  uses.  They  are  found  in  all  the  fluids  and  solids  of  the  body 
except  in  the  milk,  bile  and  gastric  juice.  Their  origin  in  the  body  is  from 
'the  food,  in  which  they  are  contained  in  small  quantity,  and  they  are  dis- 
charged in  the  urine.  Their  chief  office  appears  to  be  in  the  blood,  where 
they  tend  to  preserve  the  fluidity  of  the  albuminoid  matters  and  the  form 
and  consistence  of  the  blood-corpuscles.  Calcium  sulphate  is  found  in  the 
blood  and  faeces.  It  is  introduced  into  the  body  in  solution  in  the  water 
which  is  used  as  drink,  and  it  is  discharged  in  the  faeces.  Its  office  is  not 
understood  and  is  probably  not  very  important. 

Ammonium  Chloride. — This  substance  has  simply  been  indicated  by 
chemists  as  existing  in  the  gastric  juice  of  ruminants,  the  saliva,  tears  and 
urine.  It  is  discharged  in  the  urine,  in  which  it  exists  in  the  proportion  of 
0*41  part  per  1,000  (Simon).  Its  origin  and  uses  are  unknown.  Various 
combinations  of  bases  with  organic  acids  taken  as  food,  as  the  acetates,  tar- 
trates etc.,  found  in  fruits,  undergo  decomposition  in  the  body  and  are  trans- 
formed into  carbonates.  In  this  form  they  behave  precisely  like  the  other 
inorganic  salts. 

Substances  consumed  in  the  Organism. 

All  of  the  assimilable  organic  matters  taken  as  food  are  consumed  in  the 
organism,  and  none  are  ever  discliarged  from  the  body  in  health  in  the  form 
in  which  they  entered.  The  matters  thus  consumed  in  nutrition  have  been 
divided  into  nitrogenized  and  non-nitrogenized  ;  and  although  they  both  dis- 
appear in  the  organism,  they  possess  certain  marked  differences  in  their  prop- 
erties and  probably,  also,  in  their  relations  to  nutrition. 

Nitrogenized  Constituents  of  the  Body  (Albuminoids),  —  The  organic 
constituents  of  the  body  are  composed  of  carbon,  hydrogen,  oxygen,  nitro- 
gen and  sulphur.  The  exact  proportions  of  these  elements  are  not  definitely 
fixed,  and  the  nitrogenized  matters  may  change  in  their  general  characters 
without  undergoing  corresponding  changes  in  their  actual  ultimate  constitu- 
tion, unless  it  be  in  the  arrangement  of  their  atoms.  They  are  coagulable 
and  non-crystallizable.  They  possess  certain  properties  in  common  with 
each  other,  which  have  already  been  described  more  or  less  fully  in  connec- 
tion with  the  physiological  history  of  the  blood,  alimentation,  the  secreted 
fluids  etc.  One  of  these  properties  is  a  tendency  to  decomposition  by  putre- 
faction, under  certain  conditions  of  heat  and  moisture.  They  also  undergo 
certain  changes  under  chemical  manipulation,  analogous  to  tliose  alrejuly 
described  as  effected  by  the  prolonged  action  of  the  pancreatic  juice.  The 
type  of  substances  of  this  class  is  the  albumen  of  white  of  egg,  and  as  a 
class,  they  are  generally  known  as  albuminoids.  Artificial  subdivisions  of 
these  substances  have  been  made  into  proteids  and  albuminoids,  the  latter 


438 


NUTRITION— ANIMAL  HEAT  AND  FOBCB. 


Mllj 

1 

ef<JH 
>  tfal 


name,  in  this  subdivisiott,  being  restricted  to  certain  albuminoids 
cloaely  resemble  proteids  but  possess  some  distinctive  characters.     I 
as  proteine  is  an  hypothetical  compound  and  the  so-called  proteids  do 
differ  mnch  from  other  nitrogenijied  substances,  it  seems  better  to  desipiiti! 
the  entire  class  as  albuminoids. 

The  so-called  proteids  are  the  albnminoid  constituents  of  the  Uood, 
lymph  and  chyle-^  and  the  characteristic  albuminoid  constituents  of  tb^  T«i- 
ons  tissues.  Thej?e  are  sometimes  called  colloids.  They  pass  throngk  mem- 
branes  with  difficulty,  or  are  very  slightly  osmotic-  In  thia  regard  tbtf  |i»- 
sent  a  striking  contrast  to  the  peptones,  which  are  Tcry  oaniotie*  pasnn^ 
easily  through  animal  membranes.  This  distinction  is  important,  and  it  lai 
already  l>een  fully  described  in  connection  with  the  phyidology  of  digotiaD 
and  absorption. 

Nitrogcnized  matters  constitute  an  important  class  of  alimeiitarT  ioV 
stance^^  and  the  corresponding  constitnents  of  the  body  are  all  originallj 
derived  from  food.  The  condition  of  existence  of  these  sobstanoea  in 
body  is  always  one  of  union  with  more  or  less  of  the  class  of  inorganic 
ters.  Nitrogenized  matters  are  found  in  all  of  the  ti^nes  and  liipiids  of 
liody,  except  the  bile  and  urine.  They  undergo  changes  in  ilige^tion  Wf< 
they  become  a  part  of  the  blood,  they  are  changed  in  the  blo(xi  into 
nitrogenized  constituents  of  this  fluid  and  are  again  changed  m  they  are  do- 
posited  in  the  tissues  in  the  process  of  nutrition.  They  are  not  diachaigBi 
from  the  body  in  health,  but  are  destroyed  or  changed  into  excrementiticNif 
matters^  chiefly  urea^  and  in  this  form  are  eliminated  in  the  excretions  An 
excess  of  these  substances  taken  as  food  is  not  discharged  in  the  fseea,  nor 
does  it  pass  out,  in  the  form  in  which  it  entered,  in  the  urine ;  but  tt  under- 
goes digestion,  becomes  absorbed  by  the  blood,  and  increases  the  quantity  tif 
nitrogenized  excrementitious  matters  discharged,  particularly  the  area.  This 
fact  is  shomi  by  the  great  increase  in  the  elimination  of  urea  produced  by 
an  excess  of  nitrogenized  food.  Whether  the  nitrogenized  matter  that  is  dxA 
actually  needed  in  nutrition  be  changed  into  urea  in  the  blcHMl,  in  the  »> 
called  luxus-consumption  process,  or  whether  it  be  appropriated  by  the  tissu^Sk 
increasing  the  activity  of  their  disassimilation,  is  a  question  difficult  to  deter- 
mine experimentally.  Certain  it  is,  however,  that  an  excess  of  nitn^gwi- 
ized  food  is  thrown  oft  in  nearly  the  same  way  as  an  excess  of  inorganic 
matter ;  the  difference  being  that  the  latter  passes  out  in  the  form  in  wbi 
it  has  entered,  and  the  former  is  discharged  in  tbe  form  of  nitrogeniaed 
erementitions  matters. 

The  nutrition  of  the  nitrogenized  constituents  of  the  i issuers  may  k^ 
modified  by  the  supply  of  new  matter.    Fot  example,  a  diet  conijn»><Ml  of  nsi 
genized  matter  in  a  readily  assimilable  form  will  undoubtedly  alTect  favomUy 
the  development  of  the  corres|>onding  tissues  of  the  body ;  and  on  the  01 
hand,  a  deficiency  in  the  supply  will  produce  a  corresponding  diminution 
power  and  development.     The  modifications  in  nutrition  due  to  supply  ha 
however,  certain  well  defined  limits.     As  regards  the  muscular  tissue^  pi 
exercise  increases  nutritive  activity,  the  development  and  power  of  miucki 
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and  the  capacity  for  muscular  work  and  endurance.  The  nutritive  aetivitj 
of  other  parts  and  organs  is  limited  and  is  not  sensibly  affected  by  an  excess 
of  nitrogenized  food. 

In  addition  to  the  albominoids  of  the  blood,  lymph,  chyle  and  secreted 
fluids,  and  those  whinh  have  been  deseribed  ns  alimentary  miitters,  the  fol- 
lowing have  been  foiiod  in  various  tissues  and  organs  of  the  body, 

Cystalline,  a  nitrogenized  substance  in  the  crystalline  lens. 

Myosine,  a  siibstimee  extracted  from  muscular  tissue,  of  which  it  is  the 
chief  nitrogenized  constituent. 

Keratine,  found  in  the  epidermis  and  its  appendages. 

Elastine,  the  nitrogenized  constituent  of  the  elastic  tissues. 

Osseine,  in  bones,  and  chondriue,  in  cartilage. 

Gelatine,  probably  not  a  normal  constituent  of  the  bmly,  but  a  substance 
formed  from  the  connective  tissues  by  prolonged  boiling  in  water. 

Certain  nitrogenized  substances  containing  phosphorus,  found  in  the 
nervous  tissues,  which  will  be  described  in  connection  with  the  chemistry  of 
the  nervous  system. 

The  changes  involved  in  nutrition,  assimilation,  or  nutritive  metabolism, 
are  apparently  dependent  uiK>n  projierties  IxOonging  to  the  nitrogenized  con- 
stituents of  the  tissues.  When  the  supply  of  new  matter  is  e<pial  to  the  de- 
structive metabolism,  the  system  is  in  what  is  called  a  condition  of  equilib- 
rium, and  the  body  neither  gains  nor  loses  in  weight.  In  growth,  the  supply 
exceeds  the  waste,  and  in  the  opposite  condition,  the  waste  exceeds  the  supply. 

Certain  liquids  and  tissues  of  the  human  body  may  be  restored  after 
their  destruction.  The  blood  and  its  corpuscles  undergo  regeneration.  Bloml- 
Yessels,  also^  may  be  regenerated,  being  developed  first  as  capillaries  and 
afterward  as  arteries  and  Yeins,  Tlie  same  is  probably  true  of  lymphatics. 
The  epidermis  and  its  a]>pendage8  and  certain  parts  of  the  true  skin  may  be 
regenerated  after  destruction.  Muscular  substance,  after  certain  kinds  of 
degeneration  in  tlisea-se,  as  in  fevers,  may  be  restored.  Portions  of  nerves 
may  be  regenerated  after  division  or  exsection.  A  divided  tendon  may  become 
reunited  by  connective  tissue.  Portions  of  cartilage  or  bone  may  be  regen- 
erated, if  the  perichondrium  or  the  perioBteum  renuiiu  int^iet.  When  wounded 
or  lost  {varts  are  not  absolutely  restored,  the  divided  tissue  is  reunited  or  the 
lost  tissue  is  supplied  by  what  is  called  cicatricial  connective  tissue. 

Xon-NiiroffeNized  Const  if  ftt*}tL'i  of  the  Bodf/.—Viider  the  head  of  alimen- 
tation, the  geneml  properties  of  non-nitrogcnized  matters  (starch,  sugars 
and  fats)  have  been  fully  descril>ed.  These  are  important  constituents  of 
food,  but  in  themselves  they  are  incapabk!  of  supporting  life.  They  are 
introduced  as  food,  liut  are  destroyed  in  the  organism  and  are  never  dis- 
charged from  the  body  in  health  in  the  form  in  which  they  entered. 

The  carbohydrates  (starch  and  sugars)  are  all  converted  into  glucose  in  di- 

ition.  As  glucose  they  are  taken  up  by  the  blood  and  carried  to  the  liver, 
where  they  are  in  great  part  and  j*rubaldy  entirely  converted  into  glycogen. 
The  glycogen  thus  formed  is  stored  up  in  tlie  liver  and  is  gradually  transformed 
into  animal  sugar,  wiiich  passes  into  the  blood  slowly  and  gradually,  and 
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promptly  disappears  as  sugar,  usually  in  tho  passage  of  the  blood  throiich 
the  lungs.  In  addition  to  the  glycogen  formed  from  t!ie  carbohydrjit<^  of 
food,  the  liver  is  eapable  of  forming  glycogen  from  other  Bubf^tanci'^  itj  b 
shown  by  the  presence  of  glycogen  in  the  liver  of  caruivorous  animalg.  It  i§ 
probable  that  the  glycogen  thufs  produced  is  formed  from  albuminoid  matUfi 
and  not  from  fat^.  The  exact  mechanism  of  the  destruction  of  (.^^irbohydimtei 
in  the  organism  has  not  been  fully  understood,  although  it  ia  admitted  thit 
the^e  substance  ai'e  important  factors  in  the  production  of  animal  heat.  The 
prciscnce  of  alcohol  in  very  small  quantity  in  the  normal  blixid  has  been 
demonstmted  by  Ford  (1872).  If  this  be  admitted — and  the  aecttnicy  of  tli6 
observations  by  Ford  seems  to  have  been  absolute — ^it  is  reasonable  to  sojK 
pose  that  the  small  quantity  of  sugar  constantly  discharged  into  the  blood  by 
the  liver  is  converted  into  alcohol,  which  is  promptly  oxidized,  bein^  Con- 
verted into  carbon  dioxide  and  m  ater.  The  carbohydrates,  in  contributing  Ui 
caloritication,  are  very  important  in  saving  deatructicm  of  the  albuminuid 
constitnents  of  the  body.  In  this  process  the  carbohydrates  and  the  fats;  at'l 
together  and  in  the  same  way;  and  in  tliis  aotiou  they  are  capable  of  Biuta- 
ally  replacing  each  other. 

The  fats  tjikeo  as  fixxi  are  either  consumed  in  the  organism  or  are  de- 
posited in  the  form  of  atUpo^ie  tissue.  That  the  fats  are  consumed,  there  c«n 
be  no  doubt;  for  in  the  normal  alimentation  of  man,  fat  is  a  constant  artii*k 
and  it  is  never  dii^charged  from  the  body.  For  a  time*  during  absorptioo, 
fat  may  exi.st  in  certain  quantity  in  the  blood ;  but  it  soon  disappears  and  if 
either  destroyed  directly  in  the  circulatory  system  or  is  dejiosited  in  the  foim 
of  adipose  tissue  to  supply  a  certain  quantity  of  this  substance  consurarf* 
That  it  may  be  destroyed  directly,  is  proved  by  the  consum[itton  of  fat  in 
instances  where  the  quantity  of  adipose  matter  is  insignificant;  and  that  tlie 
adipose  tissue  of  the  organism  may  be  consumed,  is  shown  by  its  rapid  di*- 
appearance  in  starvation. 

Formation  and  Deposition  of  Fat. — The  question  of  the  formation  of  fat 
in  the  economy  is  one  of  great  importance.  Whatever  the  exact  naCmvejif 
the  changes  accompanying  the  destniction  of  non-nitrogen ized  matters  miy 
be,  it  is  certain  tluit  the  fat  stored  up  in  the  body  is  eottsumed,  when  thtt« 
is  a  deficiency  in  any  of  the  constituents  of  food,  as  well  as  that  which  d 
taken  into  the  alimentary  canal.  It  is  rendered  probable,  indeed,  by  tho  ff« 
experiments  that  have  been  made  upon  the  subject,  that  obesity  increases  tlie 
power  of  resistance  to  inanition.  At  all  events,  in  starvation,  the  fatty  con- 
stituents of  the  body  are  the  first  to  be  consumed,  and  they  almost  entirdy 
disappear  before  death.  Sugar  is  never  deposited  in  any  part  of  the  orgstfi- 
ism,  and  it  is  merely  a  temporary  constituent  of  the  blood*  If  the  sagnr? 
and  fats  liave,  in  certain  regards,  similar  relations  to  nutrition,  and  if,  in  addi- 
tion to  ihu  mechanical  uses  of  fat,  it  maybe  retained  in  the  organism  for  ti><' 
under  extraordinary  conditions,  it  becomes  Important  to  ascertain  the  nuev'b- 
anism  of  its  production  and  deposition. 

The  production  of  fatty  matter  by  certain  insects,  in  exce.ss  of  the  tat 
supplied  with  the  food,  was  estjiblished  long  ago  by  the  researches  of  Hubef| 
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and  analogous  obeervations  have  been  made  upon  birds  and  mammals,  by 
.ik>us§ingault.  Under  certain  eonditions  more  fat  exists  in  the  bodies  of  ani- 
mals than  can  be  acconnted  for  by  the  total  ciuantity  of  fat  taken  as  food 
added  to  the  fat  existing  at  birth.  In  experiment*  with  reference  to  th©  in* 
fluence  of  different  kinds  of  fotKl  ujKin  the  development  of  fat,  it  has  been 
^•Rcertained  that  fat  ran  be  prcKluced  in  animals  upon  a  regimen  Bufficiently 
nitrogenized  but  deprived  of  fatty  nnitters ;  but  the  fact  should  be  recognized 
that  '*  the  nutriment  whicli  produces  the  most  rapid  and  pronounced  fatten- 
ing is  preci.aely  that  whieii  joins  to  the  proper  proportion  of  albuminoid  sub- 
stances the  greatest  pioporttun  of  fatty  matters"  (Bousaingault). 

There  can  be  no  tloubt  with  regard  to  the  formation  of  fat  in  the  organ- 
ism from  albuminoid  matters.  Where  an  excess  of  such  mattere  is  taken  as 
iJood,  it  is  probable  that  the  albuminoid  substance  is  decomposetl,  and  that  a 
part  of  it  is  either  deposited  as  fat  or  is  oxidized  into  carbon  dioxide  and 
water,  and  a  part  is  discharged  from  the  body  in  the  form  of  urea* 

Theoretical  considemtions  point  to  starch  and  sugar  as  the  constituents 
of  food  most  easily  convertible  into  fat,  as  they  contain  the  siime  elements, 
though  in  different  proportions ;  and  it  is  more  than  probable  that  this  view 
is  correet.  It  is  said  that  in  sugar-growing  sections,  during  the  time  of 
grinding  the  cane,  the  laborers  become  excessively  fat^  from  eating  large 
quantities  of  saccharine  matter;  and  although  there  are  no  exact  scientific* 
observations  upon  this  point,  the  fact  is  generally  admitted  by  phvsiologists- 
Again,  it  has  been  frecjuently  a  matter  of  individual  experience  that  sugar 
and  starch  are  favorable  to  the  deposition  of  fat,  espetriaHy  when  there  is  a 
constitutional  tendency  to  obesity,  Carboljydrates  added  in  quantity  to  a 
nitrogenized  diet  favor  the  formation  of  fat.  The  fat  may  be  formed  from 
the  carbohydrates  either  directly  (Lawes  and  Gilbert)  or  indirectly.  If 
formed  indirectly,  it  is  probable  that  the  carbohydrates  are  oxidized  into  car- 
bon dioxide  and  water,  and  that  this  saves,  to  a  certain  extent,  destruction  of 
albuminoids.  The.  albuminoids  are  8plit  up  into  fata,  which  are  deposited 
in  the  body,  and  into  urea. 

Fatty  degeneration  occurs  in  tissues  during  certain  retrograde  processes. 
The  muscular  fibres  of  the  uterus,  during  the  involution  of  this  organ  after 
parturition,  become  filled  with  fatty  graimlations.  Long  disuse  of  any  part 
will  prmiuce  such  changes  in  its  power  of  appropriating  nitrogenized  matter 
for  its  regeneration,  that  it  &oon  becomes  atrophied  and  altered.  A  portion  of 
the  nitrogenized  constituents  of  the  tis-sue,  under  these  conditions,  is  changed 
into  fatty  matter*  The  fat  is  here  inert,  and  it  take^  the  place  of  the  sub- 
stance that  gives  to  the  part  its  characteristic  properties.  These  changes  are 
observed  in  muscles  and  nerves  that  have  Ijcen  long  ilisnsed  or  paralyzed. 
If  the  change  be  not  too  extensive,  the  fat  may  be  made  to  disappear  and 
the  part  will  return  to  its  normal  constitution,  under  appropriate  exercise; 
but  frequently  the  alteration  has  proceeded  so  far  as  to  be  irremediable  and 
permanent. 

It  is  difficult  to  explain  the  tendency  to  obesity  observed  in  some  indi- 
TiduaU,  which  is  very  often  hereditary*     Such  persons  will  become  fat  upon 


443 


yUTRinON^ ANIMAL  HEAT  AND  FORCE, 


a  comparatively  law  diet,  while  others  deposit  but  little  adipose  matter,  er^n 
when  the  regimen  is  abundant.  It  is  to  be  noted,  however,  that  the  formef 
are  generaDy  addicted  to  the  use  of  starchy,  saccharine  and  fatty  articlei  of 
food,  while  the  latter  consume  a  greater  proportion  of  nitrogenized  matter. 
It  is  not  an  uncommon  remark  that  the  habit  of  taking  large  quantitiei  M 
liquids  favors  the  formation  of  fat ;  but  it  is  not  ea^y  to  find  any  seienlifif 
basis  for  such  an  opinion*  The  formation  of  fat  by  any  particular  organ  «if 
organs  in  the  body  has  not  been  determined. 

Condi f ion  under  which  Fat  exists  in  ths  Organism, — ^It  is  said  that  fat, 
combined  with  phosphorus,  is  united  with  uitrogenizetl  matter  in  the  sob- 
stance  of  the  nervous  tissue ;  but  its  condition  here  is  not  well  under 
A  small  quantity  of  fat  is  contained  in  the  blood-corpuscles  and  is  held  i 
solution  in  the  bile ;  but  with  these  exceptions,  fat  alwaj's  exists  in  the  \ 
isolated  and  uu  combined  with  nitrogenized  matter,  in  the  torra  of  grano 
or  globules  and  of  adipose  tissue.  The  three  varieties  of  fat  (stearine,  palim* 
tine  and  oleine)  are  here  combined  in  different  proportions,  which  is  tli» 
cause  of  the  diiferences  in  its  consistence  in  different  situations. 

Physiolngiml  Anatomg  of  Adipose  Tissue, — ^Adipoae  tissue  b  foimd4 
abundance  in  the  interstices  of  the  subcutaneous  areolar  tissue,  where  tl| 
sometimes  known  as  the  panniculus  adijiosus.  It  is  not,  however,  to  be^ 
foundeil  with  the  so-called  cellular  or  areolar  tissue,  and  is  simply 
with  it  without  being  one  of  its  essential  parts;  for  the  areolar  tisstse  ii 
abundant  iu  certain  situations,  as  the  eyelids  and  scrotum,  where  there  is  no 
adipose  matter,  and  adipose  tissue  exists  sometimes,  as  in  the  marrow  of  thi^ 
bones,  without  any  areolar  tissue. 

Adipose  tissue  is  widely  distributed  in  the  body  and  has  important  me- 
chanieal  uses.  Its  anatomical  element  is  a  rounded  or  ovoid  vesicle,  ih  *^ 
J  J-^  of  an  inch  (30  to  80  /*)  in  diameter,  composed  of  a  delicate,  structareleti 
membrane,  f-s^inft  ^^  ^^  ^^^'^  i^  f)  thick,  enclosing  fluid  contents.  Tbv 
memhmne  sometimes  presents  a  small  nucleus  attached  to  its  inner  surfac*^ 
The  contents  of  the  vesicles  are  a  minute  quantity  of  an  albuminoid  flniil 
moistening  the  internal  surface  of  the  membrane,  and  a  mixture  of  oleine, 
I>almitine  and  stearine,  nearly  liquid  at  the  temperature  of  the  body  but 
becoming  harder  on  cooling.  Little  rosettes  of  acicular  crystals  of  jialmitinc 
are  frequently  observed  in  the  fat-vesicles  at  a  low  temperature.  The  quan- 
tity of  fat  in  a  man  of  ordinary  development  equals  about  one-twentieth  wf 
the  weight  of  tiie  body  ((*ari>enter).  The  adipose  vesicles  are  collected  iiit» 
little  lobules,  ^^  to  J  of  an  inch  (1  to  6  mm,)  in  diameter,  which  are  eor- 
rounded  by  a  rather  wide  net- work  of  capillary  blood-vessels.  Close  examini* 
tiun  of  these  vessels  shows  that  they  frequently  surround  individual  fat^^lh) 
ill  the  form  of  single  loops.  There  is  no  distribution  of  nerves  or  lympba 
to  the  elements  of  adipose  tissue. 

CondiUons  which  infiuenee  NutriHoH. — Phvsiologists  know  more  coih 
ceming  the  conditions  that  influence  tlie  general  process  of  nutrition  thsu 
about  the  nature  of  the  process  itself.  It  will  be  seen,  for  example,  in  studyiag 
tlie  nervous  system,  that  there  are  nerves  which  regulate,  to  a  certain  exteat. 
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the  nutritive  forces.  This  does  not  imply  that  nutrition  is  effected  through 
the  influence  of  the  nerves,  but  it  is  the  fiw^t  that  certain  nerves,  by  regulat- 
ing the  BUpply  of  blood,  and  perhaps  by  other  influences,  are  capable  of 
modifying  the  nutrition  of  parts  to  a  very  considerable  extent. 

As  regartls  tlie  influence  of  exercise  upon  the  development  of  purti?,  it  has 
been  shown  that  this  is  not  only  desirable  but  indispensable;  and  the  proper 
performance  of  the  offices  of  nearly  all  parts  involves  the  action  of  the  nerv- 
ous system.  It  is  true  that  the  separate  parts  of  tlie  organism  and  the  organ- 
ism as  ft  whole  have  a  limited  existence;  but  it  is  not  true  that  the  change 
of  nitrogenized  substances  into  effete  matters — a  process  that  is  increased  in 
activity  by  |)hyfiiological  exercise — consumes,  so  to  speak,  a  detinite  amount 
of  the  limiteti  life  of  the  part^.  Physiological  exercise  increa843a  disassimila- 
tion,  but  it  al^o  increases  the  activity  of  nutrition  and  favors  development. 
It  is  often  said  that  bodily  or  mental  effort  is  made  always  at  the  expense  of 
[  A  definite  amount  of  vitality  and  matter  consumed.  This  is  partly  true,  but 
mainly  false.  Work  involves  change  into  effete  matter;  but  when  restricted 
within  physiological  limits,  it  engenders  a  con-esjiondi ng  a<:!tivity  of  nutri- 
tion, assuming,  of  course,  that  the  supply  from  without  be  sufficient  Other 
things  being  equal,  a  man  would  live  longer  under  a  system  of  physiological 
exercise  of  every  part  than  if  he  made  the  Iwtst  effort  possible,  it  is,  indeed, 
only  by  such  use  of  parts,  that  they  can  undergo  proper  development  and 
become  the  seat  of  normal  nutrition.  Notwithstanding  all  these  facts,  life 
h  self-limited.  Organic  substances  are  constantly  undergoing  transforma- 
tion. In  the  living  body,  tiieir  metabolism  is  unceasing;  and  after  they  are 
removed  from  w^hat  are  termed  vital  conditions,  they  change,  first  losing 
excitability,  and  afterward  decomposing  into  matters  which,  like  the  products 
of  their  disassimilation,  are  destined  to  be  a|>propriated  by  the  vegetable 
kingdom.  Nutrition  sufficient  to  supply  the  physiological  dcciiy  of  parts 
can  not  continue  indefinitely-  The  forces  in  the  fecundated  ovimi  letid  it 
through  a  process  of  development  that  rerjuires,  in  the  human  subject,  more 
than  twenty  years  for  its  completion ;  and  when  development  cea^s,  no  one 
can  say  why  it  becomes  arrested,  nor  can  any  sufficient  reason  be  given  why, 
with  an  atleqnate  an<l  appropriate  supply  of  mafceriaU  a  man  s^hould  not  grow 
indefinitely.  When  the  being  is  fully  developed,  and  during  what  is  known 
as  adult  life,  the  supply  seems  to  be  about  ef^nal  to  the  waste;  but  after  this, 
nntTition  gnidually  becomes  deficient,  and  the  deposition  of  new  matter  in 
progressive  old  age  becomes  more  and  nnvre  inadequate  to  supply  the  pla4:*e 
of  the  nitrogenized  substance.  There  may  be  at  this  time,  as  an  exception, 
a  considerable  deposition  of  fat;  but  the  nitrogenized  matter  is  always  de- 
ficient, and  the  proportion  of  inorganic  matter  combined  with  it  is  increased. 

There  can  be  little  if  any  doubt  that  tlie  properties  wlvich  involve  the 
regeneration  or  nutrition  of  parts  reside  in  the  organic  nitrogenized  eub- 
fcitance»  the  itiorgauic  matter  being  passive,  or  having  purely  physical  use^, 
if,  therefore,  as  age  aflvances,  the  organic  matter  be  graAlually  losing  the 
power  of  completely  regenerating  its  substance,  and  if  it8  proportion  be  pro- 
gressively diminishing  while  the  inorganic  matter  is  increasing  in  quantity, 
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a  time  will  come  when  some  of  tho  organB  tiecossarj  to  life  will  be  anftble  U 
perform  their  office.  When  this  occurs,  there  is  death  from  old  age,  or  phrnt^ 
logical  dii?soliitioii.  This  may  be  a  gradual  failure  of  the  general  pnxsiiiM  al 
nutrition  or  it  may  occur  in  some  one  organ  or  Bfit&m  thai  is  essential  u> 
life. 

AxiMAL  Heat  and  Force. 

The  processes  of  nutrition  in  animals  are  always  attended  with  the  derd- 
opment  and  maintenance  of  a  bodily  temperature  that  is  more  or  lees  ind»y 
l^endent  of  external  conditions.  This  is  true  in  the  lowest  as  well  as  the 
highest  animal  organizations ;  and  analogous  phenomena  hare  been  obserred 
in  plants.  In  cold-blooded  animals,  nutrition  may  be  suspended  by  a  dimin- 
ished external  temperature,  and  certain  of  the  functionj?  l>eeome  temporanlf 
arrested,  to  be  resumed  when  the  animal  is  exposed  to  a  greater  heat  Thif 
is  true,  to  some  extent,  in  certain  warm-blooded  animals  that  perirKlicmlh 
pass  into  a  condition  of  stupor,  called  hibernation ;  but  in  man  and  ma?t 
of  the  warm-blooded  animals,  the  general  temperature  of  the  bmly  can  un- 
dergo but  slight  variations.  The  animal  heat  is  nearly  the  same  in  cold  mii 
in  hot  climates ;  and  if  from  any  ciiuse  the  body  become  incapable  of  keep- 
ing up  its  tempeniture  when  exposed  to  cold,  or  of  moderating  it  wim 
exposed  to  heat,  death  is  the  inevitable  result 

B^fimaifid  Quanta  if  of  Hen  f  produced  by  the  Body. — In  order  to  e: 
quantities  of  heat,  it  is  nece^^isary  to  fix  upon  some  definite  quantity 
taken  as  a  heat-unit.     In  what  is  to  follow,  a  heat-unit  is  to  be  und 
as  the  heat  required  to  raise  the  temperature  of  one  pound  of  water  i 
(pound-degree  Fahr.). 

It  has  been  calculated  that  one  heat-unit  is  equal  to  the  force  exj^ein 
in  raising  one  pound  77t  feet  or  77^  pounds  one  foot  (Joule),     This  h 
is  c^le<l  a  foot-pound*     The  equivalent  of  heat  in  force  has  been  calculal 
by  estimating  the  heat  produced  by  a  certain  weight  falling  through  a  cei 
distance,  assuming  the  falling  force  to  be  precisely  equal  to  the  force  w 
has  been  used  in  raising  the  w*eight ;  but  physicists  have  not  ait*tually  mc- 
oeeded  in  so  completely  converting  heat  into  force  as  to  niise  one  pound 
feet  or  77*2  pounds  one  foot,  by  the  expenditure  of  one  heat-unit. 

The  heat'-unit  and  its  eqnivillent  in  force  are,  of  course,  differently 
pressed  according  to  the  metric  system.  When  heat-units  or  foot-{Hiunds 
given  in  the  text,  the  equivalents,  according  to  the  metric  syst£*m,  are  gi 
in  parantheses.     These  equivalents  are  as  follows: 

A  heat-unit,  according  to  the  metric  system,  or  the  heat  reqnired  to  n^ 
the  temperature  of  one  kilo,  of  water  one  degree  C,  will  be  designated  a»  t 
kilo. -degree  C 

One  pound-degree  =  0*:25^  kilo.-degree  C,  One  kilo.-degree  C.  =  3'M 
(nearly  4)  iK^und-degrees*  A  kilogrammetre  represents  the  force  required  I*) 
raise  a  weight  of  one  kilogramme  one  metre.  One  foot-pound  =  0*138  kilo- 
grammetre. One  kilogrammetre  ^  7  24  foot-pounds.  One  pound-degree  = 
772  foot-pounds.    One  pound-degree  =  10C*G  kilogrammetres.     One  kilix- 
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degree  C.  =  422*25   kilogrammetres.      One    kilo. -degree    C.  =  3,057    foot- 
pounds. 

Two  methods  have  been  employed  in  arriving  at  estimates  of  the  actual 
quantity  of  heat  produced  by  the  body  in  a  definite  time : 

1.  The  direct  method  consists  in  placing  an  animal  in  a  calorimeter  and 
measuring  the  heat  produced,  making  all  necessary  corrections.  This  lias 
been  repeatedly  done,  but  the  results  obtained  have  been  very  variable  and 
not  entirely  satisfactory. 

The  observations  of  Senator  (1872)  seemed  to  fulfill  the  necessary  experi- 
mental conditions ;  and  as  an  average  of  five  observations  made  on  dogs  at 
rest  and  fasting,  he  found  a  production  of  about  4*21  heat-units  per  hour 
per  pound  weight  of  the  body  (2*34  kilo.-degree  C.  per  kilo.). 

J.  C.  Draper  (1872)  estimated  tlie  heat-production  in  his  own  person  by 
immersing  the  body  in  water.  In  this  observation,  many  errors  must  have 
escaped  correction ;  but  the  results  agreed  remarkably  vrith  those  obtained 
by  Senator.  Deducting  V  Fahr.  of  heat  lost  by  the  body,  as  shown  by  a 
reduction  in  the  general  temperature,  and  imparted  to  the  water — a  correc- 
tion not  made  by  Draper — about  4  lieat-units  were  produced  per  hour  per 
pound  weight  of  the  body  (2*22  kilo.-degrees  C.  per  kilo.).  According  to 
the  estimate  of  Draper,  a  man  weighing  14()  pounds  (G3-5  kilos.)  would  pro- 
duce 13,440  heat-units  (3*383  kilo.-degrees  C.)  in  twenty-four  hours  of  repose. 
This  would  be  equal  to  10,375,680  foot-pounds,  or  about  1,430,000  kilogram- 
metres. 

An  important  element  of  inaccuracy  in  all  direct  observations  and  one, 
indeed,  which  it  seems  impossible  to  correct  absolutely,  is  due  to  the  great 
variations  in  heat-production  with  digestion,  conditions  of  muscular  repose 
or  exercise,  external  temperature  etc.  Another  source  of  error  is  the  diffi- 
culty in  estimating  the  heat  lost  by  the  body  and  not  actually  produced  dur- 
ing the  time  of  the  observation.  These  possible  inaccuracies  are  so  impor- 
tant and  so  evident,  that  the  results  of  direct  observations  have  not  been 
generally  accepted  by  physiologists. 

2.  The  indirect  method  consists  in  estimating  the  heat  represented  by 
oxidation,  calculated  from  the  quantity  of  oxygen  consumed  in  the  various 
processes  which  result  in  the  production  and  discharge  of  carbon  dioxide, 
water,  urea  etc.  These  estimates  have  been  compared  with  the  calculated 
heat-value  of  the  food  consumed,  and  the  results  very  nearly  correspond. 

According  to  the  estimates  of  Helmholtz,  Ranke  and  others,  by  the  in- 
direct method,  the  heat-production  is  equal  to  about  2*5  heat-units  per  hour 
I)er  pound  weight  of  the  body  (1*39  kilo.-degree  C.  per  kilo.)  In  a  man  weigh- 
ing 180-4  pounds  (82  kilos.)  the  heat-production  in  twenty-four  hours 
(Helmholtz)  was  10,818  heat-units  (2,732  kilo.-degrees  C).  According  to 
this  estimate,  a  man  weighing  140  pounds  (03*5  kilos.)  would  produce  8,400 
heiit-units  (2,118  kilo.-degrees  C.)  in  twenty-four  hours.  This  would  be 
equal  to  6,484,860  foot  pounds,  or  about  804,500  kilogrammetres. 

Comparing  the  results  of  direct  observations,  sliowing  a  production  of 
about  four  heat-units  per  pound  per  hour  (2*22  kilo.-degrees  C.  per  kilo.), 
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with  those  obtained  by  the  indirect  methods,  2*5  heat-units  per  ponnd  per 
hour  (1'39  kilo.-degree  C.  per  kilo.),  it  is  SiK^n  that  the  iuiV  msx^ 

give  about  37^  per  cent,  less  heat  produced  than  is  given  bv  ii  oiate* 

It  is  on  account  of  this  great  difference,  that  writers  are  at  a  loss  tn  gin 
definite  esstimates  of  the  actual  quantity  of  heat  produced  by  the  hoflv. 

A  sturjy  of  this  subject  and  of  the  details  of  obsen*ations  both  dim: 
and  indirect  has  made  it  evident  that  the  experimental  difficulties  toV 
overcome  and  the  unavoidable  elements  of  inaccuracy  are  greater  m  tlii» 
direct  than  in  the  indirec*t  method.  In  comparing  the  estimates  of  htai 
actually  produced  with  the  heat  value  of  food — which,  of  course,  is  the  ult** 
mate  source  of  heat  and  force  in  the  body — the  correspondence  is  niui^h 
closer  if  the  indirect  estimates  be  adopted.  It  therefore  seems  more  lo  ir* 
cordance  with  ascertained  facts  to  atiopt  the  indirect  estimates,  althou^ 
can  not  be  done  without  reser\e.  The  beat  produced,  then,  is  prv^.^.,.. 
equal  to  about  2*5  heat-units  (i>ound-degrees)  per  hour  per  )Kknud  wei^ght  ^A 
the  body  (nearly  1*4  kilu.-(legree  C.  per  kilo.)  This  is  equal  to  alkjut  8,j 
heat-units,  or  about  2,VZ0  kiio.-degrees  C,  in  twenty-four  hours;  which 
equal  to  about  6,500,000  foot-pounds,  or  about  900,000  kilogrammetre«* 

The  normal  variations  in  the  prcKluction  of  heat  are  not  absolutely  i 
definitely  represented  by  variations  in  the  actual  temperature  of  the  I 
and  by  the  consumption  of  oxygen.  Muscular  work  may  increase  the 
duction  of  heat  00  per  cent.  (Hirn)  wlvile  it  increases  the  eonsumpiiun  ( 
oxygen  about  4^  times,  a  large  part  of  the  oxidation  bt^ing  exjiended  in  \ 
form  of  work.  The  production  of  heat  is  diminished  in  fasting  animatl 
(dogs)  by  nearly  45  per  cent.  (Senator),  after  deprivation  of  f<x>d  for  two 
days*  In  old  age  and  in  infancy,  there  is  le^  heat  product^d  than  in  adult 
life.  The  production  of  heat  is  less  in  females  than  in  raale-sand  is  les»  tin 
ing  the  night  than  during  the  day.  These  ]K)ints  will  be  touched  upon 
in  connection  with  the  normal  variations  in  the  temperature  of  the  boily. 

Limitji  of  Vari(i/ion  in  thfi  Normal  Ttmperafure  in  Man, — ^One  of 
most  common  metliods  of  taking  the  general  tem|>erature  has  been  toj 
duc^  a  registering  thermometer  into  the  axilla,  reading  off  the  deg 
the  mercury  has  become  absolutely  stationary*.  Nearly  all  observations! 
in  this  way  agree  with  the  results  obtained  by  Gavarret,  who  estimated  thil 
the  tempemture  in  the  axilla,  in  a  perfectly  healthy  adult  man.,  in  a  temper* 
ate  climate,  ranges  between  OT'T''  and  90-5°  Fahr.  (3C%5^  and  ST'S''  t\).  'v 
from  a  large  number  of  observations  upon  the  temperature  under  the  t*-  . 
fixed  the  standard,  in  a  temperate  climate,  at  m""  Fahr,  (3667**  C.)  1'he 
axilla  and  the  tongue,  however,  being  more  or  less  exposed  to  external  inflxi- 
ences,  do  not  exactly  represent  the  general  heat  of  the  orgajiism  ;  but  the^ 
are  the  situations,  particularly  the  axilla,  in  which  the  tempemture  is  mti*t 
frequently  taken  in  pathological  examinations.  As  a  standard  for  comf^* 
son,  it  may  he  assumed  that  the  most  common  temperature  in  these  situa* 
tions  is  98**  Fahr,  (36**>7°  C.)  subject  to  variations,  within  the  limits  of 
health  of  about  0-5''  Fahr,  (027°  C.)  below  and  1-5°  (0^82''  Fahr.  C.)  aliote. 

Varudions  with  External  Temperature,— The  general  temperature  of  t^ 
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body  varies,  thoQgb  within  very  restricted  limits,  with  extreme  nhang'es  in 
climate.  The  results  obtiiined  by  Ihivv,  in  a  large  number  of  observatioTis  in 
temperate  and  hot  climates,  show  an  elevation  in  the  tropics  of  0*5°  to  3'  Fahr, 
{0-27°  to  I'^S**  C*)*  It  is  well  known,  also,  that  the  human  body,  the  surface 
being  projjerly  protected,  is  eapiible  of  enduring  for  some  minutes  a  heut 
greater  than  that  of  boiling  water.  Under  these  conditions,  the  animal 
temperature  is  raised  but  slightly,  as  compared  with  Uie  intense  heat  of  the 
surrounding  atmoapliere.  In  the  observations  by  Dobson,  the  temperature  was 
raised  to  9ll-5°  Fahr.  (3T-5'*  i\)  in  one  instance,  101 -d"*  Fahr,  (38'(3''  C.)  in 
another,  and  lO'^"*  Falir.  (38'D**  C)  in  a  third,  when  the  body  was  exjiosed  to 
a  heat  of  more  than  212°  Fahr,  (100®  0/).  Dclaroehe  and  Berger,  however, 
found  that  the  temperature  iii  tlie  mouth  couhi  l>e  increased  by  3°  to  9** 
Fahr,  (1*G5°  t(^  505°  L\)  after  sixteen  minutes  of  exposure  to  intense  heat. 
This  was  for  the  extenial  parts  only ;  and  it  is  not  probable  that  the  tem- 
perature of  the  internal  organs  ever  undergoes  such  wide  variations. 

It  is  difUcult  to  estimate  the  temperature  in  persons  exposed  to  intense 
cold,  as  in  Arctic  explorations,  because?  care  is  always  taken  to  protect  the 
surface  of  the  body  as  completely  as  possible ;  but  experiments  Imve  shown 
yiat  the  animal  heat  may  l>e  eonj^iderably  reduced,  as  a  temporary  condition, 
without  producing  death.  In  the  latter  part  of  the  last  century,  C'lirrie 
caused  the  tempeniture  in  a  man  to  fall  la''  Fahr.  (8"^5^  C.)  by  immersion 
in  a  cold  bath  ;  but  he  could  not  bring  it  below  83""  Fahr.  {2S'd^°  C.)  This 
extreme  depression,  however,  hunted  only  two  or  three  minutes,  and  the  tem- 
perature afterward  returned  to  within  a  few  degrees  of  the  normal  standanl. 
The  results  of  experiments  show  that  M'hile  the  normal  variations  in  the 
tempemture  iu  the  human  subjeet,  even  when  exposed  to  great  climatic 
changes,  are  very  slight,  generally  not  more  than  two  degrees  Fahr.  (1-1°  C), 
the  body  may  be  exposed  for  a  time  to  excessive  heat  or  cold,  and  the  extreme 
limits^  consistent  with  the  preservation  of  life,  may  be  reached.  As  far  as 
hiis  been  ascertained  by  direct  experiment,  these  limits  are  about  83*^  and 
1U7°  Fahr.  (28-33°  and  U-iil"  C). 

Vanaiions  in  Different  Pari^  of  the  BofJij» — The  blood  becomes  slightly 
lowered  in  its  temperature  in  passing  through  the  genend  capillary  circula- 
tion, hut  the  ditference  is  ordinarily  not  more  than  a  fraction  of  a  degree. 
This  fact  is  not  opposed  to  the  proposition  that  animal  heat  is  produced  in 
greatest  part  in  the  general  eapillary  svs^teui,  as  one  of  tlie  results  of  nutri- 
tive action  ;  for  tbe  blood  eirculates  with  such  rapidity  that  the  heat  ac- 
quired in  the  capillaries  of  the  internal  organs,  where  little  or  none  is  lost, 
is  but  slightly  diminished  before  tbe  fluid  passes  into  the  arteries,  even  in 
circalating  through  the  hjngs;  and  cutaneous  evapomtion  simply  moderates 
the  heat  acquired  in  the  tissues  and  keeps  it  at  the  proper  standard. 

Bernard  ascertained  that  the  blood  is  usually  t>3ti''  to  1*8°  Fahr.  (0^?''  to 
1°  C.)  warmer  in  tlie  hepatic  veins  than  in  the  liorta.  The  temperature  in 
the  hepatic  veins  is  0-18°  to  F44'  Fahr.  (0-1='  to  0-8°  C.)  higher  than  in  the 
portal  veins.  These  results  show  that  the  blood  coming  from  the  liver  is 
warmer  than  in  any  other  part  of  the  body.     In  a  series  of  experiments  by 
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Broschet  and  BecquereU  who  were  among  the  first  to  employ  thenno-d«etm 
apparatus  in  the  study  of  animal  heat,  it  uas  found  that  the  c^eUrilar  tisatji^ 
WHA  2*5**  to  :^*:r  Fahn  (1*37°  to  1-8^  C.)  eixiler  than  the  muscles     M  rtp-ir' 
the  temperature  of  the  blood  in  the  two  sides  of  the  heart,  experiment:?  .; 
tlie  lower  animals  have  been  somewhat  eon  trad  ietory ;  but  there  is  no  {>o#iU*(* 
evidence  of  any  considei-able  change  in  the  temperature  of  the  blood  in  ps^ 
ing  through  the  lungs  in  the  human  subject     In  the  lower  animalA«  therr 
probably  exi«t  no  constant  ditlerences  in  temperature  in  the  two  sidej^  ■ 
heart.     When  the  loss  of  heal  by  the  general  surface  i^  active,  as  in  ii: 
with  a  slight  covering  of  hair,  the  blood  generally  is  cooler  in  the  right  cari- 
ties;  but  in  animals  with  a  thick  covering,  that  probably  kise  r«       ' 
heat  by  the  pulmonary  surface,  the  blood  b  cooler  in  the  left 
heart. 

I'ar  I  a  f  ions  at  Diffe  rent  Periofls  of  L  ife.  — T  h  e  m  06t  i  m  |m  >  r  u  n  m  \  a  i  i  u  1 1 .  t  i  - 
in  the  temperature  of  the  bmiy  at  different  periods  of  life  are  observed  in  iw- 
fants  just  after  birth.  The  body  of  the  infant  and  of  young  mamranlia 
removed  from  the  mother  presents  a  diminution  in  temperature  of  1"  li> 
4^  Fahr.  (0^55°  to  2*2°  C),  In  infancy  the  ability  to  resist  cold  is  le.^  than 
in  later  years;  but  after  a  few  days  the  temperature  of  the  child  nmti^ 
reaches  the  standard  in  the  adult,  and  the  variations  produri^l  Uv  •^xUTmil 
conditions  are  not  m  great 

W.  F.  Edwards  fourid  that  in  certain  animals,  particularly  doL  % 

that  are  horn  with  the  eyes  closed  and  in  which  the  foramen  ovni'  :  : .  ii^ 
open  for  a  few  days,  the  temperature  rapidly  diminished  when  they  w^re  r^ 
moved  from  the  body  of  the  mother,  and  tliat  they  then  become  redaoiHl  to  • 
condition  approximating  that  of  eold-bloijded  animals ;  but  after  about  fifteen 
days,  this  change  in  tempeniture  could  not  be  effected*  In  dogs  jugt  honu 
the  temperature  fell,  after  three  or  four  houi^'  separation  from  the  moth 
to  a  point  but  a  few  degrees  above  that  of  the  surrounding  atmosphere. 
views  advanced  by  Edwards  are  Dlustrated  in  instances  of  premature  bir 
when  the  animal  heat  is  much  more  variable  than  in  infanta  at  term,  and! 
cases  of  |>en=iistence  of  the  foramen  ovale. 

In  adult  life  there  does  not  a|ipear  to  be  any  marked  and  constant  vi 
tion  in  the  normal  tem|>erature ;  but  in  old  age,  while  the  actual  temperata 
of  the  bcxiy  k  not  notably  re<luced,  the  power  of  resisting  refrigerating 
fluences  is  diminished  very  considei'ably.     There  are  no  observations  shoriu?" 
any  constant  differences  in  the  temperature  of  the  body  in  the  sexes;  and  U 
may  be  assumed  that  in  the  female  the  animal  heat  is  modified  by  the  saiw 
influences  and  in  the  same  way  as  in  the  male* 

VarmtktnH  in  the  Hmi  of  the  Bodij  at  different  Timeif  of  ih0  Day  fsfe-— 
Although  the  limits  of  variation  in  the  animal  temtjerature  are  not  very  wi(k 
certain  fluctuations  are  oh:?erved,  depending  upon  muscular  repose  or  art 
(Hge^tion,  sleep  etc  It  hits  Ix-en  ascertained  that  there  are  two  well  ui 
periods  in  the  day  when  the  heat  is  at  its  maximum.  These  are  at  eleven 
A,M,  and  four  p.  m.  :  and  while  all  observations  agree  upon  this  point  tlif 
observations  of  Lichtenfels  and  Fruhlich  liave  sliown  that  these  jwriods  an 
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well  marked,  even  when  no  food  is  taken.  Barensprung  and  Ladarae  have 
observed  that  the  fall  in  temperature  during  the  night  takes  place  sleeping 
or  waking ;  and  that  when  sleep  is  taken  during  the  day,  it  does  not  dis- 
turb the  period  of  the  maximum,  which  occurs  at  about  four  p.  m.  Accord- 
ing to  these  experiments,  at  eleven  in  the  morning,  the  animal  heat  is  at  one 
of  its  periods  of  maximum;  it  gradually  diminishes  for  two  or  three  hours 
and  is  raised  again  to  the  maximum  at  about  four  in  the  afternoon,  when 
it  again  undergoes  diminution  until  the  next  morning.  The  variations 
amount  to  between  1°  and  2-16°  Fahr.  (0-55°  and  1-19°  C).  The  minimum 
is  always  during  the  night. 

The  influence  of  defective  nutrition  or  of  inanition  upon  tlie  heat  of  the 
body  is  very  marked.  In  pigeons  the  extreme  variation  in  temperature  during 
the  day,  under  normal  conditions,  was  found  by  Chossat  to  be  1*3°  Fahr. 
(0-7°  C).  During  the  progress  of  inanition  this  variation  was  increased  to 
5'9^  Fahr.  (3*25°  C).  with  a  slight  diminution  in  the  absolute  temperature, 
and  the  periods  of  minimum  temperature  were  unusually  prolonged.  Imme- 
diately preceding  death  from  starvation,  the  diminution  in  temperature 
became  very  rapid,  the  rate  being  7°  to  11°  Falir.  (3*85°  to  6°  C.)  per  hour. 
Death  usually  occurred  when  the  diminution  liad  amounted  to  about  30° 
Fahr.  (16-5°  C). 

When  the  surrounding  conditions  call  for  the  development  of  an  unusual 
quantity  of  heat,  the  diet  is  always  modified,  both  as  regards  the  quantity 
and  kind  of  food ;  but  when  food  is  taken  in  sufficient  quantity  and  is  of  a 
kind  capable  of  maintaining  proper  nutrition,  its  composition  does  not  affect 
the  general  temperature.  The  temperature  of  the  body,  indeed,  seems  to  be 
uniform  in  the  same  climate,  even  in  persons  living  upon  entirely  different 
kinds  of  food  (Davy).  Nevertheless,  the  conditions  of  external  temperature 
have  a  remarkable  influence  upon  the  diet.  It  is  well  known  tliat  in  the 
lieat  of  summer,  the  quantity  of  meats  and  fat  taken  is  relatively  small, 
and  of  the  succulent,  fresh  vegetables  and  fruits,  large,  as  compared  with  the 
diet  in  the  winter ;  but  although  the  proportion  of  carbohydrates  in  many 
of  the  fresh  vegetables  used  during  a  short  season  of  tlie  year  is  not  great, 
these  articles  are  also  deficient  in  nitrogenized  matters.  During  the  winter 
the  ordinary  diet,  composed  of  meat,  fat,  bread,  potatoes  etc.,  contains  a 
large  proportion  of  nitrogenized  substances  as  well  as  a  considerable  propor- 
tion of  carbohydrates ;  and  in  tlie  summer  the  proportion  of  both  of  these 
varieties  of  food  is  reduced,  the  more  succulent  articles  taking  their  place. 
This  is  farther  illustrated  by  a  comparison  of  the  diet  in  the  torrid  or  tem- 
perate and  in  the  frigid  zones.  It  is  stated  that  the  daily  ration  of  the  Es- 
quimaux is  twelve  to  fifteen  pounds  (5*433  to  0-804  kilos.)  of  meat,  about 
one-third  of  which  is  fat.  Hayes  noted  that  with  a  temperature  of  —  60° 
to  —  70°  Fahr.  (about  —  51°  to  —  57°  (\),  there  was  a  continual  craving  for 
a  strong,  animal  diet,  particularly  fatty  substances. 

The  influence  of  alcoholic  beverages  upon  the  animal  temperature  litis 
been  studied  chiefly  with  reference  to  the  question  of  their  use  in  enabling 
the  system  to  resist  excessive  cold.     The  universal  testimony  of  scientific 
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Arctic  explorers  is  that  the  vise  of  alcohol  does  not  enable  men  lo  eninn  i 
very  low  temperature  for  any  considerable  length  of  time. 

As  a  rule,  when  the  respiratory  activity  is  physiologically  incroafied— ii»  n 
is  by  exercise^  bodily  or  mental,  ingestion  of  food  or  diminished  extefnil 
temperature — ^the  generation  of  heat  in  the  bi^y  is  correspondih_ 
and  on  the  other  hand,  it  is  diminished  by  conditions  which  ph_u-*  .  ,t  .^m 
decrease  the  absorption  of  oxygen  and  the  exlialation  of  carbon  dioxide.  Tbf 
relations  of  animal  heat  to  the  general  process  of  nutrition  are  most  intimair. 
Any  condition  that  increases  the  activity  of  nutrition  and  of  disasgimilnticm, 
or  even  any  thing  that  increases  disassimilation  alone,  will  increase  the  prc*^ 
duction  of  heat*     The  reverse  of  this  proposition  is  equally  true. 

Notwithstanding  the  fact  that  there  is  a  certain  correspondence  between 
the  activity  of  the  respiratory  processes  and  the  production  of  heat*  ^bk  is 
far  from  being  absolute*  It  has  been  shown  by  Senator  that  digeetioa  m- 
creases  heat-production  rather  more  than  it  increases  the  exhalation  of  cartwo 
dioxide-  Muscular  exertion  has  been  found  to  increBse  the  quantity  of  oiy- 
gen  consumed  in  Yery  much  greater  proportion  than  it  increased  the  hat- 
production  (Ilini).  Even  adding  to  the  heat  produced,  the  work,  raiaced  Ut 
heat-units,  the  heat-production  was  about  doubled,  while  the  quantity  «f 
oxygen  consumed  was  increased  about  four  and  a  half  times. 

Influence  of  Exercise  efc,^  upon  the  Heat  of  the  Body, — The  mxMi  com- 
plete repose  of  the  muscular  system  is  observed  during  sleep^  when  ^ 
any  of  the  muscles  are  brought  into  action,  except  those  concerned  iii  .x^.. 
quil  respiration*     There  is  always  a  notable  diminution  in  the  general  \tm- 
j>emture  at  this  time.     In  the  variations  in  the  heat  of  the  '  -  mini- 
mum is  always  during  the  night;  and  this  La  nut  entirely  li^ ut  npoft 

sleep,  for  a  depression  in  temperature  is  always  observed  at  that  time^  eTvti 
when  sleep  is  avoided.     It  is  a  matter  of  common  observation,  thiit  \im 
of  the  most  efficient  means  of  resisting  the  depressing  influence  of  told  U 
to  constantly  exercise  the  muscles;  and  it  is  well  known  that  aftCT  long 
exposure  to  intense  cold^  the  tendency  to  sleep,  which  becomes  a^ 
siiftible^  if  yielded  to,  is  followe<I  by  a  very  rapid  loss  of  heat  and  .. 
tain  death.     Muscular  exercise  increases  the  production  of  heat;  but  the 
variations  in  the  actual  temperature  of  the  body  in  man,  although  d:^  -  * 
are  seldom  very  considemble,  for  the  reason  that  muscular  exertion  i>  . 
ally  attended  with  increased  action  of  the  akin^  which  keeps  the  heat  o(  th^ 
body  within  restricted  limits.     In  very  violent  muscular  exertion,  as  i'^  '"' 
running,  the  increaseil  production  of  heat  may  be  so  rapid  that  it  • 
be  entirely  compensated  by  evaporation  from  the  skin,  and  the  temjv 
may  rise  to  104°  Fahr.  {li)^  C\).     In  about  an  hour  and  a  half  the  ik:u.^ 
ture  falls  to  the  normal  standard  (Billroth,  quoted  by  Landois). 

The  elevation  in  temj^rature  that  attends  muscular  action  is  prodt 
directly  in  the  substance  of  the  muscle  (BtH.*querel  and  Brcst*het),     Inl 
ducing  a  thermo-electric  needle  into  the  biceps  of  a  man  who  used  the  i 
in  sawing  wood  for  five  minutes,  these  physiologists  noted  an  elevmtion  J 
temperature  of  nearly  two  degrees  Fahr.  (1^  C).     The  productioai  0f 
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in  the  muscular  tissue  has  heen  observed  in  experiments  with  partiona  of 
musele  from  the  frog.  Not  only  wjks  there  an  ak^orption  of  oxygen  and 
exhalation  of  eurbnn  dioxide  after  the  niitsck  had  been  removed  from  the 
body  of  the  animal,  but  an  elevation  in  temperature  of  about  one  degres 
Fahr.  (0-55**  C.)  was  noted  following  coiitnietions  artifieially  excited  (Mat- 
teucci)*  Uhservations  upon  the  influence  of  mental  exertion  on  the  tem]yera- 
ture  of  the  body  have  not  heen  so  many,  but  they  are,  apparently^  no  less 
exaet  in  their  remdts,  Davy  observe<l  a  Blight  but  constant  elevation  during 
"excited  and  suatuined  attention."  Lombard  noted  an  elevation  of  tempera- 
ture in  the  beat!  during  mental  exertion  of  various  kinds,  hut  it  was  slight, 
the  highest  rise  not  exceeding  Utl5°  Fahr.  {0*U;2T^  C),  According  to  Bur- 
dach,  the  tempeniture  of  the  body  is  increased  by  tlie  emotions  of  hojie,  joy, 
anger  and  all  exciting  passions,  while  it  ia  tliminiahed  by  fear,  fright  and 
mental  distress. 

It  is  evident  that  if  animal  heat  be  one  of  the  necessary,  attendant  phe- 
nomena of  nutrition,  it  must  be  greatly  influenced  by  conditions  of  the  circu- 
lation. It  has  been  a  question,  indeed,  whether  the  mtMliticatious  in  tem- 
perature, produced  by  operating  upon  the  vaeo-motor  nerves,  be  not  due 
entirely  to  i-hanges  in  the  supply  of  blood.  It  is  certain  that  whatever  deter- 
mines an  iucrei^sed  supply  of  blood  to  any  part  raises  the  tern {lemt tire;  and 
whenever  the  quantity  of  blood  in  any  orgjin  or  part  is  considerably  dimin- 
ished, the  temperature  is  reduced.  This  fact  is  constantly  illustrated  in 
operations  for  the  deligation  of  large  artenes.  It  is  well  known  that  after 
tying  a  large  vessc^l,  the  utmost  care  is  necessary  to  keep  uji  the  temperature 
of  the  part  to  which  its  branches  are  distributed,  until  the  anastomosing  ves- 
sels become  enlarged  sufficiently  to  supply  the  quantity  of  blood  necessary 
for  healthy  nutrition. 

Injluence  of  the  Nervoufi  Si/Miem  npofi  the  Production  of  Animal  Heat 
(Hmt'Cenires). — The  local  intluences  of  the  vaso-motor  nerves  upon  calori- 
fication o]>erate  mainly  if  not  entirely  through  cliange^  in  the  nutrition  of 
parts,  produced  by  variations  in  blocMl -supply.  These  influences  will  be  fully 
considere*!  in  connection  with  the  physiology  of  the  nervotis  system. 

The  general  temperature  of  the  Ijody  may  be  moilificfl  through  the  nerv- 
ous system  by  reflex  action,  and  this  implies  the  existence  of  nerve-centres,  or 
of  a  nerve-centre,  capable  of  iufluencing  the  general  process  of  calorification* 
Experimehts  have  heen  ma^le,  chiefly  on  parts  of  the  encephalon,  with  the 
view  of  determining  tlie  existence  and  location  of  heat -centres.  In  a  recent 
publication  by  Ott  (1887),  four  heat-centres  are  recognized,  irritation  of 
which  by  puncture  increases  the  temperature  of  the  body  in  rabbits  by  several 
degrees  (4^"  to  *j*^  Fahr.,  or  2-2"^  to  3*3^  C,),  These  four  centres  are  as  fol- 
lows:  I,  in  front  of  and  beneath  the  corpus  striatum  (Ott);  2,  the  median 
portion  of  the  corjiom  striata  and  the  subjacent  parts  (Aronsobu  and  Sachs) ; 
3,  between  the  corpus  striatum  and  the  optic  thalamus  (Ott);  4,  the  anterior 
iuner  end  of  the  optic  thalamus  (Ott).  Pnncture  of  these  parts  is  followed 
by  rise  in  temperature,  which  continues  for  a  variable  time,  two  to  four  days. 
A  similar  centre  has  been  described  as  existing  in  the  dog,  in  the  cortex  of 
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the  anterior  portion  of  the  upper  surface  of  the  braiii^  n^u-  the  mcdiim  1 
(Kulenberg  and  Liindois).     The  conductors  connected  with  these 
decussate  and  pass  through  the  medulla  oblongata  and  the  i$|iinjELl  oofd*   Tht 
question  arises  as  to  whether  the  effects  of  puncture  or  ^stimulation  of  the 
part*  be  exciting  or  inhibitory;  but  observations  regard Ln«r  the  inBchamjtr»| 
of  their  action  have  not  been  sufticiently  definite  to  warrant  anj  jiositive  < 
(elusions  on  this  point. 

Mechakism  of  tue  Productiox  of  AxiHAL  Heat. 

The  definite  ideiis  of  physiologists  concerning  the  mechanism  of  thepnKi 
duction  of  heat  by  animals  dat^?  from  the  re8e4in*hes  of  L4ivoij?ier  (1777  tul 
1790).  As  a  general  result  of  these  oba*rvations,  Lavoisier  concluded  thall 
animal  heat  was  produced  by  an  internal  combustion  resulting  in  carbon  | 
dioxide  and  water.  Even  now  there  is  little  to  be  said  beyond  this,  as  pegMtk] 
the  general  mechanism  of  animal  calorific4ition,  alt  hough  modern  invcstig 
tions  have  brought  to  light  many  important  details  in  the  heat-prodacin 
processes. 

In  man  and  in  the  warm-blooded  animals  generally,  the  maintenjiDcti 
the  temjierature  of  the  organism  at  a  nearly  fixed  standard  is  a  n 
life;  and  while  heat  is  generated  in  the  organism  with  an  acti\ 
consUntly  varying,  it  is  counterbalanced  by  pliyisiologieal  loss  of  heal  fmi 
the  cutaneous  and  respiratory  surftK*es,  X'ariations  in  the  activity  of  culn 
fication  are  not  to  be  measured  by  con*esj>ont]ing  changes  in  the  tempeii 
ture  of  the  body,  but  are  to  be  estimated  by  calculating  the  quantity  of  heat 
lost.  Tlie  ability  of  the  human  race  to  live  in  all  climates  is  explaint^l 
by  the  adaptability  of  man  to  different  conditions  of  diet  and  exercise,  ami 
by  the  power  of  regidating  loss  of  heat  from  the  surface  by  apprt^pr 
clothing. 

Heat  is  produced  in  the  general  system  and  not  in  any  |Mirticuhir  or 
or  in  the  blood  as  it  circulates.     The  experiments  of  Matteucci,  s^i 
elevation  of  temperature  in  a  muscle  excited  to  contraction  after  it 
removed  from  the  body^  and  the  observations  of  Beoquerel  and  Bresch 
showing  increased  development  of  bedsit  by  muscular  cnutra<^tion,  are  sufficie 
evidence  of  the  pro<luetion  of  heat  in  the  muscular  system ;  and  inasmticli 
as  the  muscles  constitute  by  far  the  greatest  part  of  the  weight  of  the  I 
they  are  a  movst  important  source  of  animal  heat     It  has  betm  oheenred 
the  bloo  I  bec^Jiues  notably  warmer  in  passing  through  the  abdominal 
(Hernanl).     This  is  particularly  marked  in  the  liver,  iind  it  shows  tlmt 
krge  and  highly  organized  viscera  are  also  important  sources  of  caloric. 

As  far  as  it  is  ]x)ssible  to  determine  by  experiment,  not  only  is  there  I 
particular  juirt  ororgun  in  the  body  endowed  with  the  special  office  of  c^lni 
fication,  but  every  part  in  which  the  nutritive  forces  are  in  operation 
duces  a  certain  quantity  of  heat;  and  this  L^  pmbably  true  of  the  biood- 
piisc^les  and  l^ther  anatomical  elements  of  this  class.     The  production  of  hfl 
in  the  bwly  is  general  and  is  one  of  tlie  necessary  consequences  of  the  pr 
of  nutrition ;  but,  with  nutrition,  it  is  subject  to  local  variations^  as  is  illu*- 
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trated  in  the  effects  of  operations  upon  the  vaso-motor  nerves  and  in  the  phe- 
nomena of  inflammation. 

Nutrition  and  disassimilation  involve  the  appropriation  of  matters  taken 
into  the  body  and  the  production  and  discharge  of  effete  substances.  In  its 
widest  signification,  this  includes  the  consumption  of  oxygen  and  the  elimina- 
tion of  carbon  dioxide ;  and  consequently,  respiration  may  be  regarded  as  a 
nutritive  act  All  of  the  nutritive  processes  go  on  together,  and  they  all 
involve,  in  most  warm-blooded  animals  at  least,  a  nearly  uniform  tempera- 
ture. During  the  first  periods  of  intrauterine  life,  the  heat  derived  from  the 
mother  is  undoubtedly  necessary  to  the  development  of  tissue  by  a  change 
of  substance,  analogous  to  nutrition  and  even  superior  to  it  in  activity.  Dur- 
ing adult  life,  animal  heat  and  the  nutritive  force  are  co-existent.  It  now 
becomes  an  important  question  to  determine  whether  there  be  any  class  of 
nutritive  matters  specially  concerned  in  calorification  or  any  nutritive  acts 
exclusively  or  specially  directed  to  the  maintenance  of  the  normal  tempera- 
ture of  the  body. 

It  is  evident  that  in  normal  nutrition  by  food,  the  heat  of  the  body  must 
be  maintained  by  changes  which  take  place,  either  directly  in  the  blood  or 
indirectly  in  the  tissues,  in  alimentary  matters,  and  that  these  changes  involve 
oxidation  to  a  very  considerable  extent.  Under  ordinary  conditions  of  nutri- 
tion, it  is  assumed  that  the  food  furnishes  all  the  material  for  maintaining 
the  heat  of  the  body  and  for  the  development  of  force  in  work,  such  as  the 
muscular  work  of  respiration  and  circulation  and  general  muscular  effort. 
If  no  food  be  taken  for  a  certain  time,  the  heat  of  the  body  must  be  main- 
tained, the  work  must  be  accomplished  at  the  expense  of  the  substance  of 
the  body  itself,  and  the  individual  loses  weight.  In  order  to  maintain  the 
equilibrium  of  the  body,  therefore,  food  should  l>e  taken  in  quantity  sufficient 
to  supply,  by  its  changes  in  oxidation  etc.,  the  heat  and  force  required.  In 
this  condition  of  equilibrium,  the  body  neither  gains  nor  loses  weight.  To 
furnish  a  positive  scientific  basis  for  calculations  with  reference  to  these 
points,  physiologists  have  burned  various  articles  of  food  in  oxygen,  and 
have  estimated  their  heat-value  in  heat-units. 

In  1866,  Frankland  made  a  number  of  calculations  of  the  heat-units  and 
the  estimated  force-value  of  various  articles  of  food,  which  are  now  accepted 
and  used  by  most  writers  upon  subjects  connected  with  the  theories  of  ani- 
mal heat  and  the  source  of  muscular  power.  As  regards  the  heat  produced 
by  the  oxidation  of  these  substances  in  the  body,  if  it  be  assumed  that  the 
same  quantity  of  heat  is  produced  by  the  oxidation,  under  all  circumstances, 
of  a  definite  quantity  of  oxidizable  matter,  it  is  necessary  simply  to  deduct 
from  the  heat-value  of  articles  of  food  the  heat- value  remaining  in  cerbiin 
parts  of  the  food  which  pass  out  of  the  body  in  an  unoxidized  state.  It  was 
in  this  way  that  Frankland  arrived  at  a  determination  of  the  heat-value  of 
articles  of  food  oxidized  in  the  body. 

The  following  selections  from  Frankland's  table  will  give  an  idea  of  the 
heat-value  of  different  articles  of  food  oxidized  in  the  body.  In  this  table 
the  heat-units  are  calculated  as  pound-degrees. 
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HEAT-VALUE   OF  TEX   GRAINS   OF  THE   MATERIAL   OXIDIZED   LSTO  CARBOt 

DIOXIDE,   WATER   AXD   UREA    IX  THE   AXIMAL   BODY    (f RAXKLAXU). 

Artidf^i  of  f Odd.  Befttmiit*,  i     Articles  of  food.  Rcst-vbiu 

Batter 18 68    Potat^ies ,....    ^3i 

B<n?f-fat  (ilry) . . 23*33    CAhbage .,.  ,    lin 

Lum|>-siigar 8-01    iMilk.,. . l-W 

Gr»f>t»-sugiir    8*42    E^g  (boiled)  . . ,  >> 

Wheal-flour  ... ^-Bl   Cheese ii  ?' 

Brfwl-<Tumb , .     5o2    Lean  bepf : <h 

Arrowroot. ,  * . » 10*06    Hum  (boiled) ' 

Ground  ric€  ..  * ,    9*52  |  Mackerel 

In  the  following^  selected  from  the  table  quoted  by  Chapman^  the  h  it 
units  are  calculated  m  kilo.-degrees  C. 


HEAT-VALCE   OP   OXE   GRAMME  OP  THE   MATERIAL  OXIDIZED  IXTO  CAKBOS 
DIOXIDE,    WATER   AND    UREA    IX   THE   ANIMAL   BODV    (FRAXKLAXD). 
Article*  of  food.  IJi»flt'DiilU. 

Butler  . 7-2(J4 

Beef-fat  (dry)   9*009 

Lump-sugiir 3*^48 

Grape-sugar ,..-.  3'227 

Wheat-flour 3-840 

Brwd-crurob 1-450 

Arrowroot 3'912 

GrouBdrice    3'7fiO 


Articles  af  food.  nmi-tn^-M 

Potatoes - 

Cabbage 

Milk... 

Egg (Ixiiled) 

Cheese 

Lean  beel ,.- 

Ham  (boiled) l-ftO 

Mackerel  ....*......,,.. H 


The  heat-value  of  one  gramme  of  alcohol — ^taken  from  a  table  eompil 
by  Landoia — is  equal  to  8^958  heat-units  {kilo.-degree®  C),  or  the  he»(-v 
of  10  grains  of  aloohol  is  equal  to  23  ht^at-iinits  (pound-degrees  Fahr.). 

As  regjirdij  the  processes  of  combustion  which  take  place  in  the  lii 
organism,  the  oxidation  of  the  constituentfi  of  food  produces  carbon  dioi 
and  water,  but  it  is  probable  tliat  the  quantity  of  heat  produced  bears  a  de 
nite  relation  to  the  total  consumpliua  uf  oxygen,  the  heat,  as  far  as  ihi 
concerne<i,  being  the  same  whether  the  oxygen  unite  with  carbon  or 
hydrogen  { Pfluger).   Tlii.-^  relation  between  the  quantity  of  oxygen  eonsn 
and  the  production  of  lieat  seems  to  l>e  disturbed  by  muscular  exercise; 
it  liiLs  thus  far  Ijcen  found  impossible  to  estimate  accunitely  the  quantity  of 
he^t  reprcscnt-ed  by  tbe  force  exjjended  in  muscular  work,  circulation, 
ration  etc. 

The  heat-prothicing  processes  undouht4?dly  are  represented  mainly  by 
exhalation  of  carbon  dioxide  and  water,  and  to  a  le^ss  degree  by  the  discha 
of  urea,  the  quantity  of  heat  protluc^d  by  other  chemical  processes  beii 
comparatively  small     It  is  also  true  that  the  carbohydrates  and  fats 
more  important  factors  in  calorification  than  the  albuminoids;  but  it 
beyond  question  that  there  must  be  heat  evolved  in  the  body  by  oxidation  ( 
nitrogenized  matti^rs.     When  the  daily  quantity  of  food  is  largely  inci 
for  the  purpose  of  generating  the  immense  quantity  of  heat  required  in 
cessively  cold  climates^  the  nitrogenized  matters  are  taken  in  greater  quan- 
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tity,  as  well  as  the  fats,  although  their  increase  is  not  in  the  same  proportion. 
From  these  facts,  and  from  other  considerations  that  have  already  been  fully 
discussed,  it  is  evident  that  the  physiological  metamorphoses  of  nitrogenized 
matters  bear  a  certain  share  in  the  production  of  animal  heat.  The  carbo- 
hydrates and  fats  are  not  concerned  in  the  building  up  of  tissues  and  organs, 
except  as  the  fats  are  deposited  in  the  form  of  adipose  tissue.  Their  addition 
to  the  food  saves  the  nitrogenized  tissues,  which  latter  must  be  used  in  heat- 
production  in  starvation  and  in  a  restricted  diet  deficient  in  non-nitrogenized 
matters.  If  the  non-nitrogenized  constituents  of  food  do  not  form  tissue, 
are  not  discharged  from  the  body,  and  are  consumed  in  some  of  the  processes 
of  nutrition,  it  would  seem  that  their  change  must  involve  the  production  of 
carbon  dioxide  and  water  and  the  evolution  of  heat. 

Although  it  may  be  assumed  that  the  non-nitrogenized  constituents  of 
food  are  particularly  important  in  the  production  of  animal  heat,  and  that 
they  are  not  concerned  in  the  repair  of  tissue,  it  must  be  remembered  that 
the  animal  temperature  may  be  kept  at  the  proper  standard  upon  a  nitrogen- 
ized diet ;  and  it  is  not  possible  to  connect  calorification  exclusively  with  the 
consumption  of  any  single  class  of  alimentary  matters  or  with  any  single 
one  of  the  acts  of  nutrition. 

The  exact  mechanism  of  the  oxidation-processes  in  the  body  is  not  under- 
stood. All  physiologists,  however,  are  agreed  that  the  quantity  of  heat  pro- 
duced by  oxidation  is  the  same,  whether  the  combustion  be  rapid  or  slow. 
The  fact  that  fats  are  never  discharged,  but  are  either  consumed  entirely  or 
are  deposited  in  the  body  as  fat,  leaves  their  oxidation  and  discharge  as  oxi- 
dation-products the  only  alternative.  The  oxidation  of  albuminoids  has 
abeady  been  considered.  As  regards  the  carbohydrates,  if  it  can  be  shown 
that  alcohol  normally  exists  in  the  blood,  even  in  very  small  quantity,  the 
idea  that  these  matters  are  slowly  passed  from  the  liver  as  sugar,  into  the 
general  circulation,  and  are  then  converted  into  alcohol  which  is  promptly 
oxidized,  is  worthy  of  serious  consideration.  Such  a  theory  would  explain 
the  destination  of  the  carbohydrates  and  their  relations  to  calorification. 
There  can  be  no  doubt  that  in  certain  cases  of  fever,  alcohol  administered  in 
large  quantity  may  be  oxidized  and  "  feed  "  the  fever,  thus  saving  consump- 
tion of  tissue. 

In  a  series  of  observations  made  in  1879  (Flint),  it  seemed  impossible  to 
account  for  the  heat  actually  produced  in  the  body  and  expended  as  force  in 
muscular  work  etc.,  by  the  heat-value  of  food  and  of  tissue  consumed.  The 
estimates  of  heat-production,  made  by  the  direct  method,  were  then  adopted; 
but  even  the  indirect  estimates,  which  were  much  less,  presented  difficulty, 
though  in  a  less  degree.  In  these  observations,  it  was  shown  that  water  was 
actually  produced  in  the  body  in  quantity  over  and  above  that  contained  in 
food  and  drink,  during  severe  and  prolonged  muscular  exertion.  It  was 
also  shown  that  water  was  produced  in  considerable  quantity  during  twenty- 
four  hours  of  abstinence  from  food.  It  has  been  shown  by  Pettenkofer  and 
Voit  that  "  the  elimination  of  water  is  very  much  increjised  by  work,  and 
the  increase  continues  during  the  ensuing  hours  of  sleep."    As  regards  the 
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oxidation  of  hydrogen  in  thia  formation  of  water,  it  is  pmVmblt*  that  th: 
hydrogen  of  the  tissuas  it;  used  and  that  the  matter  thns  eoQsiimt*«l  is  ^ij.- 
plied  again  to  the  tissues  in  order  to  maintain  the  phyasiologiral  staiun  lA  tl. 
organism.  Adding  the  heat-value  of  the  water  thus  produced  to  the  heat* 
vahie  of  food,  there  h  little  difficulty  in  aeeounting  for  the  heat  and  fortt 
actually  produced  and  expended. 

The  demonstration  tluit  water  is  actually  formed  within  the  orpinistn, 
under  certain  i-onditions,  not  only  completes  the  oxidation-theor>*  of  the  pn^^ 
duction  of  animal  heal^  but  it  atfurd^^  an  explanation  of  certain  phyi^iologi*  ;i] 
phenomena  that  have  been  heretofore  obscure.  It  is  well  known,  for  exam- 
pie,  that  a  proper  system  of  phviiical  traiiuug  will  reduce  the  fat  of  the  Ix^di 
to  a  minimom  consistrtit  with  health  and  streng'th.  This  involves  a  diet  con- 
taining  a  relatively  small  proportion  of  fat  and  liquids,  und  regnlar  masiulaf 
exercise  attended  with  profuse  sweating.  Muscular  work  increases  theelirm- 
nation  of  water,  while  it  also  exaggerates  for  the  time  the  calorific  proee^iiv. 
Muscular  exercise  undoubtedly  favors  the  cons^umption  of  the  non-nitrojfenitt^^l 
parts  of  the  body,  and  a  dimiuution  of  the  supply  of  fats,  carhuhydrato*^  and 
water  in  the  food  prevents,  to  a  certain  extent,  the  new  formation  of  fat.  In 
excessive  muscular  exertion,  the  prml action  of  water  is  increased  and  th 
circulation  becomes  more  active.  The  volume  of  blood  tlien  circulating 
the  Bkin  and  passing  through  the  lungB  in  a  given  time  is  relatively  io 
creased,  and  there  is  an  increased  discharge  of  water  from  these  surfa 
The  siime  condition  that  produces  an  increased  quantity  of  water  in  th 
body  and  has  a  tendency  to  exaggerate  the  process  of  calorification  seems 
produce  aUo  an  increai^ed  evaporation  from  the  surface,  which  server 
equalize  the  animal  tcmpeniture. 

Eqfiab'znlinH  of  the  Animal  Temperatifre, — A  study  of  the  phcnomemn 
caloritication  in  the  huoian  subject  has  shown  that  under  all  couditionas 
climate  the  general  heat  of  the  bxiy  is  equalized.     There  is  always  mop©  ( 
less  loss  of  heat  by  evaporation  froui  the  general  surface,  and  wtien  the  i 
round iug  atmosphere  is  very  cold*  it  becomes  desirable  to  reduce  tliiB  lofis 
the  minimum.     This  is  done  by  appropriate  clothing,  which  must  certainly 
regarded  m  a  physiological  necessity-     Clothiiig  protects  from  excr^ 
as  well  as  from  cold.     Thin,  porous  artielcs  moderate  the  heat  «*» 
efjualize  evaporation  and  afford  great  protection  in  hot  climates.    In  exoesiil 
cold,  elotluTig  lucKierates  the  loss  of  hesit  from  the  surface.     When  the 
is  not  exposed  to  curreuts  <if  air,  garments  are  iisefid  chiefly  as  iion-conduc 
ors,  imprisoning  many  layers  of  air,  which  are  warmetl  by  contact  with  tl 
person.     It  is  also  important  to  protect  the  body  from  the  wind,  which  givatl 
increases  the  loss  of  heat  by  evaporation. 

When  from  any  cause  thei-e  is  a  temlency  to  undue  elevation  of  the  he 
of  the  body,  cutaneous  transpimtion  is  inere-ased,  and  the  temperature  is  kc| 
at  the  proper  standard.  This  has  already  tK^en  considered  in  treating 
the  action  of  the  skin,  and  facts  were  noted  showing  that  men  can  wof 
when  exposed  to  a  heat  much  higher  than  that  of  the  body  iU»elf.  Tl 
quantity  of  vapor  that  is  lost  under  these  conditions  is  sometimes  very  i 
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Tillet  recorded  an  instance  of  a  young  girl  who  remained  in  an  oven  for  ten 
minutes  without  inconvenience,  at  a  temperature  of  324*5°  Fahr.  (162-5°  C). 
Blagden,  in  his  noted  experiments  in  a  heated  room,  made  in  connection  with 
Banks,  Solander,  Fordyce,  and  others,  found  in  one  series  of  observations,  that 
a  temperature  of  211°  Fahr.  (99-5°  C.)  could  be  easily  borne;  and  at  another 
time  the  heat  was  raised  to  260°  Fahr.  (126*5°  C).  Under  these  extraordi- 
nary external  conditions,  the  body  is  protected  from  the  radiated  heat  by 
clothing,  the  air  is  perfectly  dry,  and  the  animal  temperature  is  kept  down 
by  increased  evaporation  from  the  surface. 

It  is  a  curious  fact  that  after  exposure  of  the  body  to  an  intense,  dry  heat 
or  to  a  heated  vapor,  as  in  the  Turkish  or  Russian  baths,  when  the  general 
temperature  is  somewhat  raised  and  the  surface  is  bathed  in  perspiration,  a 
cold  plunge,  which  checks  the  action  of  the  skin  almost  immediately,  is  not 
injurious  and  is  decidedly  agreeable.  This  presents  a  striking  contrast  to  the 
effects  of  sudden  cold  upon  a  system  heated  and  exhausted  by  long-continued 
exertion.  In  the  latter  instance,  when  the  perspiration  is  suddenly  checked, 
serious  disorders  of  nutrition,  with  inflammation  etc.,  are  liable  to  occur.  The 
explanation  of  this  seems  to  be  the  following :  When  the  skin  acts  to  keep 
down  the  temperature  of  the  body  in  simple  exposure  to  external  heat,  there 
is  no  modification  in  nutrition,  and  the  tendency  to  an  elevation  of  the  ani- 
mal temperature  comes  from  causes  entirely  external.  It  is  a  practical  ob- 
servation that  no  ill  effects  are  produced,  under  these  circumstances,  by  sud- 
denly changing  the  external  conditions ;  but  when  the  animal  temperature 
is  ndsed  by  a  modification  of  the  internal  nutritive  processes,  as  in  prolonged 
muscular  effort,  these  changes  should  not  be  suddenly  arrested ;  and  a  sup- 
pression of  the  compensative  action  of  the  skin  is  liable  to  produce  disturb- 
ances in  nutrition,  often  resulting  in  inflammations. 

Relations  of  Heat  to  Force. 

Since  the  development  of  the  theory  of  the  conservation  of  forces,  which 
had  its  origin  in  an  essay  published  by  J.  R.  Mayer,  in  1842,  physiologists 
have  applied  the  laws  of  correlation  and  conservation  of  forces  to  operations 
involving  the  production  of  heat  and  the  development  and  expenditure  of 
force  in  animals.  This  theory,  if  applicable  to  what  were  formerly  called 
vital  operations,  certainly  affords,  in  its  definite  quantities  of  heat  and  force  as 
expressed  in  heat-units  and  foot-pounds,  a  basis  for  calculating  the  absolute 
value  of  material  changes  in  the  body.  Without  discussing  the  purely  physi- 
cal questions  involved,  the  laws  of  correlation  and  conservation  of  forces,  as 
they  are  applicable  to  human  physiology,  may  be  briefly  stated  as  follows : 

Potential  energy  is  something  either  residing  in  or  impai*ted  to  matter, 
which  is  capable  of  being  converted  directly  or  indirectly  into  heat.  The 
animal  body,  for  example,  is  a  store-house  of  potential  energy.  Its  tissues 
may  be  made  to  unite  with  oxygen  and  heat  is  produced.  Any  body  may 
have  potential  energy  imparted  to  it  If  a  weight  be  raised  to  a  certiiiu 
height,  when  the  force  which  has  accomplished  this  work  is  exhausted,  the 
potential  ejiergy  imparted  to  the  weight  causes  it  to  fall,  and  iu  tliis  fall,  heat 
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is  produced.  The  weight  may  be  supported  at  the  height  to  which  it  hw 
been  raised,  far  an  hide  finite  time  ;  but  it  still  possesses  the  p<itential  i*in  rn 
which  htus  been  imparted  to  it,  and  when  the  support  is  removed,  thiiS  p»»tr;, 
tial  energy  is  converted  into  force  which  may  be  converted  into  heut.  I'nt^ij. 
tial  energy  may  l)e  converted  directly  into  heat,  a;s  when  a  hwly  u  oxidized. 
It  is  converted  indirectly  into  heat,  when  movement,  falling  or  other  force  h 
produced,  for  all  force  may  be  converted  into  heat.  This  conversion  into 
heat,  directly  or  indirectly,  affords  a  convenient  measure  of  potential  enerjri 
Using  the  example  of  the  change  of  potential  energvMnto  heat  by  nu-hi 
tion,  the  energy  8toi*ed  up  in  matter  is  measured  by  estiniatitig  the  htau 
produced  by  oxidation,  as  so  many  beat-units.  Using  the  examjde  uf  fallitig 
force  imparted  to  a  weight,  the  potential  energy  imparted  to  the  iMjdy  is  v»U* 
mated  by  cakndating  the  heat  produced  by  the  body  fidling. 

If  the  entire  body  of  an  animal  were  burned  in  a  calorimeter,  the  hm 
produced  would  be  an  exact  measure  of  the  potential  energy  of  the  ti*^ne«» 
converted  into  heat  by  oxidation.  If  one  can  imagine  an  animal  pv 
quiescent,  neither  losing  nor  gaining  weight,  nourished  by  food,  exp»  ^ 
no  force  in  circulation  and  respiration,  but  9UppUe<i  with  oxygen,  the  poten- 
tial energy  of  the  food  could  be  measured  by  the  heat  pnxluceiL  In  animal 
organisms,  heat  is  produt'ed  mainly  by  oxidation,  tdthougli  other  cheinioal 
processes  contribute  to  the  production  of  heat,  to  some  extent.  The 
contains  the  potential  energy  stored  up  in  it^  tissues.  The  oxygen  taken 
by  respiration  changes  a  certain  part  of  this  potential  energy  into  heat 
food  be  not  supplied  in  adequate  cjuantity,  the  body  loses  weight  by 
change  of  tissue  into  certain  nuitters,  such  as  carbon  dioxide,  water  and 
which  are  discharged.  Food  supplit^s  the  waste  of  tissue  and  is  the  ultir 
source  of  the  potential  energy  of  the  bcMly.  If  food  be  supplied  in  exec 
that  which  is  not  in  some  form  discharged  from  the  boily  remains  and 
to  the  total  potential  energy  stored  up  in  the  organism. 

Kinetic  energy  is  mechanical  force.     It  is  the  force  of  a  falling  body,  < 
as  reganls  animal  mechanics,  it  is  muscular  force  used  in  respiration,  cir 
lation  or  any  kind  of  nmscular  work.     In  physics,  kinetic  energy,  or  fofl 
and  heat  are  regarded  as  mutually  convertible.     The  reasoning  by  which  tfi! 
law  wiis  formulated  is  the  following: 

The  force  used  in  raising  a  weight  to  a  certain  height,  which  is  imj 
to  the  weight  as  potential  energy,  is  precisely  equal  to  the  force  develi>pe<il 
this  body  as  it  falls.  If  tliis  force  coukl  be  transmitted  to  another  Uniy 
equal  weight,  without  any  expenditure  of  energy  in  friction,  it  would 
the  second  weight  to  an  equal  height.  The  arbitrary  unit  of  this  force  iil 
foot-pound  or  a  kilogram metn?,  terms  which  have  already  been  defined.  The 
falling  of  a  hmly  of  a  certain  weight  through  a  definite  distance  [trmluces  a 
definite  quantity  of  heat  that  it^self  is  capable  of  producing  force;  and  it  is 
assumed  that  the  heat  produced  by  a  falling  body,  if  absolutely  and  entirely 
converted  into  force,  would  raise  that  bmly  to  the  height  from  which  it  had 
fallen,  or  would  exactly  equal  the  fidling  force.  A  heat-unit  is  therefore  said 
to  be  erjual  to  a  definite  number  of  foot-pounds  or  kilogrammetrea     Cal- 
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culations  have  been  made  showing  the  conversion  of  foot-pounds  or  kilo- 
grammetres  into  heat-units,  but  mechanical  difficulties  have  thus  far  pre- 
Tenied  the  actual  conversion  of  heat-units  into  their  equivalents  in  foot-pounds 
or  kilogrammetres.  As  a  matter  of  reasoning,  however,  it  is  assumed  that  if 
a  certain  number  of  foot-pounds  or  kilogrammetres  be  equal  to  a  certain 
number  of  heat-units,  the  reverse  of  the  equation  is  true ;  but  in  the  applica- 
tion of  this  law  to  animal  physiology,  it  is  always  by  a  conversion  of  heat- 
units  into  foot-pounds  or  kilogrammetres.  The  experiments  on  which  the 
law  rests  have  been  made  by  converting  foot-pounds  or  kilogrammetres  into 
heat-units. 

In  work  by  machinery  a  very  large  proportion  of  the  force-value  of  fuel 
is  dissipated  in  the  form  of  heat  This  is  well  illustrated  by  Landois.  If  a 
steam-engine  burning  a  certain  quantity  of  coal,  but  doing  no  work,  be 
placed  in  a  calorimeter,  the  heat  produced  can  be  measured.  If,  now,  the 
engine  be  made  to  do  a  certain  work,  as  in  raising  a  weight,  the  heat,  as 
measured  by  the  calorimeter,  will  be  less  and  the  work  done  is  found  to  be 
very  nearly  proportional  to  the  decrease  in  the  measured  heat  (Him).  It  is 
estimated  by  Landois,  that  of  the  heat  produced  by  the  body,  one-fifth  may 
be  used  as  work.  In  the  best  steam-engine,  it  is  possible  to  use  only  one- 
eighth  as  work,  seven-eighths  being  dissipated  as  heat. 

Many  elaborate  and  careful  estimates  have  been  made  of  the  mechanical 
work  produced  by  the  human  body.  The  basis  of  such  calculations  is  more 
or  less  indefinite,  and  the  reduction  of  the  work  to  foot-pounds  or  kilogram- 
metres is  difficult  and  inexact.  Even  the  general  statement,  that  of  the 
heat-units  produced  by  the  body,  four-fifths  remain  as  heat  and  one-fifth  is 
converted  into  work,  must  be  regarded  as  merely  approximate. 

In  the  animal  organism,  a  part  of  the  potential  energy  of  the  tissues  may 
be  converted  into  force  by  voluntary  effort.  In  fevers,  an  abnormally  large 
proportion  of  the  potential  energy  of  the  organism  is  converted  into  heat, 
and  it  is  not  possible  to  use  much  of  this  energy  as  force.  These  and  other 
peculiarities  of  living  bodies,  as  regards  the  production  of  heat  and  force, 
are  difficult  of  explanation.  In  the  essential  fevers,  the  conditions  which 
involve  the  abnormal  production  of  heat  finally  consume  the  substance  of  the 
tissues.  They  involve  especially  an  increased  production  of  carbon  dioxide 
and  urea  and  not  to  any  great  extent  the  formation  of  water.  If  heat-pro- 
ducing alimentary  substances  and  alcohol  can  be  introduced  and  consumed, 
the  tissues  are  thereby  proportionally  saved  from  destruction  and  degenera- 
tions. 
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CHAPTER   XV. 
MOVEMENTS-VOICB  ASD  SPEECH. 

phousrontractilf  piibptanci-  and  aoKTbotd  iiiioveinetit»-^Iiar7  morwaacot*— M'-'Lv  riinr-      .  r 
ticity— Elastic  ti»«ue— Mn^ouiiu-  movi^meot*— Phyviological  aivatonij  of  tlie  inviMiuirjirv  ilj  j-'  n" 
— Conlmction  of  ihc  involuntao'  iniutcnUr  liwae — PfarirNilQglc«l  uiftkiiaj  of  il        -        tn  ma*ti*i 
tUMiie— Cuiinective  Um«ii»— CantKM.*tiou  of  the  muBclcs  with  the  trndon^^Cbtnu  ii«B«f  tW 

init»(-le» — ^Phy^irdogicfll  imyperties  of  the  miiBcles— Mnvcnlar  coiitmctiHtj.  vt  '  ^ -^maim 

con  tract  iua—£ie>ctrie  phenotnena  in  mu»cle«— MuacuJar  effort— Pawive  or^ti^  of  k«txjittMi  ima  Flyi^ 
Jijgicai  artAtomy  of  the  boivif!»^Phjr«Jok)gicaJ  aoaiORiy  of  cArtiUge — VoJ^cc  ajiU  »pi-cch— Hkdeb  at  tl* 
phyHloloffical  anatomy  of  the  voi'ai  urgutis — Mechanism  of  \h^  iirtxlurtliTt]  cif  the  tvUftB—igrft^m 
mechaniam  of  the  vocal  regij»t(ur»— Mechanism  of  ipeecb— -Thte  phomigmi^tti. 

The  various  processes  connected  with  the  nutrition  of  animals  mtolrr 
certain  movement.^;  and  alma^ist  all  animals  possess  in  addition  the  power 
of  locomotion.     Many  of  the^^^  movements  have  of  necessity  been  coiwiilfTFri 
in  connection  with  the  ditfei'ent  functions;  as  the  action  of  the  heart  aiwJ 
vessels  in  the  circulation,  tlie  uses  of  the  muscles  in  respiration,  the  ciliin 
movtjments  in  the  air-pii^sages,  the  muscular  acts  in  deglutition^  the  peri- 
staltic movements  and  the  mechanism  of  defalcation  and  urination.    There 
remain,  however,  certain  general  facts  with  regard  to  vaiious  kinds  of  movi*. 
ment  and  the  mode  of  action  of  the  different  varieties  of  muscular  tianie, 
tliat  will  demand  more  or  less  extended  consideration.     As  regards  the  vaiieil 
and  complex  acts  concerned  in  locomotion,  it  is  difticult  to  fix  a  limit  between 
anatomy  and  physiology.     A  full  comprehension  of  such  movements  sboaM  ! 
be  preceded  by  a  complete  des<:*riptive  anatomical  account  of  the  passive  and 
active  organs  of  locomotion ;  and  special  treatises  on  anatomy  give  the  u^ca 
'  and  actions  as  well  as  the  structure  and  relations  of  these  parts. 

Amorphous  Con  tract  He  Subtitttnee  and  Amwboid  Movements, — Ineomeof  j 
the  lowest  forms  of  beings,  in  which  hardly  t%ny  thing  but  amorphous 

ter  and  a  few  granules  can  be  reooi^l 
nized  by  the  microscope, 
movements  of  elougEtion  and 
tion  of  their  amorphous  sabel 
have  been  observed.  In  the  hi 
animals,  similar  movements  hare 
been  noticed  in  certain  of  their  struct* 
ures,  such  as  the  leuccKi'Vtes,  the  eon* 
niKu^rii  hy  ihv  nr  tcuts  of  tlic  ovuffi,  epithelial  ceUsand 
connec^tive-tissue  cells.  These  mo^^ 
ments  generally  are  simple  changes  in  the  form  of  the  t^U,  nucleus,  or  what- 
ever it  may  Ik*.  They  depi*nd  ujion  an  organic  principle  formerly  ctalled  aw- 
code  and  now  known  as  protoplasm ;  but  it  is  not  known  that  such  move- 
ments are  characteristic  of  any  one  definite  constituent  of  the  body,  nor  is  it 
easy  to  determine  their  cause  and  their  physiological  importance-*  In  the 
anatomical  elements  of  adult  animals  of  the  higher  classes,  those  movenienta 
usually  appear  slow  and  gradual,  even  when  viewed  with  high  magnifying 
powers;   but  in  some  of  the  very  lowest  forms  of  life,  these  movements 
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83rve  as  a  means  of  progression  and  are  more  rapid.  Such  movements  are 
called  amoeboid.  It  does  not  seem  possible  to  explain  the  nature  and  cause 
of  the  movements  of  homogeneous  contractile  substance ;  and  it  must  be  ex- 
cessively difficult,  if  not  impossible,  to  observe  directly  the  effects  of  differ- 
ent stimuli,  in  the  manner  in  which  the  movements  of  muscles  are  studied. 
They  seem  to  be  analogous  to  the  ciliary  movements,  the  cause  of  which  is 
equally  obscure. 

Ciliary  Movements. — The  epithelium  covering  certain  of  the  mucous 
membranes  is  provided  with  little,  hair-like  processes  upon  the  borders  of 
the  cells,  called  cilia.  These  are  in  constant  motion,  from  the  beginning  to 
the  end  of  life,  and  they  produce  currents  upon  the  surfaces  of  the  mem- 
branes to  which  they  are  attached,  the  direction  being  generally  from  within 
outward.  In  man  and  in  the  warm-blooded  animals  generally,  the  ciliated 
or  vibratile  epithelium  is  of  the  variety  called  columnar,  conoidal  or  pris- 
moidal.  The  cilia  are  attached  to  the  thick  ends  of  the  cells,  and  they  form 
on  the  surface  of  the  membrane  a  continuous  sheet  of  vibrating  processes. 
In  general  structure  the  ciliary  processes  are  entirely  homogeneous,  and  they 
gradually  taper  from  their  attachment  to  the  cell  to  an  extremity  of  excess- 
ive tenuity. 

The  presence  of  cilia  has  been  demonstrated  upon  the  following  surfaces : 
The  respiratory  passages,  including  the  nasal  fossae,  the  pituitary  membrane, 
the  summit  of  the  larynx,  the  bronchial  tubes,  the  superior  surface  of  the 
velum  palati  and  the  Eustachian  tubes;  the  sinuses  about  the  head;  the 
lachrymal  sac  and  the  internal  surface  of  the  eyelids ;  the  genital  passages  of 
the  female,  from  the  middle  of  the  neck  of  the  uterus  to  the  fimbriated 
extremities  of  the  Fallopian  tubes ;  the  ventricles  of  the  brain.  In  these 
situations,  on  each  cell  of  conoidal  epithelium  are 
six  to  twelve  prolongations,  about  ^jhsj^  ^^  ^^  ^^^^ 
(1  fi)  in  thickness  at  their  base,  and  -^-^  to  -^-^-^ 
of  an  inch  (5  to  6  fi)  in  length.  Between  the  cilia 
and  the  substance  of  the  cell,  there  is  usually  a 
thin,  transparent  disk.  The  appearance  of  the  cilia 
is  represented  in  Fig.  143.  When  seen  in  situ, 
they  appear  regularly  disposed  upon  the  surface, 
are  of  nearlv  equal  length  and  are  generally  slight- 
ly inclined  "in  the  direction  of  the  opening  of  the  ^'^-  ^^"(Sol^r''''"''""' 
cavity  lined  by  the  membrane. 

When  the  ciliary  movements  are  seen  in  a  large  number  of  colls  in  situ, 
the  appearance  is  well  illustrated  by  the  comparison  by  Henle  to  the  undula- 
tions of  a  field  of  wheat  agitated  by  the  wind.  In  watching  this  movement, 
it  is  usually'  seen  to  gradually  diminish  in  rapidity,  until  what  at  first  ap- 
peared simply  as  currents,  produced  by  movements  too  rapid  to  be  studied 
in  detail,  become  revealed  as  distinct  undulations,  in  which  the  action  of 
individual  cilia  can  be  readily  studied.  Several  kinds  of  movement  have 
been  described,  but  the  most  common  is  a  bending  of  the  cilia,  simultaneously 
or  in  regular  succession,  in  one  direction,  followed  by  an  undulating  return 
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to  the  perpendicular.  The  other  movements,  such  as  the  infundibaliforni, 
in  which  the  point  describes  a  circle  around  the  base,  the  pendulnm-moTis 
ment  etc.,  are  not  common  and  are  unimportant 

The  combined  action  of  the  cilia  upon  the  surface  of  a  mucous  mem- 
brane, moving  as  they  do  in  one  direction,  is  to  produce  currents  uf  con«itl* 
erable  power.  This  may  be  illustrated  under  the  microscope  by  covering  tbr 
surface  with  a  liquid  holding  little,  solid  particles  in  suspension ;  when  tbr 
granules  are  tossed  from  one  portion  of  the  field  to  another,  with  cf«n '! 
erable  force.  It  is  not  difficult,  indeed,  to  measure  in  this  way  the  rdinn^^ 
of  the  ciliary  currents.  In  the  frog  it  has  been  estimated  at  ^^^  to  ykj  ^^  ^ 
inch  (100  to  140  /a)  per  second,  the  number  of  vibratile  movements  being 
seventy-five  to  one  hundred  and  fifty  per  minute.  In  the  fresh-wiitcr  jmlyp 
the  movements  are  moi'e  rapid,  being  two  hundred  and  fifty  or  three  handmi 
per  minute.  There  is  no  reliable  estimate  of  the  mpidity  of  the  ciliary  cur- 
rents in  man,  but  they  are  probably  mort;  active  than  in  aniEnalis  low  lu  the 
sc-ale. 

The  movements  of  cilia,  like  those  observed  in  fully  developed  spemMUo- 
zoids^  seem  to  be  independent  of  nervous  influence,  and  they  are  affected  only 
by  local  conditions.     They  will  continue,  under  favorable  circumsiancea,  for 
more  than  twentj^-four  hours  after  death,  and  they  can  be  seen  in  cells  entiPBh, 
ly  detached  from  the  body  when  they  are  moistened  with  proper  fiutdg. 
the  cells  are  moistened  with  pure  water,  the  activity  of  the  movement  u 
first  increased;  but  it  soon  disappears  as  the  cells  become  swollen.    Acu 
arrest  the  movement,  hut  it  may  be  excited  by  feebly  alkaline  solutionfi. 
There  seems  to  he  no  possibility  nf  explaining  the  movement  except  by  t 
simple  statement  of  the  fact  that  the  cilia  have  the  property  of  moving  in  i 
certain  way  so  long  as  they  are  under  normal  conditions.     As  regards  ihe 
physiological  uses  of  these  movements,  it  is  sufiicient  to  refer  to  the  r^ " 
ology  of  the  parts  in  which  cilia  are  found,  where  the  peculiarities  of 
action  are  considered  more  in  detail.     In  the  lungs  and  tlie  air-poss^iges  gen- 
erally and  in  the  genital  passa^s^es  of  tlie  female,  the  currents  are  of  consic^ 
erable  importiuiee ;  but  it  is  difiicult  to  imagine  the  use  of  these  movcmenu 
in  certain  other  situations,  as  the  ventricles  of  the  brain. 

Movements  due  to  Ehatidhj, — There  are  certain  important  moremi 
in  the  body  that  are  due  simply  to  the  action  of  elastic  ligaments  or 
branes.     These  are  distinct  from  muscular  movements,  and  are  not  eveji 
be  classed  ^vith  the  movements  produced  by  the  resiliency  of  muscular 
in  which  muscular  tonicity  is  more  or  leas  involved.     Movements  of  this 
consist  simply  in  the  return  of  movable  parts  to  a  certain  position  after 
have  been  displaced  by  muscular  action,  and  in  the  reactitju  of  tubea 
forcible  distention,  a^  in  the  walls  of  the  large  arteries. 

ElaMfic   TisHue, — Most  anatomists  adopt  the   division  of  the  el 
of  elastic  tissue  into  three  varieties.      This  *li vision  relates  to  the  Me 
the  fibres;  and  all  varieties  are  found  to  posses  essentially  the  same  ch^ 
ical  composition  and  general  properties.     On  account  of  the  ^-cllow  color 
this  tissue,  presenting,  as  it  di^a,  a  strong  contract  to  the  white,  gl 
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'.ppearance  of  the  inelastic  fibres,  it  is  frequently  called  the  yellow,  elastic 
tissue. 

The  first  Tariety  of  elastic  tissue  is  composed  of  small  fibres,  generally  in- 
termingled with  fibres  of  the  ordinary  inelastic  tissue.  They  possess  all  the 
chemical  and  physical  charac- 
ters of  the  larger  fibres,  but  are 
very  fine,  measuring  ^bIo^  ^ 
tAtt  or  xAt  of  an  inch  (1  to  4 
or  5  ft)  in  diameter.  If  acetic 
acid  be  added  to  a  preparation 
of  ordinary  connective  tissue, 
the  inelastic  fibres  are  rendered 
semi-transparent,  but  the  elas- 
tic fibres  are  unaffected  and  be- 
come quite  distinct.  They  are 
then  seen  isolated,  that  is,  never 
arranged  in  bundles,  generally 
with  a  dark,  double  contour, 
branching,  brittle,  and  when 
broken,  their  extremities  curled 
and  presenting  a  sharp  fract- 
ure, like  a  piece  of  India-rubber.  These  fibres  pursue  a  wavy  course  between 
the  bundles  of  inelastic  fibres  in  the  areolar  tissue  and  in  most  of  the  ordinary 
fibrous  membranes.  They  are  found  in  greater  or  less  abundance  in  the 
situations  just  mentioned ;  in  the  ligaments,  but  not  the  tendons ;  in  the  lay- 
ers of  non-striated  muscular  tissue ;  the  true  skin ;  the  true  vocal  chords;  the 
trachea,  bronchial  tubes,  and  largely  in  the  parenchyma  of  the  lungs ;  the 
external  layer  of  the  large  arteries ;  and,  in  brief,  in  nearly  all  situations  in 
which  the  ordinary  connective  tissue  exists. 

The  second  variety  of  elastic  tissue  is  composed  of  fibres,  larger  than  the 
first,  ribbon-shaped,  with  well-defined  outlines,  anatomosing,  undulating  or 

^  ^ curved  in  the  form  of  the  letter  S,  presenting  the  same 

curled  ends  and  sharp  fracture  as  the  smaller  fibres. 
These  measure  j^j^  to  ^^^  of  an  inch  (5  to  8  ft)  in  di- 
ameter. Their  type  is  found  in  the  ligamenta  subflava 
and  the  ligamentum  nucha?.  They  are  also  found  in 
some  of  the  ligaments  of  the  larynx,  the  stylo-hyoid  liga- 
ment and  the  suspensory  ligament  of  the  penis. 

The  third  variety  of  elastic  tissue  is  found  forming 

Fio '  146.  ^LargeTuutic  ^^®  middle  coat  of  thc  large  arteries,  and  it  has  alrojidy 

^H^brane^'/r^mvi  ^^^^  described  in  connection  with  the  vascular  system. 

mn/ui(^L  LrJ^:  "^^^  fibres  are  large  and   flat,  inosculating  freely  with 

JJ^friouiker) ''"*"**'  ^^^  other  by  short,  communicating  branches.     These 

anastomosing  fibres,  forming  the   so-called  fenestrated 

membranes,  are  arranged  in  layers,  and  the  structure  is  sometimes  called  the 

lamellar  elastic  tissue. 
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The  great  re«i§tsinca  which  the  elastic  tissue  presents  to  chemical  acck« 
aerres  to  disti aguish  it  from  nearly  every  other  stnicinre  in  the  bodj.  llii 
not  i^ected  by  acetic  acid  or  by  boiling  with  sodium  hydrate.  ItmmA  bb^ 
ened  by  prolonged  boiling  in  water^  but  it  ia  slowly  disaolred^  withoat  dtcom- 
position,  by  sulphuric,  nitric  or  hydrochloric  a<    '  '  not  brraj 

precipitable  by  pot assii urn  hydrate.     Its  organie  -  uirogettiAti 

gubgtance  called  elastine,  containing  carbon,  hydrogen,  oxygen  and  tiitit>|rn^ 
without  sulphur.  This  is  supposed  to  be  identical  with  the  flmaolaiiiiii  of 
llie  muscular  tissue. 

The  purely  physical  property  of  elasticity  plays  an  importaitl  pairt  in 
many  of  the  animal  functions.  Examples  of  this  are  in  the  actaoa  o(  the 
large  arteries  in  the  circulation,  and  in  the  resiliency  of  the  parencbjmia  of 
the  lungs.  The  ligamcnta  subflava  and  the  ligamentum  nuchse  are  important 
in  aiding  to  maintain  the  erect  position  of  the  body  and  head  and  to  r^stun* 
this  position  when  flexion  has  been  produced  by  musciUar  action.  Still,  lb 
contraction  of  muscles  also  is  necessary  to  keep  the  body  in  a  vertical  poft- 
tion. 
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Tlie  muscular  movements  are  divided  into  voluntary  and  tni 
and  generally  there  is  a  C4:>rresponding  division  of  the  muscles  as  i^gmli 
their  minute  anatomy.  The  latter,  however,  i^  not  absolute ;  for  tfafiiBani  oir- 
tain  involuntary  actions,  like  the  contractions  of  the  heart  or  the  movemeafi 
of  deglutition,  that  require  the  rapid,  vigorous  contraction  characteristic  of 
ilie  voluntary  muscular  tissue,  and  here  the  structure  reeemblea  tliat  of 
voluntary  mascies.  With  a  few  exceptions,  however,  the  anatomical  di^ 
of  the  muscular  tissue  into  voluntary  and  involuntary  is  sufficiently  dkt 

Fktfsiohffical  Anatomif  of  the  Involuntary  Muscular  Tisnue. — ^The  invflP 
imtary  muscular  system  presents  a  striking  contrast  to  the  voluntary  mu«deai 
not  only  in  it«  minute  anatomy  and  mode  of  action,  but  in  the  arTangenifnT 
of  its  fibres.     While  the  voluntary  musclcij  are  almost  invariably  attachetl  ^ 
their  extremities  to  movable  parts,  the  involuntary  muscles  form  nhret*  or 
membranes  in  the  walls  of  hollow  organs,  and  by  their  contraction,  the?r  siis- 
ply  mijdify  tlie  capacity  of  the  cavities  which  they  surround.     On  ac<*o«nl  of 
tlie  peculiar  structure  of  the  fibres,  they  have  been  called  mtiscular  fibitHjeHa, 
smooth  muscular  fibres^  pale  fibres,  non-striated  fibres,  fusiform  tibrefi  and  o«rti- 
traetile  cells.     The  <listribution  of  these  fibres  to  parts  concerned  in  the  <*- 
ganic  functions,  as  the  alimentary  canal,  has  given  them  the  name  ol  organr 
muscular  fibres,  or  fibres  of  organic  life.     In  their  natural  condition,  ilw' 
involuntary  muscular  fibi-es  ai'e   pale,  finely  granular,  flattened,  ^kn^  of  u\ 
elongated  spindle-shape,  with  a  very  long,  narrow,  almost  linear  nucleus  tii 
the  centre.     The  nucleus  generally  lias  no  distinct  nucleolus,  and  it  is  doioe^ 
times  curved  or  shaped  like  the  letter  S.     The  ordinary  length  of  tboM  fibr» 
is  about  jfy  (*50  ^)  and  their  breadth,  about  ^^^  of  an  inch  (0  ^).     In  the 
gravid  uterus  they  undergo  remarkable  hypertrophy,  measuring  here  ^  to^ 
of  an  inch  (*')(X)  to  500  /a)  in  length,  and  fVnr  ^^  ^^  ^^^^  (^'^  ^)  '^  breadth. 
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In  the  contractile  sheets  formed  of  involuntary  mnscular  tissue,  the  fibres 
are  arranged  side  by  side,  are  closely  adherent,  and  their  extremities  are,  as 


Fio.  148.— Jfiwcwter  fhrt9 
th€ 


from  the  aorta  of  the 
calf:      maqnijled 


diametent  (Sappey). 
1,1,  fibres  joined  with  each 
other;   2,  8,  8,  isoUted 
fibres. 


Fio.  \4li.— Muscular  f(bre9  fnm,  the  uterus  of 
a  ivoman  tchi}  died  at  the  ninth  month  of 
vterogeatation  ;  magnified  860  diameters 
(Sappey). 

1, 1,  8,  short,  wide  fibres ;  8, 4,  5. 5,  lonf^r  and 
narrower  fibres ;  6.  6,  two  fibres  united 
at  7 ;  8,  small  fibres  in  process  of  develop- 
ment. 


Flo.  147.— JfiMculor  fibres 
from  the  urinary  blad- 
der of  the  human  sul^ject ; 
magnified  200  diameters 
(Sappey). 

1,  1,  1,  nuclei :  2, 2,  8,  bor- 
ders of  some  of  the 
fibres :  8,  8,  isolated 
flbreR:  4,  4,  two  fibres 
joined  together  at  6. 

it  were,  dove-tailed  into  each  other.  Generally  the  borders  of  the  fibres  are 
regular  and  their  extremities  are  simple ;  but  sometimes  the  ends  are  forked 
and  the  borders  present  one  or  more  little  projections.  The  fibres  seldom 
exist  in  a  single  layer  except  in  the  very  smallest  arterioles.  Usually  the  layers 
are  multiple,  being  superimposed  in  regular  order.  The  action  of  acetic  acid 
is  to  render  the  fibres  pale  so  that  their  outlines  become  almost  indistin- 
guishable, and  to  bring  the  nuclei  more  distinctly  into  view. 

Contraction  of  the  Involuntary  Musndar  Tissue. — The  mode  of  contrac- 
tion of  the  involuntary  muscles  is  peculiar.  It  does  not  take  place  immedi- 
ately upon  the  reception  of  a  stimulus,  applied  either  directly  or  through  the 
nerves,  but  it  is  gradual,  enduring  for  a  time  and  then  followed  by  slow  and 
gradual  relaxation.  A  description  of  the  peristaltic  movements  of  the  intes- 
tines gives  an  idea  of  the  mode  of  contraction  of  these  fibres,  with  the  grad- 
ual propagation  of  the  stimulus  along  the  alimentary  canal  as  the  food  makes 
its  impression  upon  the  mucous  membrane.  Another  illustration  is  aflForded 
by  labor-pains.  These  are  due  to  the  muscular  contractions  of  the  uterus, 
and  they  last  for  a  few  seconds  or  one  or  two  minutes.  Their  gradual  access, 
continuation  for  a  certain  period,  and  gradual  disappearance  coincide  with 
the  history  of  the  contractions  of  the  involuntary  muscular  fibres. 

The  contraction  of  the  involuntary  muscular  tissue  is  slow,  and  the  fibres 
return  slowly  to  a  condition  of  repose.     The  movements  are  iilways  involun- 
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tary.  Peristaltic  action  is  the  rnle^  and  the  contractioti  takes  place  pngim- 
ively  and  without  oscillations.  Contractility  peraiats  for  a  long  time  after 
death.  Excitation  of  the  m^rves  has  less  inflaence  upon  contraction  of  thm 
fibres  than  direct  excitation  of  the  muscles.  The  in?olantary  musculir  li^ 
sne  is  regenerated  very  rapidly,  while  the  structure  of  the  voluntary  mnscki 
is  restored  with  great  difficulty  after  destruction  or  division  (Legroe  and  Oai- 
mus). 

Physiohgkal  Anatoniy  of  the  Voluntary  Muscular  Tissue. — A  ToluntOT 
muscle  contains^  in  addition  to  its  peculiar  contractile  gubstance,  fibres  of  ia- 
elastic  and  elastic  tissue,  adipose  tissue^  abundant  blood-vessels,  nerves  atid 
lymphatics,  with  certain  nuclear   and  cellular  anatomical    elenientfv    The 
muscular  system  in  a  well  proportioned  man  is  equal  to  about  two-fifths  of  tk' 
weight  of  the  body  (SapiKn)*     Its  nutrition  consumes  a  large  j^' 
the  reparative  material  of  the  blood,  while  ita  diaasdmilation  fun 
responding  quantity  of  excrementitioos  matter.    The  condition  of  the  muv 
cular  system,  indeed,  is  an  almost  onfailing  evidence  of  the  general  - 
tlie  body,  allowing,   of  course,   for    peculiarities   in  different   indi 
Among  the  characteristic  properties  of  the  muscles,  are  elasticity,  a  k 
and  insensible  tendency  to  contraction,  called  tonicity,  the  power  of  comnir;- 
ing  forcibly  on  the  reception  of  a  projKT  stimulus,  and  a  peculiar  kind  of 
Bensibility.     The  relations  of  particular  muscles,  as  taught  by  descriptive  aaat- 
omy,  involve  special  acts ;  but  the  most  important  physiological  p<iints  «m- 
nect^xl  Avith  this  sptem  relate  to  the  general  properties  and  uses  of  the  ma*- 
cles. 

The  voluntary  muscles  are  miule  up  of  a  great  number  of  microecofiic 
fibres,  known  as  the  primitive  muscular  fasciculi.  These  are  called  red^stri- 
ated  or  voluntary  fibres.  Their  structure  is  complex,  and  they  may  be  eab- 
divided  longitudinally  into  fibrillar  and  transversely  into  disks.  In  very  short 
muscles,  some  of  the  primitive  fasciculi  may  run  the  entire  length  of  the 
muscle;  but  the  fasciculi  usually  are  12  to  10  inoli  (30  to  40  njm.)  in 
length.  The  fasciculi,  however,  do  not  inosculate  with  each  other,  but  ihf 
end  of  one  fasciculus  is  united  longitudinally  with  the  end  of  another  by  i 
strongly  adhesive  substance,  the  Hue  of  union  being  oblique ;  so  that  the  fibiw 
practically  run  the  entire  length  of  the  muscle.  Each  fasciculus  is  endoeeil  in 
its  own  sheath,  without  branching  or  inosculation.  This  sheath  contiiiis 
the  true  muscular  substance  only,  and  it  is  not  penetrated  by  blood-T«8el3» 
nerves  or  lymphatics.  In  a  thin,  transverse  section  of  a  muscle^  the  divided 
ends  of  the  fibres  present  an  irregularly  polygonal  form  with  rounded  oiw* 
ners.  They  seem  to  be  cylindrical,  however,  when  vieiired  in  their  length  and 
isolate*!  Their  color  by  transmitted  light  is  a  delicate  amber,  raembfiiig 
the  color  of  the  blood-corpuscles. 

The  primitive  fasciculi  vary  very  much  in  size  in  different  indiTid 
the  same  individual  under  different  conditions,  and  in  different  muscles.    As 
a  rule  they  are  smaller  in  young  |>ersons  and  in  females  than  in  adult  males. 
They  are  comparatively  small   in  persons  of  slight  muscular  development 
In  persons   of  great  muscular  vigor,  or  when  the  general  muscular  system  or 
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particular  muscles  have  been  increased  in  size  and  power  by  exercise*  the  fas- 
gculi  are  relatively  larger.     It  is  probable  that  the  physiological  increase  in 
gize  of  a  muscle  from  exercise  is  due  to  an  increase  iu  the  size  of  the  pre- 
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mmteulitr  JibreM  fmm  the  mmt«e ;  mnrmifft'd  BOO  ilinmeiert  (from  a  pliotogr»ph 
fAkt-n  at  tiw  United  States  Army  Metlicfti  Muwiirn). 
The  iiijectiNi  capillaries  ftre  aeeo,  suruewhai  out  of  tocuA. 

Kisting  fasciculi  and  not  to  the  formation  of  new  elements.  In  young  per- 
jna  the  fasciculi  are  -j-^  to  y^^^  of  an  inch  (15  to  20  fx)  in  diameter.  In 
be  adult  they  measure  j^  to  ^J^  of  an  inch  (55  to  100  p.). 

The  appearance  of  the  primitive  muscular  fai^oiculi  under  the  microscope 
I  characteristic.  They  present  regular,  transverse  stride,  formed  of  alternate 
ag  dark  and  clear  bands  about  y^t^nr  <^*^  ^"  "^^^  (1  ;*)  wide.  With  a  high 
aagnifying  power,  a  very  fine  transverse  line  is  observetl  ninning  through  the 
liddle  of  each  one  of  the  clear  bands.  In  ndiHtion  they  present  longitndi- 
Eial  atria%  not  so  distinct,  and  difficult  to  follow  to  any  extent  in  the  length 
the  fasciculus,  but  tolerably  well  marked,  particularly  in  muscles  that 
*  habitually  exercised.  The  muscular  substance,  presenting  this  peculiar, 
triated  appearance,  is  enclosed  iu  a  very  thin  but  elastic  and  resisting  tubu* 
lar  membrane,  called  the  sarcolemma  or  myolemma.  This  envelope  can  not 
be  seen  inordinary  preparations  of  the  muscular  tissue;  but  it  frequently 
happens  that  the  contractile  rnuseidur  substance  is  broken,  leading  the  sarco- 
lemma intact^  which  gives  a  good  view  of  the  membrane  and  conveys  an  idea 
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of  its  strength  m\d  i4ii&iiQii\\  Attitched  to  the  inner  snrfaee  of  the  sarco- 
lenima,  are  small,  ehjngated  nuclei  witli  their  long  ditimeter  in  tlie  dire<.'tian 
of  the  fiksciculi.  These  are  usually  not  well  seen  in  tlie  nnaltered  muscle,  but 
the  addition  of  ueetic  at-id  readers  t!ie  nniecLikr  substance  iiale  and  destroys 
I  he  striae,  when  the  niielei  become  dislinet. 

Water  after  a  tinn*  act.**  upon  the  muscular  tissue,  rendering  the  fasciculi 

A  B  somewhat  paler  and  larger.      Acetic 

aeid  and  alkaline  solutions  efface  the 
stria%and  the  fibres  liceomcsenii-trans- 
jmrent.  In  ftisciculi  that  are  slightly 
decomposed,  there  is  frequently  a  sepa- 
V  1.1  \  nition  at  the  extremity  into  snudler 
tii)res,  called  fibrilhe.  These,  when 
isolated,  present  the  same  striated  ap- 
pearance as  tlic  primitive  faseienlas ; 
viz.,  alternate  dark  and  light  portions. 
They  measure  about  gg^my  of  an  inch 
(1  fji)  in  diameter,  and  their  numl>er, 
in  the  largest  primitive  fibres.  Is  esti- 
mated at  about  two  thousand  (KoUi- 
ker).     The  interior  of  eaeh  primitive 

Fia,  Ibl.— St riatrd  mtMc-ular  flbrea  ^  mrrgnOfed  SSO*     *        -       i         -  »       .     i   i  i    i 

diamet€r.j{^iiiey).  fasciculus  IS  penetmtetl  by  a  very  del- 

icate membrane  closely  surrounding 
the  fibrillae.  This  arrangement  mav 
be  distinctly  seen  in  a  thin  section  of 

a  fibre  treated  with  a  sohition  of  common  stilt  in  water,  in  the  proportion  of 

five  parts  per  thousand  (Kolliker), 

Connective  Tis^^ue, — In  the  muscles  there  is  a  membrane  surrounding  a 

number  of  the   primitive   fa^scicidi.     This  is  called    the  perimysium.     The 

fibrous  membranes  that  connect  together  the  seseeondary  bundles,  with  their 

contents,  are  enclosed  in 

a  sheath   enveloping  the 

whole  muscle,  sometimes 

called  the  external  peri- 
mysium.    The  jwculiari- 

ty  of  these  membranes  as 

distingtiished    from     the 

sarcolemma  is  that  they 

have  a   fibrous  structure 

and  are  connected  togeth- 
er tbroughout  the  muscle, 

while  the  tubes  forming 

the  sarcolemma  are  struct- 

in'ele.ss   and   each   one  is 

distinct. 

The  name  now  most  generally  adopted  for  tlie  ordimiry  fibrous  tissue  is 


1,  trannverse  i4tri«*  atui  nuetei  of  n  |>rmiiHc*»  faaoic 
ulus  :  0,  long-ihiilitia]  b'trju>  and  tlbritlii^  at  a 
prlmlUv^  ftLseicykH  ki  which  tht»  KuiXMitemma 
bas  been  laeeraU^tl  at  one  point  by  pn-«su[v. 


Fio.  isa.— Fifef¥#  of  tendon  of  the  human  mitject  (EoUett). 
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coniiectiTe  tissue.  It  hag  been  called  cellular,  areolar  or  Hbroas,  but  most 
uf  these  names  were  given  to  it  without  a  clear  idea  of  iU  structure.  It^  prin- 
cipal anatomical  element  is  a  fibre  of  excessive  tennity,  wavy  and  ^nth  a  sin- 
gle contour.  These  fibres  are  collected  into  bundles  of  variable  size  and 
are  held  together  by  an  adhesive  amorphous  substance.  The  wavy  lines  that 
mark  the  bundles  of  tihres  give  theui  a  very  charar^tcristic  appearance. 

The  direction  and  arrangement  of  the  fibres  in  the  various  tissues  present 
marked  differences.  In  the  loose  areolar  tissue  beneath  the  skin  and  betwe<3n 
the  muscles,  and  in  the  loose  stnicture  surrounding  some  of  the  glands  and 
connecting  the  sheaths  of  blo4>d*ves.^^ls  ai^d  tierves  to  t)ie  adjacent  parts,  the 
bundles  of  fibres  form  a  large  net- work  and  are  very  wavy  in  their  course. 
In  the  strong,  dense  membranes,  as  the  aponeuroses,  the  proper  coats  of  many 
glands,  tlie  jjcriosteum  and  perichondrium  and  the  serous  membranes,  the 
waves  of  the  fibres  are  shorter,  am]  the  fibres  themselves  interlace  much  more 
closely.  In  the  ligaments  and  tendons,  the  fibres  are  more  nearly  straight 
and  are  arranged  lungitudinally- 

On  the  addition  of  acetic  at^id  the  bundles  of  inelastic  fibres  swell  up, 
become  semi-transparent,  and  the  nuclei  and  ehtstic  fibres  are  brought  into 
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Pro.  158.— £«o«L       :         ^  rj/  connective  ti*,me  ft        :  .    A.........  ^ubject^  ukotcing  the  Abres  ami  cell* 

o,  a,  a  capiliarj-  blood-vesseL 

new.  The  proportion  of  elastic  fibres  differs  very  much  in  different  situa- 
tions, bat  they  are  all  of  the  smallest  variety,  and  they  prest*nt  a  striking 
contrast  to  the  inelastic  fibres  in  their  form  and  size.  Although  they  are 
very  gmall,  they  always  present  a  double  contour. 

Certaiin  cellular  and  nuclear  elements  are  always  found  in  the  connective 
tissue.  The  cells  are  known  as  connective-tissue  cells.  They  are  very  irregu- 
lar in  size  and  form,  some  of  them  being  spindle-shaped  or  caudate,  and 
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of  ite  strength  and  elasticity.  Attached  to  the  inner  Muface  of  tlir  sarttk 
lemma,  are  small,  elongated  nnclei  with  their  long  dijimeter  in  tht^  dirrrtioji 
uf  the  fast:'iculi.  These  are  usually  not  well  seen  in  the  unaltered  miis<:lc,  buL 
the  addition  of  acetic  acid  renders  the  mnscular  substance  pak*  iind  dcftrou 
( he  striae,  when  the  nuclei  become  distinct 

Water  after  a  time  acts  upon  the  muscular  tlsstte,  rendering  the  trnticv^ 

somewhat  paler  and  larger,     A 
acid  and  alkaline  golutions  efLu  v ;, 
stris^and  the  fibres beconid semi- tnmi- 
parent.    In  fasciculi  t-  -Itghih 

decompoaed,  there  is  fr   ^  ustf]*- 

mtion  at  the  extn?mity  into  auallrr 
fibres,  called  fibrillin.  These,  whai 
isolated,  pre^nt  the  mme  striated  i^ 
pearance  as  the  primitive  fasrtcolvi; 
viz.,  alternate  dark  and  light  partioni 
They  measure  about  Yi^rw  ^^  ^^  ^^'^ 
(1  ^)  in  diameter^  and  their  munbor, 
in  the  largest  primitive  6brB6«  it  ctti- 
mate<l  at  about  two  thantttiid  (Kiith* 
kerj.     The  interior  of  each  primitive 

Fio.  llih^Striat^  mti$cMkMr  ^Un^* ;  magnified  SiO    *        -       i         '  *      ^    :»   i_  it 

diameter.^  iSiiPP&y I  fa^iculus  IS  penetrated  br  a  ven'  mh 

*''SS^lSS."S^*i^'V^'"JJrArbi"^  icate  membmne  closely  'BurTuuidiiig 
Cti;*,iSS!S2r.t'"»J'^'teSS£r"  t^e  fibnll*.     This  am.ngen.ent  m.v 

be  distinctl}'  gcen  in  a  thin  eectioti  of 
fibre  treated  with  a  solution  of  common  salt  in  water,  in  the  proportion  of 
''five  part5  per  thousand  (KolUker). 

Con  nee  five  Tis.me. — In  the  muscles  there  is  a  membrane  enrroanding  a 
number  of  the  primitive  fasciculi.  Tim  is  called  the  ])erimy^iura.  The 
fibrous  membranes  that  connect  together  the  seseeondary  bundles^  with  their 
contents,  are  enclosed  in 
a  sheath  enveloping  the 
whole  muscle,  sometimes 
called  the  external  peri- 
myBiuni.  The  peculiari- 
ty of  these  membranes  as 
distinguished  from  the 
sarcolemma  is  that  they 
have  a  fibrous  structure 
and  are  connected  togeth- 
er throughout  the  muscle, 
while  the  tubes  forming 
the  sarcolemma  are  struct- 
ureless  and  each  one  is 
distinct* 

The  name  now  most  generally  a^lopted 
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connective  tissue.  It  has  been  called  cellular,  areolar  or  fibrous,  but  most 
of  these  names  were  given  to  it  without  a  clear  idea  of  its  structure.  Its  prin- 
cipal anatomical  element  is  a  fibre  of  excessive  tenuity,  wavy  and  with  a  sin- 
gle contour.  These  fibres  are  collected  into  bundles  of  variable  size  and 
are  held  together  by  aii  adhesive  amorphous  substance.  The  wavy  lines  that 
mark  the  bundles  of  fibres  give  them  a  very  characteristic  appearance. 

The  direction  and  arrangement  of  the  fibres  in  the  various  tissues  present 
marked  differences.  In  the  loose  areolar  tissue  beneath  the  skin  and  between 
the  muscles,  and  in  the  loose  structure  surrounding  some  of  the  glands  and 
connecting  the  sheaths  of  blood-vessels  and  nerves  to  the  adjacent  parts,  the 
bundles  of  fibres  form  a  large  net- work  and  are  very  wavy  in  their  course. 
In  the  strong,  dense  membranes,  as  the  aponeuroses,  the  proper  coats  of  many 
glands,  the  periosteum  and  perichondrium  and  the  serous  membranes,  the 
waves  of  the  fibres  are  shorter,  and  the  fibres  themselves  interlace  much  more 
closely.  In  the  ligaments  and  tendons,  the  fibres  are  more  nearly  straight 
and  are  arranged  longitudinally. 

On  the  addition  of  acetic  acid  the  bundles  of  inelastic  fibres  swell  up, 
become  semi-transparent,  and  the  nuclei  and  elastic  fibres  are  brought  into 


Fxo.  158.— Loo»c  net'tpork  of  connective  tissue  from  the  human  subject,  showing  the  flhres  and  cells 

(RoUett). 
a,  a,  a  capillary  blood-vessel. 

view.  The  proportion  of  elastic  fibres  differs  very  much  in  different  situa- 
tions, but  they  are  all  of  the  smallest  variety,  and  they  present  a  striking 
contrast  to  the  inelastic  fibres  in  their  form  and  size.  Altliough  they  are 
very  small,  they  always  present  a  double  contour. 

Certain  cellular  and  nuclear  elements  are  always  found  in  the  connective 
tissue.  The  cells  are  known  as  connective-tissue  cells.  They  are  very  irregu- 
lar in  size  and  form,  some  of  them  being  spindle-shaped  or  caudate,  and 
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others,  staj-shaped.  They  possess  one,  and  sometimes  two  or  three  daw, 
ovoid  nuclei,  with  distinct  nueleolL  On  the  addition  of  acetic  acid  the  cxlh 
disappear  but  the  nuclei  are  unaffected.  It  i&  impossible  to  give  aiiv  atxnj^ 
rate  measurements  of  the  oells^  on  account  of  their  great  variations  in  nit. 
The  api)earance  of  the  connective  tissue,  ^ith  a  few  cells  and  nuclei,  is  njm> 
sented  in  Fig.  153. 

Between  the  musclar  and  in  the  substance  of  the  musclee,  behreen  tii^ 
bundles  of  fibres,  there  always  exists  a  greater  or  leas  quantity  of  adipu* 
tissue  in  the  meshes  of  the  fibrous  structure. 

Bl(jod-i>es»sla  and  Lifmphatic^, — Tlie  nmsc^les  are  abundantly  siipplmi 
with  blood-vessels,  genemlly  by  a  numlxT  of  small  arteries  with  two  satellitp 
veins.  The  capillary  arrangement  in  this  tissue  is  peculiar.  From  the  small* 
est  arterioles,  capillary  vessels  are  given  off,  arranged  in  a  net- work  with  Xk^V 
erably  regular,  oblong,  rectangular  meshe^  their  long  diameter  followiiifr  th- 
direction  of  the  fibi^es.  These  envelop  each  primitiTe  faacicolus,  en* 
it  completely,  the  artery  and  vein  being  upon  the  same  side.  The  caipUmn^T? 
are  smaller  than  in  any  other  part  of  the  vascular  s}-stera^ 

The  arrangement  of  the  Impliaties  in  the  muscles  has  n^\eT  been  defi- 
nitely ascertained.  There  ai^  l>Tnphatics  surrounding  the  large  vaficubf 
trunks  of  the  extremities  and  of  the  abdominal  and  thoracic  walls,  which,  a 
would  ap{K'ar,  must  come  from  the  substance  of  the  muscles;  liut  tliey  hi 
never  been  traced  to  their  origin.  Sap[iey  has  succeeded  in  iuji*cting  ly 
phatics  upon  the  surface  of  some  of  the  larger  muscles,  but  he  has  not  Iwrn 
able  to  follow  them  into  the  muscular  substance. 

Connection  of  the  Muscles  with  the  Tendofis, — The  primitive  miisciiltf 
fasciculi  terminate  in  little,  conical  extremities,  which  are  received  into  cori^ 
sponding  depressions  in  the  bundles  of  fibres  composing  the  le^^  it 

this  union  is  so  close  that  the  muscle  or  the  tendon  may  be  ruptui'  ii 

a  separation  at  the  point  of  union.  In  the  penniform  mitsclea  this  amiigi»- 
meut  is  quite  uniform.  In  other  muscles  it  is  essentially  the  mm^  bill  tht 
perimysium  seems  to  be  continuous  with  the  loose  areolar  tissue  enTelopiof 
the  corresponding  tendinous  bundles. 

Chemicat  Crnnpo^ition  of  the  MuHcte^s.^The  most  important  nitrogeniarf 
constituent  of  the  musrles  is  myosine.  This  resembles  fibrin,  but  it  pa'^^atl 
certain  points  of  difference  in  its  behavior  to  reagents,  by  which  it  may  br 
readily  distinguished.  One  of  its  pecndiar  proi>erties  is  that  it  is  dis^lvetl 
at  an  ordinary  temperature  by  a  mixture  of  one  part  of  hydrochloric  ac^iil 
and  ten  of  water.  The  muscular  substance  is  iicrmeated  by  a  fluid,  callnl 
the  muscular  juice,  which  contains  certain  coagulable  albuminoid  substam 
Combined  with  the  organic  constituents  of  the  muscular  substance  are 
eral  salts  in  great  variety,  which  can  not  be  separated  without  incineratii 
Certain  exeremen tit ious  mattei's  have  also  been  found  in  the  muscles; 
probably  nearly  all  of  those  eliminated  by  the  kidneys  exist  here,  althoi 
they  are  taken  up  by  the  blood  as  fast  as  they  are  produced  and  are  ooi 
quently  detected  with  difficulty.  The  muscles  also  contain  inosite,  ini 
acid,  lactic  acid  and  certain  volatile  acids  of  fatty  origin.     During  life 
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muscular  fluid  is  slightly  alkaline,  but  it  becomes  acid  soon  after  death.  The 
muscle  itself,  during  contraction,  has  an  acid  reaction.  The  muscular  juice 
is  alkaline  or  neutral  after  moderate  exercise  ajs  well  as  during  complete 
repose ;  but  when  a  muscle  is  made  to  undergo  excessive  exercise,  the  lactic 
and  other  acids  exist  in  greater  quantity  and  the  reaction  becomes  acid. 

Physiological  Properties  of  the  Muscles. 

The  important  general  properties  of  the  striated  muscles  are  the  following  : 
1.  Elasticity ;  2.  Tonicity ;  3.  Sensibility  of  a  peculiar  kind ;  4.  Contractility, 
or  excitability.  These  are  all  necessary  to  the  physiological  action  of  the  mus- 
cles. Their  elasticity  is  brought  into  play  in  opposing  muscles  or  sets  of 
muscles ;  one  set  acting  to  move  a  part  and  to  extend  the  antagonistic  mus- 
cles, which,  by  virtue  of  their  elasticity,  retract  when  the  extending  force  is 
removed.  Their  tonicity  is  an  insensible  and  a  more  or  less  constant  con- 
traction, by  which  the  action  of  opposing  muscles  is  balanced  when  both  are 
in  the  condition  of  what  is  called  repose.  Their  sensibility  is  peculiar  and 
is  expressed  chiefly  in  the  sense  of  fatigue  and  in  the  appreciation  of  weight 
and  of  resistance  to  conti-action.  Their  contractility  or  excitability  is  the 
property  which  enables  them  to  contract  under  stimulation.  All  of  these 
general  properties  strictly  belong  to  physiology,  as  do  some  special  acts  that 
are  not  necessarily  involved  in  the  study  of  ordinary  descriptive  anatomy. 

Elasticity  of  Muscles, — The  true  muscular  substance  contained  in  the 
sarcolemma  is  eminently  contractile ;  and  although  it  may  possess  a  certain 
degree  of  elasticity,  this  property  is  most  strongly  marked  in  the  accessory 
anatomical  elements.  The  interstitial  flbrous  tissue  is  loose  and  presents  a 
certain  number  of  elastic  fibres ;  and  the  sarcolemma  is  very  elastic.  It  is 
probably  the  sarcolemma  that  gives  to  the  muscles  their  retractile  power  after 
simple  extension. 

It  is  unnecessary  to  follow  out  in  detail  all  of  the  many  experiments  that 
have  been  made  upon  the  elasticity  of  muscles.  There  is  a  certain  limit,  of 
course,  to  their  perfect  elasticity — understanding  by  this  the  degree  of  exten- 
sion that  is  followed  by  complete  retraction — and  this  can  not  be  exceeded 
in  the  human  subject  without  dislocation  of  parts.  It  has  been  found  by 
Marey,  that  the  gastrocnemius  muscle  of  a  frog,  detached  from  the  body,  can 
be  extended  about  -^  of  an  inch  (0-5  mm.)  by  a  weight  of  a  little  more  than 
300  grains  (20  grammes).  This  weight,  however,  did  not  extend  the  muscle 
beyond  the  limit  of  perfect  elasticity.  The  muscle  of  a  frog  of  ordinary  size 
was  extended  beyond  the  possibility  of  complete  restoration,  by  a  weight  of 
about  seven  hundred  and  fifty  grains  (48*6  grammes).  Marey  also  showed 
that  fatigue  of  the  muscles  increased  their  extensibility  and  diminished  tlieir 
power  of  subsequent  retraction.  This  fact  has  an  application  to  the  physio- 
logical action  of  muscles ;  for  it  is  well  known  that  they  are  unusually  relaxed 
during  fatigue  after  excessive  exertion,  and  they  are  at  that  time  more  than 
ordinarily  extensible. 

Muscular  Tonicity, — The  muscles,  under  normal  conditions,  have  an 
insensible  and  a  constant  tendency  to  contract,  which  is  more  or  less  depend- 
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CDt  upon  the  action  of  the  motor  nenre-s.     If,  for  example^  ft  tnaadft  U  m 
across  in  a  snrgic^l  opemtion,  the  divided  extremities  become  j  iiimiwiiiltj 
retractcxl ;  or  if  the  muscles  of  one  side  of  the  fiicc  l»e  pamlrac4t  ibt  flnnd 
upon  the  opposite  side  insengibly  distort  the  features     II  is  difficuh 
explain  these  phenomena  by  assuming  that  tonicity  is  due  to 
for  there  \s  no  evidence  that  the  comraeiion  take.-?  place  as  the  ( 
of  a  etimulus.    All  that  can  bo  said  is  that  a  muscle,  not  exeeasively  I 
and  with  its  nervous  eonnecttons  intact,  u  constantly  in  a  state  of  iniseiuili 
contraction,  more  or  less  marked- 

iSenstdilit^  of  Me  Muscles. — The  muscles  possess  that  kind  of  emsbflilT 
which  gives  an  appreciation  of  the  power  of  resistance,  immobility,  and  difr^ 
ticity  of  substances  that  are  grasped,  or  which^  by  their  weight,  are  opfoseii 
to  the  exertion  of  muscular  power.     It  b  by  the  ap]>'  of  weiglit  nd 

resistance  that  the  force  required  to  accomplish  miui.  ,..,.  ,.-ts  is  tvgnlited* 
These  properties  refer  chiefly  to  simple  muscular  efforts.  Afler  lonf««m- 
tinued  exertion  there  is  a  sense  of  fatigue  that  is  peculiar  to  the  monies. 
It  is  difficult  to  separate  this  entirely  from  the  sense  of  nervous  exhaustion, 
but  it  seems  to  he  to  a  certain  extent  distinct;  for  when  Buffering  from  tlie 
fatigue  that  follows  over*exertion,  it  R*ems  as  though  a  ni  :  imuhii 


could  be  sent  to  the  muscles,  to  which  thevare  for  the  time  uii. 


>J»Olld. 


When  the  muscles  are  tlirown  into  tetanic  contraction,  a  pei*tiiiar  nens*- 
tion  is  produced^  which  is  entirely  different  from  |»iinful  impresriotttmidf 
upon  the  ordinary  sensory  ner\  es.  In  the  crumps  of  cholem,  t€tttiiii%  or  tht 
convulsions  from  strychnine,  these  distressing  sensations  are  very  marked. 

If  the  muscles  possess  any  general  sensibility,  it  is  verv  slight  A  tnuaEli 
may  be  lacerated  or  irritated  without  producing  actual  pain^  althougli  coo- 
tniction  produced  by  irritants  and  the  sense  of  tension  when  the  mnsdtt  an 
drawn  upon  can  always  be  appreciated. 

Muscular  Contract  Hit  if  ^  or  ExcUahiUty. — During  life  and  nnclvr  nonm! 
conditions,  the  muscles  will  always  contract  in  obedience  to  a  j  mTdtti 

applied  either  directly  or  through  the  nerves.  In  the  naturu.  .  .  „  L*f  tlit 
organism,  this  contraction  is  induced  by  nervous  influence  either  throogii  voli- 
tion or  reflex  action.  Still,  a  muscile  may  be  lining  and  yet  have  lost  iti  ooii- 
tractility*  For  example^  after  a  muscle  has  been  for  a  long  time  paiahsri 
and  disused,  the  application  of  the  most  powerful  stimulus  will  fail  to  ludi 
contraction ;  but  when  examined  with  the  microscope,  it  is  found  that 
nutrition  of  the  muscle  has  become  ]>rofoundly  affected,  and  that  the 
tractile  substance  has  disappeared.  Mnscular  contractility  persists  for  a  \ 
tain  time  after  death  and  in  muscles  separated  from  the  body ;  and  this  ] 
has  been  taken  advantage  of  by  physiologists  in  the  study  of  the  profi 
of  the  muscular  tissne.  A  muscle  detached  from  the  living  body 
for  a  time  to  respire,  and  it  undergoes  some  of  the  changes  of  disassit 
obeerred  in  the  organism.  So  long  as  these  changes  are  restricted 
the  limits  of  physical  and  chemical  integrity  of  the  fibre,  contract 
mains.  As  these  processes  are  very  slow  in  the  cold-blooded  anir 
excitability  of  all  the  parts  persists  for  a  considerable  time  after  deal 
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In  the  human  subject  and  the  warm-blooded  animals,  the  muscles  cease 
to  respond  to  a  stimulus  a  few  hours  after  death,  although  the  time  of  dis- 
appearance of  excitability  is  very  variable.  Nysten,  in  a  number  of  experi- 
ments upon  the  disappearance  of  excitability  in  the  human  subject  after  de- 
capitation, found  that  different  parts  lost  their  contractility  at  different  peri- 
ods, but  that  generally  this  depended  upon  exposure  to  the  air.  With  the 
exception  of  the  right  auricle  of  the  heart,  the  striated  muscles  were  the  last 
to  lose  their  excitability.  In  one  instance,  certain  of  the  voluntary  muscles 
that  had  not  been  exposed  retained  their  contractility  seven  hours  and  fifty 
minutes  after  death.  Longet  and  Masson  found  that  an  electric  shock,  suf- 
ficiently powerful  to  produce  death  instantly,  destroyed  the  excitability  of 
the  muscular  tissue  and  of  the  motor  nerves. 

The  experiments  of  Longet  (1841)  presented  almost  conclusive  proof  of 
the  independence  of  muscular  excitability.  He  resected  the  facial  nerve  and 
found  that  it  ceased  to  respond  to  mechanical  and  electric  stimulus,  or  in 
other  words,  lost  its  excitability,  after  the  fourth  day.  Operating,  however, 
upon  the  muscles  supplied  exclusively  with  filaments  from  this  nerve,  he 
found  that  they  responded  promptly  to  me- 
chanical and  electric  stimulation,  and  that 
this  continued  for  more  than  twelve  weeks. 
In  other  experiments  it  was  shown  that  while 
the  contractility  of  the  muscles  could  bo  seri- 
ously influenced  through  the  nervous  system, 
this  was  effected  only  by  modifications  in  their 
nutrition.  When  the  mixed  nerves  were  di- 
vided, the  nutrition  of  the  muscles  was  gener- 
ally disturbed;  and  although  muscular  con- 
tractility persisted  for  some  time  after  the 
nervous  excitability  had  disappeared,  it  be- 
came very  much  diminished  at  the  cud  of  six 
weeks.  Some  varieties  of  curare  destroy  the 
excitability  of  the  motor  nerves,  leaving  the 
sensitory  filaments  intact.  If  a  frog  be  poi- 
soned by  introducing  a  little  of  this  agent 
under  the  skin,  stimulation,  electric  or  me- 
chanical, applied  to  an  exposed  nerve,  fails  to 

produce    muscular     COntmction  ;    but     if     the  Fiq.  m.-FYogy  legs  prepared  so  as  to 

*    .                                     .            ,                      '  show  the  effects  oj  curare  (Beruaru). 

stimulus  be   applied   directly   to    the    muscles,  Faradization  of  the  nerves  iu  this  anl- 

.1             .ii           i        A      •                 1           T      ai  •               j.\  inal»  which  has  been  poisone<l  with 

they  will  contract  vigorously.      In  this  way  tlie  curare,  has  no  effect  :  while   the 

..^Jl.^,   „                *.                   T          A     ^         A    r            i.1  Stimulus    applied    directly    to   the 

nerves  are,  as  it  were,  dissected  out  from  the  muscles  («ee  dotted  uues;  produces 
muscles ;  and  the  discovery  of  an  agent  that  contraction, 
will  paralyze  the  nerves  without  affecting  the  muscles  affords  conclusive 
proof  that  the  excitability  of  these  two  systems  is  distinct.  If  a  frog  be 
poisoned  with  potassium  sulphocyanide,  precisely  the  contrary  effect  is  ob- 
served; that  is,  the  muscles  will  become  insensible  to  excitation,  while  the 
nervous  system  is  unaffected.     This  fact  may  be  demonstrated  by  apply- 


/■  ; 
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ing  a  tight  ligature  around  the  body  in  the  lumbar  region,  inTnlritig  aU  ty] 
parts  except  the  lumbar  ner?e«.  If  the  poison  be  now  intrndtieed 
the  skin  abore  the  ligatTii-e,  onlv  the  anterior  parts  are  affeclal^  bed 
Taecnhir  communication  with  the  posterior  extremities  is  out  oK.  U  \ 
expoa^ed  nerves  be  now  stimulated,  the  muscles  of  the  legs  are  Ittrovn 
contraction,  showing  that  the  nervous  excitability  remaina.  BeAejE 
ments  in  the  posterior  extremities  may  also  be  produced  by  irritation  of  tiie 
parts  above  the  ligature.  These  experiments  leave  no  doubt  of  the  ^fi^lfUfy 
of  an  inherent  aud  independent  excitability  in  the  muscular  tiaBoe  (BerBui). 
Contractions  of  muscles,  it  is  true,  are  normally  excited  tbrDogli  the  Atrrinif 
system,  and  artificial  stimuhition  of  a  motor  nerve  is  the  most  efficient  metlKH 
of  producing  the  simultaneous  action  of  all  the  fibres  of  a  muscle  or  of  a  ivt 
of  muscles ;  but  electric,  mechanical,  or  chemical  irritation  of  the  jttBiclai 
themselves  will  produce  contrac'tion,  after  the  nervous  excitability  baa  bien 
abolished.  The  conditions  under  which  muscular  contractility  exists  in 
simply  those  of  normal  nutrition  of  the  muscular  tissue.  When  the  i 
have  become  profoundly  affected  in  their  nutrition,  as  the  result  of  i 
of  the  mixed  nerves  or  after  prolonged  pamh*sis,  their  excitabttilj  disappMii 
can  not  be  restored. 

Experiments  ha?e  been  made  with  regard  to  the  infiuence  of  the  m* 
culation  upon  muscular  excitability,  chiefly  with  reference  to  the  eSkds  d 
tying  large  vessels.  Longet  tied  the  abdominal  aorta  in  five  dogs  and  fotmi 
that  voluntary  motion  ceased  in  about  a  quarter  of  an  hour,  and  that  Iht 
muscular  excitability  was  extinct  in  two  hours  and  a  cjuarter.  Wbeii  Iht 
circulation  was  restored,  after  three  or  four  hours,  by  removing  the  li| 
the  excitability,  and  finally  voluntary  movement,  returned.  These  expci 
show  that  the  circulation  of  the  bhxKl  is  necessary  to  the  eontnit*tility 
muscles.  Tying  the  vena  cava  did  not  affect  the  excitability  of  the  edii 
In  dogs  in  which  this  experiment  was  performed,  the  lower  ejrliQiitilM  p»- 
served  their  contractility,  and  the  voluntary  movements  wene  ttitmfEeeled  8p 
to  the  time  of  death,  which  took  place  in  twenty-six  hours. 

The  relations  of  muscular  excitability  to  the  circulation  have  been  fkither 
illustrated  in  the  following  experiments  by  Brown*Seqaard :  The 
servations  were  made  upon  two  men  executed  by  decapitation, 
hours  and  ten  minutes  after  death,  when  the  muscular  excitabiltty  had 
peared  and  was  succeeded  by  cadaveric  rigidity,  a  quantity  of  fressh,  defibff^ 
nated  venous  blood  from  the  human  subject  was  injected  into  the  arteries  ^ 
one  hand  and  was  returned  by  the  veins.     It  was  afterwanl  re-injected  i 
eral  times  during  a  period  of  thirty-five  minutes.     The  whole  time  * 
in  the  different  injections  was  ten  to  fifteen  minutes.    Ten  minutes  afterl 
last  injection,  and  about  fourteen  hours  after  death,  the  excitability  was  foitod 
to  have  returned  in  a  marke<i  degree  in  twelve  musclea  of  the  baud.    There 
were  only  two  muscles  out  of  the  nineteen,  in  which  the  excitability  could  not 
be  demonstrated.    Tliree  hours  lifter,  the  excitability  still  existed,  but  it  < 
ix*4ired  a  quarter  of  an  hour  later.     The  second  observation  was  essent 
tlie  same,  except  that  defibrinated  blood  from  the  dog  was  used  and  the  ( 
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periments  were  made  upon  the  muscles  of  the  arm.  The  excitability  was  re- 
stored in  all  of  the  muscles,  and  it  persisted,  the  cadaveric  rigidity  having 
disappeared,  twenty  hours  after  decapitation. 

Muscular  Contraction. 

The  stimulus  of  the  will,  conveyed  through  the  conductors  of  motor  im- 
pulses from  the  brain  to  a  muscle  or  set  of  muscles,  excites  the  muscular 
fibres  and  causes  them  to  contract.  In  muscles  that  have  been  exercised 
and  educated,  this  action  is  regulated  with  great  nicety,  so  that  the  most 
delicate  and  rapid  as  well  as  powerful  contractions  may  be  produced.  Cer- 
tain movements,  not  under  the  control  of  the  will,  are  produced  as  the  result 
of  unconscious  reflection  from  a  nervous  centre,  along  the  motor  conductors, 
of  an  impression  made  upon  sensory  nerves.  During  this  action  certain 
important  phenomena  are  observed  in  the  muscles  themselves.  They  change 
in  form,  consistence,  and  to  a  certain  extent,  in  their  constitution ;  the  dif- 
ferent periods  of  their  stimulation,  contraction  and  relaxation  are  positive 
and  well  marked;  their  nutrition  is  for  the  time  modified;  they  develop 
galvanic  currents ;  and  in  short,  they  present  a  number  of  general  phenomena, 
distinct  from  the  results  of  their  action,  that  are  more  or  less  important. 

The  most  prominent  of  the  phenomena  accompanying  muscular  action  is 
shortening  and  hardening  of  the  fibres.  It  is  necessary  only  to  observe  the 
action  of  any  well  developed  muscle  to  appreciate  these  changes.  The  active 
shortening  is  shown  by  the  approximation  of  the  points  of  attachment,  and 
the  hardening  is  sufficiently  palpable.  The  latter  phenomenon  is  marked 
in  proportion  to  the  development  of  the  true  muscular  tissue  and  its  freedom 
from  inert  matter,  such  as  fat.  It  is  the  muscular  substance  alone  which  has 
the  property  of  contraction ;  and  this  action  increases  the  consumption  of 
oxygen  and  probably  of  other  matters,  the  formation  of  carbon  dioxide  and 
some  other  excrementitious  products,  and  develops  heat. 

Notwithstanding  the  marked  and  constant  changes  in  the  form  and  con- 
sistence of  the  muscles  during  contraction,  their  actual  volume  undergoes 
modifications  so  sliglit  that  they  may  practically  be  disregarded.  The  ex- 
ceeding slight  change  which  has  been  observed  in  recent  experiments  (Valen- 
tin, Landois)  is  a  diminution  in  volume. 

Changes  in  the  Form  of  the  Muscular  Fibres  during  Contraction. — All 
physiologists  are  agreed  that  in  muscular  contraction  there  is  an  increase  in 
the  thickness  of  the  fibre,  nearly  compensating  its  diminution  in  length. 
This  has  been  repeatedly  observed  in  microscopical  examinations,  and  the 
only  points  now  to  determine  are  the  exact  mechanism  of  this  transverse  en- 
largement, its  duration,  the  means  by  which  it  may  be  excited,  and  its  physi- 
ological modifications.  These  questions  have  been  made  tlie  subjects  of  in- 
vestigation by  Helmholtz,  Du  Bois-Reymond,  Aeby,  Marey  and  others ;  and 
although  it  is  hardly  necessary  to  follow  these  experimenters  through  all  the 
details  of  their  observations,  many  important  points  have  been  developed, 
particularly  by  the  methods  of  registering  the  muscular  movements. 

One  essential  condition  in  the  study  of  the  mechanism  of  muscular  con- 


4T6 


MOVEMENTS— VOICE  AND  SPEECH. 


traction  is  to  imitate,  in  a  muscle  or  a  part  of  a  muscle  that  can  be  subjntd 
to  direct  observation,  the  force  that  naturally  excites  it  to  contractioD.  Thf 
application  of  electricity  to  the  nerve  i^  the  most  j>erfect  method  tJiit  13s 
be  employed  for  this  purpose.  In  this  way  a  single  contraction  may  W  pro- 
diieed,  or  by  emploring  a  rapid  succession  of  irapulsesi,  Ht-cullGd  tetnik 
44ction  may  be  excited.  While  the  electric  curi-ent  i^  not  identicid  vithtlr 
nervous  force^  it  ia  the  best  substitute  that  can  be  o^ed  bi  cjqierijiicoti 
upon  muscular  contractility,  and  it  ha:^  the  advantage  of  affedtng  bi^  Ihtk 
the  plu^ical  and  chemical  integrity  of  the  nervous  and  mosctilar  tifiBitta 

There  are  two  classc^s  of  phenomena  that  may  be  produced  by  dectnc 
excitation  of  motor  nerves  :  1.  When  the  stimulus  is  applied  in  the  fann  ul 
a  single  di^harge,  it  is  followed  by  a  single  muscular  contraction*    fl.  To- 
der  a  rapid  succession  of  discharges,  the  muscle  is  thrown  into  a  ^ 
permanent,  or  tetanic  contraction.     It  will  facilitate  a  comprehension 
subject  to  study  these  plienomena  sepanitely  and  successively. 

Mechanif^m  of  a  Sinfjh  Mnscuinr  Contract  ion. — If  an  electric  dischiir^t; 
even  very  feeble,  be  applied  to  a  motor  nerve  connected  with  a  fresh  muak, 
it  is  followed  by  a  sudden  contraction,  which  is  succeeded  by  a  rapid  rtba^ 
tion.  Under  this  stimulation,  the  muscle  shortens  by  about  three-tenthi  o( 
its  entire  length.  The  form  of  the  contraction,  as  registered  by  the  appa- 
ratus of  Uelmboltz,  Murey  and  others  who  have  applied  the  graphic  methcil 
to  the  study  of  muscular  action,  presents  certain  peculiarities. 

Aecoiiling  10  Ilelmholtz,  the  whole  period  of  a  single  eontnctioii  lad 
relaxation  of  the  gastrocnemius  muscle  of  a  frog  is  a  little  lese  than  one-third 
of  a  second.  The  muscles  of  mammals  and  birds  contract  more  rapidly, 
hut  Tiith  this  exception,  tlie  essential  characters  of  the  contraetioii  are  tike 
same.  The  following  are  the  i>eriods  occupied  by  tliese  different  pbfSiQBkCfii 
in  the  gastrocnemius  of  a  frog : 


Intenral  between  stimulation  and  contractioa  (latent  period). 

(V)Dtraction , . , - * . . . 

Relaxation 


[^Qn«m 
B  shoffl^H 


Tlie  latent  period  in  man  is  0004  to  0  01  of  a  second,  the  con  traction  < 
cupies  0*03  to  0*4  of  a  second,  and  the  period  of  relaxation  is  a  little  1 
than  the  jieriod  of  contraction.  The  duration  of  the  electric  eurreiU  i 
0'u0u8.  This  description  represents  the  contniction  of  an  entire 
but  it  does  not  indicate  the  changes  in  form  of  the  individual  fibres^  a  poiiiit 
much  more  difficult  to  determine  satisfactorily.  It  is  well  cistabUshed,  bow- 
ever,  that  a  single  fibre,  with  its  excitability  unimpaired,  becomea  coiitiaoted 
and  swollen  at  the  point  where  the  stimulation  is  applied.  The  qnortaai 
now  is  whether,  in  normal  coutniction  of  the  fibres  in  obedience  to  the  ttal- 
nral  nervous  stimulus,  there  be  a  uniform  sliortening  of  the  whole  fihcBi  a 
shortening  of  those  portions  only  that  are  the  seat  of  the  terminationa  I 
motor  nerves,  or  a  ]>eristaltic  shortening  and  swelling,  rapidly  run 
length  of  the  fibre. 
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The  experiments  of  Aeby,  whit^h  hiive  been  repeated  and  extended  by 
Marey,  liave  shown  that  when  one  extremity  of  a  muscle  is  exeited,  a  con- 
tnn7tion  occurs  at  that  point  and  is  propagjitcd  along  tlie  nmsele,  in  the  form 
of  a  wave.  The  estimated  nii>idity  of  this  wave  is  33  to  43  feet  (10  to  13 
metres)  per  second  (Hermann).  Applying  this  principle  to  the  physio- 
logical action  of  muscles,  Aeby  proposed  the  theory  that  shortening  of  the 
fibres  takes  place  wherever  a  stimulus  is  received,  and  that  this  is  propngated 
in  the  form  of  a  wave,  which  meets  iu  its  course  another  wave  starting  from 
a  different  point  of  stimulation.  Although  this  view  of  the  physio!<»gical 
action  of  the  muscular  tibres  is  very  probable,  it  can  not  be  assumed  that  it 
has  been  absolutely  demonstnited  ;  but  it  is  certainly  more  satisfactory  and 
better  sustained  by  experimental  facta  than  any  other  theory  that  has  yet 
been  advanced, 

Mechaniam  of  Tetanic  Muscular  CoHiracHon. — By  a  vohmtary  effort  a 
masciilar  contraction  may  be  prod  need,  of  a  certain  duration  and  of  a  power, 

.within  certain  limits^  proportionate  to  the  amount  of  force  required;  but 

rafter  a  time  the  muscle  becomes  fatigued,  and  it  may  become  exhausted 
to  the  extent  that  it  will  no  longer  respond  to  the  normal  stimulus.  This 
normal  muscular  action  in  obedience  to  impulses  conveyed  by  motor  nerves 
may  be  closely  imitated  by  electric  stimulatituu  When  a  single  electric  dis- 
charge is  applied  to  a  nerve,  there  is  a  single  muscular  contraction ;  but  a 
rapid  succession  of  discharges  produces  a  pei'sistent  contraction,  which  is 
called  tetanic. 

During  the  passage  of  a  feeble  galvanic  current  tliroiigh  a  nerve,  there  is 
no  contraction  in  tlie  mnscles  to  which  the  nerve  is  attachetl ;  and  it  is  only 
when  the  circuit  is  closed  or  opened  that  any  a<?tion  is  observed.  The  inter- 
rupted galvanic  current,  the  induced  current,  or  a  succession  of  discbarges  of 
statical  electricity,  when  they  do  not  follow  each  other  too  rapidly,  produces 
a  corresponding  succession  of  muscular  contractions.     As   the   rapidity  of 

.these  electric  impulses  is  ineretised,  the  individual  contractions  become  less 
and  leas  distinct,  until  finally  the  contraction  is  persistent.  Distinct  single 
contractions  occur  with  ten  excitations  per  second,  a  partial  fusion  of  the 
different  act-s  takes  place  with  twenty  per  ^cond,  and  a  complete  fusion,  or 

^tetanus,  with  twenty-seven  per  second  (Marey).  When  the  contraction  be- 
eomee  continuous,  there  is  an  ele^ntion  of  the  line  marked  on  a  registering 
apparatus,  showing  increased  power  as  the  excitations  are  more  and  more 
rapid.  This  is  artiiicial  tetanus;  but  it  probably  is  the  kind  of  contrac- 
tion that  occurs  in  the  physiological  action  of  the  voluntjiry  muscles. 

It  18  probable  that  the  normal  nervous  stimulus  in  voluntary  mnscular 
ction  is  a  sue  cession  of  impulses,  which  proiiuce  a  power  of  muscular  con- 
tratttion  that  is  proportionate  to  their  rapidity,  vibrations,  which  are  more 
or  less  regular,  actually  oi'cur  during  the  contnu:tiou  of  muscles  (WoUaston, 
Haaghtou,  Ilelmholti!).  Ilelmholtz,  indeed,  has  recognized  a  musical  note 
produced  by  contracting  muscles,  whicli  exactly  ct>rrespoiuls  to  the  number 
of  excitations  per  second  applied  to  the  nerve.  This  can  be  heard  in  the 
temporal  and  raasseter  muscles  by  filling  the  ears  with  wax  and  causing  these 
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miiiseles  to  contract  The  number  of  vibrations  noted  by  Helmlioltz  wu  \^ 
per  second ;  but  the  sound  heard  wa^  the  first  overtone,  or  the  octaTt,  tb 
fnndamenud  tone  being  too  low  to  be  appreciate*!  by  the  ear* 

Some  physiologists  have  denied  the  supposed  identity  between  the  Ubxot 
eontraction  produced  by  a  rapid  succe-ssion  of  stimuli  applied  to  a  tsmUk 
nerve  and  voluntary  muscular  conti-aetion.     Complete  fusion  of  eontnb(!tiii« 
occurs  with  twenty-seven  or  more  stimuli  per  second  applied  to  a  Denv; 
but  it  is  stated  that  stimuli  applied  to  the  motor  cerebral  e4?ntre«,  ereo  vhn 
very  rapid,  do  not  pro^luee  more  than  eight  to  thirteen  muscular  oontao 
lions,  the  average  being  ten  per  second  (Horsley  and  Sehafer,  1887)*    Tk 
average  in  voluntary  muscular  contraction  is  about  the  same*     From  \hm 
observations  it  is  argued  that  the  mte  of  so-called  vibration  in  volnntari 
muscular  contraction  has  an  average  of  about  ten  per  second*     This  ooiick* 
sion  is  based  upon  actual  myographic  tracings.    It  is  difficult,  however,  lorer^ 
oncile  these  results  with  those  obtained  by  Marey,  Helm  hoi  tx  and  otfaea 
It  is  a  fact,  ako,  that  distinct  muscular  contractions  may  be  prodooedim 
rapidly  by  an  effort  of  the  will.     It  is  not  ditticult  for  any  one  In  make  fiwi 
taps  of  the  finger  per  second  for  a  few  seconds,  and  skillful  performers  cm 
musical  instruments  are  able,  by  using  the  same  muscle  or  set  of  muaclei,  to 
make  movements  that  are  very  much  more  rapid,  each  movement  presttmihlT 
requiring  a  distinct  nervous  impulse.     It  may  be  that  in  an  unweiglited  moi- 
cle,  the  contractions  are  discontinuous,  and  that  the  average  ntunber  d 
waves  is  about  ten  i>er  second ;  but  it  is  probable  that  the  estumUe  of  Hdm- 
holtz — 19|  waves  per  second — is  nearly  correct  for  muscles  in  a  conditioo<il 
powerful  contraction.    In  a  series  of  observations  by  Griffiths  (1888K  il  »ii 
found  that  voluntary  contraction  of  the  biceps  weighted  with  a  Utile  mm 
than  eleven  pounds  (5,0C)0  grammes),  for  one  hundreil  seconds,  gave  an  atw- 
age  of  eighteen  waves  per  second,  the  average  for  the  unweighted  BHttdt 
being  fourteen  waves  per  second  for  thirt}^-three  seconds* 

The  nerves  are  not  capable  of  conducting  an  artificial  stimulus  for  an 
definite  period,  nor  are  the  muscles  able  to  contract  for  more  tlmn  a  U 
time  upon  the  reception  of  such  an  excitation.    The  electric  curreni 
ma<ie  to  destroy  for  a  time  both  the  nervous  and  muscul 
these  properties  become  gradually  extinguished,  the  part> 
before  they  are  completely  exhausted.     Precisely  the  same  pbenotnenai 
observed  in  the  physiological  action  ot  muscles*     When  i  '    U 

artificially,  a  tetanic  condition  is  excited  more  and  more  »-  '^  the 

of  the  contraction  is  proportionally  diminished.  Muscles  oontiuctingi 
obedience  to  an  effort  of  the  will  pass  through  the  same  stages  of  action. 
is  prubable  that  consent  contraction  is  excited  more  and  more  easily  lem 
musc»les  btxiome  fatigued,  because  the  nervous  force  gradtially  diminishes  i 
tiensity ;  but  it  is  certain  that  the  vigor  of  contraction  at  the  same  time 
essively  diminishes* 

The  phenomena  of  muscular  contraction  thus  far  considered  are 
produced  by  voluntary  effort  or  by  stimulation  of  motor  nerves;  but 
important  phenomena  have  been  observed  in  muscles  detached  from  the  body 
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and  stimulated  directly.  These  observations  have  generally  been  made  on 
the  gastrocnemius  of  the  fi*og,  the  phenomena  being  recorded  by  a  register- 
ing apparatus,  the  simplest  form 
of  which  is  the  myogmph  of 
Hcimlioltz.  This  instrument  is 
used  in  re<3ording  muscular  cun- 
tractiiing  by  causing  tlie  record- 
ing point  to  play  upon  a  smoked 
pafier  mo\ing  at  a  known  rate. 
If  the  muBcle  of  the  frog,  slight- 
ly weighted,  be  stimulated  by  a 
single  iuductic»n-shock,  there  is 
fii*st  a  latent  period,  when  there 
ia  no  contraction,  then  a  eon- 
traction  followed  by  relaxation, 
and  finally  a  alight,  elastic  vibra- 
tion before  the  muscle  becomes 
quiescent.      The^    phenomena 
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Fio,  15a.— i^tuyi'dm  o/  t/i«*  mffttgruph  of  Helmholti  dJim' 

ara  Hliiaf  riifp^l  in  ihti  f^nrvp  o-iv^n    M,  muscle  fixed  bv  »he  clamp  iK)  hv  a  portion  of  the  Te' 
are  UlUSUaie  l  in  int  CUrire  given  ^^^^  .  p  i^cnrVlinK  pomn  P,  coimtei^pois*-  used  to  hal- 

autv  rhe  lever  ;  W,  pao  for  welghU  ;  IS,  S,  supports  for 

the  lever^ 


ill  Fig.  150  in  which,  however, 
the  latent  period  is  not  measured. 

In  a  muscle  prepared  in  thi^  way,  the  maximum  of  fitimulatiou  and  the 
maximum  of  power  measured  by  a  weight  lifted  t-an  readily  be  ai^ccrtained, 
and  certain  phenomena  due  to  fatigue  of  the  muscle  have  been  observed.  In 
a  fatigued  must^-le,  the  latent  period  is  lengthened  and  the  elevation  of  the 
curve  of  contraction  is  not  so  high,  showing  a  slower  and  longer  action. 
Wlien  a  muscle  is  excited  to  tetanic  contniction  by  a  rapidly  interrupted 
current  of  considerable  strength,  the  elevation  produced  by  the  initial  con- 
traction is  neai'ly  vertical, 
and  is  followed  by  a  hon- 
zontal  straight  line  which 
marks  the  tetanic  condi- 
tion. The  plienomena  in- 
duced by  direct  stimulation 
of  muscles  are  somewhat 
exaggerated  when  the  stim- 
ulus is  applied  to  the  mo- 
tor nerve. 

Eledric  Phenomena  tjj  Mui^cJes.^— It  wtis  ascertained  a  number  of  years 
ago,  by  Matteucei,  that  all  living  musck^s  present  electric  currents.  The 
direction  of  these  currents  is  from  the  longitudinal  surface  to  the  transverse, 
or  cut  surface  of  the  muscle,  as  is  shown  in  Pig.  157.  A  simple  method 
of  demonstrating  tlie  muscular  current  is  to  prepare  the  leg  of  a  frog  witli 
the  crnral  nerve  attached,  and  to  apply  one  portion  of  the  nerve  to  the 
deep  parts  of  an  incised  muscle  and  the  other  to  the  surface.  As  soon  as 
the  connection  is  made,  a  contraction  of  the  leg  takes  place.     The  current 


Fio.  ib6.-'CurV€  of  a  lini/U'  muju-ular  contraction  iLandoisi, 
A  F,  aliRclssa  ;  A  C.  onllnal*  ;  A  H.  latent  periixl ;  B  D,  period  of 
cotiCracUoQ ;  D  K,  period  ot  relekxatioa  ;  E  F.  elatitic  ri.Ta- 
Uon. 
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may  also  be  demonstrated  with  an  ordinaiy  gal?anometer ;  but  the 
obtained  by  the  frog's  leg  is  sufficiently  eonclusire. 

Matteucci  constructed  out  of  the  fresh  muscles  from  the  thigh  of  the  in 
what  is  sometimes  called  a   frog-battery;   which  is  made  hr  taking 

muscles  of  the  low^r  1 


^ 


f 


'C 


fi 


of  the  thigh  from  ierenl 
frogs,  removing  the  Iwd«sl 
and  arraogi 
series,  each 

cal  extremity  inserted  inil 
the  central  cavity  of 
one  below.  In  this 
the  external  surface  ii 
each  thigh  except  thi^  hit 
is  in  contact  with  the  in- 
ternal surface  of  the  oil* 
below.  If  the  two  extieia% 
ities  of  the  pile  be 
nected  with  a  galvaBon 
ter,  quite  a  powerful  < 
rent  from  the  intcmail  ta 
the  external  surface  of  I 
musi?le    may   be    deniiU 

In  a  pile  for 
of  ten  elert 
die  of  a  gal  er  i 

deviated  30*  to  4u^ 

Electric  cnrrenta 
observed  in  all  living  WA 

bat    they  are  wxA 
marked  in  the  toji 
and  warm-blooded  animals.    They  exist,  also,  for  a  certain  time  after  dc 
Artificial  tetanus  of  the  muscles,  however,  instead  of  intensifying  the 
rent,  causes  the  galvanometer  to  recede.    If,  for  example,  the  needle  of  i 
instrument  show  a  deviation  of  30^  during  repose,  when  the  muscle  Is  exc 
to  tetanic  contraction,  it  will  return  so  as  to  mark  only  10°  or  15^,  or  it  \ 
even  return  to  zero.     This  phenomenon,  which  is  called  negative  variatMmi 
the  muscular  current^  is  observed  only  during  a  continued  muscular  oont 
tion  and  it  does  not  attend  a  single  contraction. 

Muftcular  Effort. — The  mere  voluntary  movement  of  parts  of  the 
when  there  is  no  obstacle  to  be  overcome  or  no  great  force  is  re<)uireci^ 
very  different  from  a  muscular  effort.  For  example,  in  ordinary  prog 
there  is  simply  a  movement  produced  by  the  action  of  the  proper  mi 
almost  without  consciousne-ss,  and  this  is  unattended  with  any  considerable 
modification  in  the  circulation  or  respiration ;  but  in  attempting  to  lift  a 
heavy  weight,  to  jump,  to  strike  a  powerful  blow  or  to  make  any  vigorQUi 


/:' 


Fio.  \fii.—Mu»c%dar  mrrmt  in  the  frog  <^emxpdk\. 
F1^  1^  poitioii  of  th«  Lhlich,  with  th«  Bkin  removed ;  a,  sarfAoe  of    ef t^t art 

the  mtMrJes ;  h,  section  ;  the  dlrectkui  of  the  currenl  is  indi-    StnueQ. 

eat^  by  the  arrow. 
Fijf ,  iJ,  the  nerve  of  &  frojp'n  lee  (the  Iftic  enckiited  in  a  ^lass  tube)  b 

upplieil  to  tlie  »t*ctioD  and  the  surface  of  the  rouscJr.    TbtTv  is 

tio  rontmction,  because  ft  is  oeceasary  that  a  portioo  of  Uie 

oerre  should  be  raised  up. 
Fi^.  X  a  portloQ  of  the  ner^e  is  niKd  with  a  frtaw  rod.    The  ccin- 

tn&ctiOD  of  the  gal^ano«cofiic  }»^  oocurs  at  the  making  of  the 

circuit,  because  the  curreot  foUowa  the  course  of  the  nerve,  ur 

It  de«oefidin]c. 
Fig.  4,  the  coatTa4:tion  here  occom  at  the  breaking  of  the  circuit, 

becfttue  the  direction  of  the  cumeot  ia  opposite  the  ooune  or   elc^ 

the  nerre,  or  is  ascending.  ^ 
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effort,  the  action  is  different.  In  the  ktter  instimce,  a  certain  preparation 
for  the  muscukr  effort  is  made  by  infliiting  the  lungs,  elos^ing  tlie  glottifl 
and  eontnicting  more  or  less  forcibly  the  expinitory  muscles  so  iis  to  render 
the  thorax  rigid  and  unyieliling ;  and  by  a  concentmted  effort  of  the  will,  the 
proper  muscles  are  then  brougfit  into  action.  This  action  of  the  muscles  of 
the  thorax  and  abdomen,  due  to  simple  effort  and  independent  of  the  partic- 
ular muscular  act  that  is  to  be  accomplished,  compresses  the  contents  of  the 
rectum  and  bladder  and  obstructs  very  muterially  the  venous  circulation  in  the 
large  vessels.  It  is  well  known  that  hernia  frerjuently  is  produced  in  this 
way;  the  veins  of  the  face  and  neck  become  turgid;  the  conjunctiva  may  be- 
come ecchymosed ;  and  sometimes  aneiirismal  sacs  are  ruptured.  An  effort 
of  this  kind  is  generally  of  short  duration,  and  it  can  not,  indeed,  be  pro- 
longed beyond  the  time  during  which  respiration  can  be  conveniently  arrested* 
There  are  degrees  of  effort  which  are  not  attended  witli  this  powerful  ac- 
tion of  the  muscles  of  the  chest  and  abdomen,  and  in  which  the  glottis  ia 
not  completely  closed;  and  an  opening  into  the  tmchea  or  larynx,  rendering 
immobility  of  the  thoriix  impossible,  does  not  interfere  with  cert^iin  acts  that 
require  considerable  muscular  power.  If  the  glottis  be  exposed  in  a  dog, 
when  he  makes  violent  efforts  to  escape,  the  opening  is  firmly  closed.  This 
is  often  observed  in  vivisections ;  hut  Longet  has  shown  that  dogs  with  an 
opening  into  the  trachea  are  frequently  able  to  run  and  leap  with  "  astoniah- 
|ing  agility."  He  also  sjtw  a  horse,  with  a  large  C4tnula  in  the  trachea,  that 
erforraed  severe  labor  and  drew  heavily  loaded  wagons  in  the  streets  of  Paris. 

Passive  Organs  op  Locomotion. 

It  would  be  out  of  place  to  describe  fully  and  in  detail  all  of  the  varied 
and  complex  movements  produced  by  muscular  action.  Many  of  these,  such 
OS  the  movements  of  deglutition  and  of  respiration,  are  necessarily  consid- 
ered in  connection  with  the  functions  of  which  they  form  a  part;  but 
others  are  purely  anatomical  questions.  Associated  and  antagonistic  move- 
ments, automatic  and  reflex  movementa  etc.,  belong  to  the  history  of  the 
motor  nerves  and  will  be  fully  considered  in  connection  with  the  physiology 
of  the  nervous  system. 

The  study  of  locomotion  involves  a  knowledge  of  the  physiological  anat- 
omy of  certain  passive  organs,  such  as  the  bones,  cartilages  and  ligaments. 

j  Although  a  complete  history  of  the  stmeture  of  these  parts  trenches  some- 

'vhat  upon  the  domain  of  anatomy,  a  brief  description  of  their  bi.^*tology  will 
practically  complete  the  account  of  the  tissues  of  the  body,  with  the  excep- 
tion of  the  nervous  system  and  the  organs  of  generation,  which  will  be 
taken  up  hereafter* 

L<x;omotion  is  effected  by  the  muscles  acting  upon  certain  passive,  mov- 
able parts.     These  are  the  bones,  cartilages,  ligaments,  aponeuroses  and  ten- 

Idona,    The  fibrous  structures  have  already  been  described,  and  it  only  remains 

jto  study  the  structure  of  bones  and  cartilages. 

Phygiol4>gical  Atmtomy  of  the  Boftes.— The  bones  are  composed  of  what  ia 
called  the  fundamental  substance,  with  cavities  and  canals  of  pecuhar  form. 
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The  cavities  contain  corpuscular  bodies  calleil  bone-corpiiaclea.    Tbecndi 
of  larger  si2e  serve  for  the  passage  of  blood-TesBels^  while  the  onlkr  amk 

(eanalicaU)   connect    the  <mfiti« 
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with  each  other  and  finaltr  witii  br 
vascular  tubes.  Man?  ol  the  bans 
present  a  medullary  cavitr,  OM 
tilth  a  peculiar  structure  caW 
marrow.  In  almost  all  bones  thsi 
are  two  distinct  poitioDs;  on, 
which  is  exceedinglj  compn-t,  id 
the  other^  more  or  leai  wpmgjv 
cancellated.  The  bones  n^  ib 
invested  with  a  membmiSv  oot- 
tuining  vessels  and  nenrei^  cnUal 
the  periosteum. 

The  fundamentjd  sulietjiiuY  p 
composed  of  an  organic  n&iUrr, 
called  ogeeine,  combined  with  mv 
ous  inorganic  salts,  in  which  cilcv 
um  phosphate  largely  predoim^ 
nates.  In  addition  to  cakimn  pbos* 
phate,  the  bones  contain  cukiiim 


Flo.  IM.— riumBiflr  eoiwii*  nnd  fnetmtB,  aeen  in  n  Ian- 

Silmtt^t^'^f  ^*'''  ''''*'^'^*  '^^^  carbonate,  calcium  fluoride, 

a,  a,  <H  vttM^iiar  conait :  5,  ^  ft.  lacuoie  and  canaUcuU  nesium   phosphate,  eodintn  phoi- 

in  the  fuadftjueolAl  MiLstAOoe.  ,  .       ^. .  i  «     • «        n»i 

phate  and  sodium  chlonde.  Tw 
relative  proportions  of  the  organic  and  inorganic  congtituenta  are  sonievhit 
variable ;  but  the  average  is  about  one-third  of  the  former  to  tvothinli  4 
salts.  This  proportion  is  neceseary  to 
tlie  proper  eonsiisteuce  and  toughness 
of  the  bones. 

Anatomically^  the  fundamental 
substance  of  tlie  bones  is  arrangLsl  in 
the  form  of  regular,  concentric  lum- 
ellffi,  about  y^^  of  an  inch  (8  /*)  in 
thickness.  This  matter  is  of  an  in- 
definitely and  faintly  striated  appear- 
ance, but  it  c^n  not  be  reduced  to  dis- 
tinct fibres.  In  the  long  bones  the 
armngcment  of  the  lamellaB  is  quite 
regular,  surrounding  the  Haversian 
canals  and  forming  what  are  some- 
times called  the  Haversian  rod^  fol- 
lowing in  their  direction  the  length 
of  the  bone.  In  the  short,  thick 
bones  the  lamellae  are  more  irregular,  frequently  radiating  from  the  oeatral 
portion  toward  the  periphery. 
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The  Haversian  ciinala  exist  in  the  compact  bony  structure.  They  are 
either  absent  or  are  very  few  in  the  spongy  and  reticulated  portions.  Tlieir 
fonn  is  rounded  or  ovoid,  the  larger  canals  being  sometimes  quite  irregular. 
In  the  long  bones  their  direction  is  generally  longitudinal,  although  they 
auastomose  by  lateral  branches.  Each  one  of  these  canals  contains  a  blood- 
vessel, and  their  tlispusitiou  constitutes  the  vui^cukr  arrangement  of  the 
bones.  They  are  all  connectL-d  with  the  openings  on  the  surface  of  the 
bone3,  by  which  the  arteries  penetrate  and  the  veins  emerge.  Their  size, 
of  course,  is  variable.  The  hu'gest  lU'e  about  ^  of  an  inch  (400  /i)  and  the 
smallest,  ^^  of  an  inch  (oO  fi)  in  diameter  (Sappey).  Their  average  size 
i^  i^W  to  j^  of  an  inch  (lUO  to  Itb  ft)»  In  a  transverse  section  of  a  long 
bone,  the  Haversian  canals  may  be  seen  cut  across  and  surrounded  by  twelve 
to  fifteen  lamelhe. 

LficufKB, — The  fundamental  substance  is  everywhere  marked  by  irregular, 
microscopic  excavations,  of  a  peculiar  form,  called  lacuna.  They  are  con- 
nected with  little  canals,  giving  them  a  stellate  appearance.  These  canals 
lu-e  most  abundant  at  tiie  sides  of  tiie  lacuna*.  The  lacuuie  measure  y/ji^  to 
If  Jtt  of  an  inch  (20  to  30  /i)  in  their  long  diameter,  by  about  ^^  of  an  inch 
(10  fi)  in  width. 

VamtUculi, — These  are  little,  wavy  canals,  connecting  the  lacunae  with 
each  other  and  presenting  a  communication  between  the  fii-st  series  of  lacunse 
and  the  Haversi- 
an canals.     Each  ..^>e  >  ^'  *v  ^^ 

lacuna      presents       ^  ,:  ^.•'^'     ''  »^     . 

eighteen  to  twen-   ^     . 
ty  canal iculi  radi*  ^V:^  >v  , 
aring     from    its 
bordere.  The 

length  of  the  can- 
aliculi  is  -^^  Ui 
1^  of  an  iuch 
(;iO  to  40  il),  and 
their  diameter  is 
about  ^^  of  an 
inch  (1  ^),  The 
arrangement  and 
relations  of  the 
Haversian  canals, 
lacunae  and  cana- 
liculi  are  shown 
in  Fig,  100. 

Bone'Cells  or  Corpuscles. — These  structures  are  stellate,  grannlan  with  a 
large  nucleus  and  several  nucleoli,  and  are  of  exactly  the  size  and  form  of 
the  lacuna?.  They  send  out  prolongEvtions  into  the  canaliculi,  but  it  has 
been  impossible  to  ascertain  positively  wliether  or  not  they  form  membranes 
Uning  the  canaliculi  throughout  their  entire  length. 
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VajiCtjhir  cftmtiri  and  htr^tftn-,  nrm   lu  a   trfntsrry.sr 
humerus  ;  tnaffnt fieri  IW)  diameters  (J^ftppeyK 
1,  1.  1.  «H?tlr>n  of  the  Havfrsinn  canak ;  2,  «#^*tlon  of  a  lonjdfiKliiial  canal  ill- 
videil  at  thp  point  of  ftw  atuistniiK^KiK  with  a  tratunperBC  canal.     Around  tlie 
canals,  cut  .icrosj*  ji+^n^^'Tnllriilarly,  are  set-n  the  iacilBffi  (with  tlieir  canaU- 
cuUi.  furmitig  couct'iitric  Hiij2;». 
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TlQ,  WL—Trantt^er^  aeetion  of  in^ne.from  the  tthiifi 
of  the  human  hnmtrhUK  '  mnqnip*>ii  INI  f/irtme- 
ten  (from  a  phoiticrapb  taken  al  iUe  United 
col  Mtifit 


States  Army  Medical  Mtifieuui). 


Marrow  of  the  Bone^. — The  marrow  is  found  in  the  mednllarr  csrltiisK  { 
the  long  bones,  filling  them  completely  and  moulded  to  all  the  irreguUrili 

of  their  walls.  It  is  aL^:»  found  fiUiQ 
the  cells  of  the  spongy  portion. 
other  words,  with  the  exceptiofi 
the  vascular  canals,  lacuna*  and  cai**^ 
liculi,  the  marrow  fills  all  the  «pi«s 
in  the  fundamental  gnlistjince.  Thi^ 
cavities  of  the  bones  jire  not  lined 
with  a  membrane  corre^|H)ndirig  Im 
the  periosteum,  and  the  marrow  b 
applied  directly  to  the  bony  -ol^- 
stance.  In  the  fcptns  and 
young  children  the  marrow 
and  very  vascular.  In  the  adult  it  \ 
yellow  in  some  bones  and  gray 
geiatiniform  in  others.  It  contj 
certain  peculiar  cells  and  nuclei,  irid 
amorphous  matter,  adipose  vesida 
connective  tissue,  blood-ve^eU  an 
nerves.  Robin  has  described  little  boflies,  eidsting  both  in  the  form  of  teU 
and  free  nuclei,  called  medullocells.  These  are  found  in  great4?r  or  leas  Dtio 
ber  m  the  bones  at 
all  ages,  but  they  are 
more  abundant  in 
proportion  as  the 
amorphous  matter 
and  fat-cells  are  de- 
ficient. The  nuclei  are 
spherical,  sometimes 
with  irregular  bor- 
ders, generally  with- 
out nucleoli,  finely 
granular,  and  -g^ 
^^  tAts  ^^  ^^  *^'^'b  (5 
to  8  fi)  in  diameter. 
They  are  insoluble  in 
acetic  acid.  The  cells, 
which  are  less  abun- 
dant than  the  free  nu- 
clei, are  spherical  or 
slightly     poly  bed  ric, 

contain  a  few  pale  granulations,  are  rendered  pale  but  are  not  dissoll 
by  acetic  acid,  and  they  metisure  about  yVjnr  ^^  *^"  ^^^^^  (l^*  t*)  ^^  diameK 
Irregular,  nucleated  patches,  described  by  Kobin  under  the  name  of  mye 
plaxes,  more  abundant  in  the  spongy  portions  than  in  the  meduUary  ciinaK 
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are  found  applied  to  the  internal  surfaces  of  the  bones.  They  are  very  irreg- 
ular in  size  and  form  (measuring  y^  to  7^  of  an  inch,  or  20  to  100  /i  in 
diameter),  are  finely  granular,  and  present  two  to  twenty  or  thirty  nuclei. 
The  nuclei  are  clear  and  ovoid  and  are  generally  provided  with  a  distinct 
nucleolus.  The  myeloplaxes  are  rendered  pale  by  acetic  acid,  and  the  nuclei 
are  then  brought  distinctly  into  view.  They  are  particularly  abundant  in 
the  red  marrow. 

In  addition  to  the  anatomical  elements  just  described,  the  marrow  con- 
tains a  few  very  delicate  bundles  of  connective  tissue,  most  of  which  accom- 
pany the  blood-vessels.  In  the  foetus  the  adipose  vesicles  are  few  or  may 
be  absent ;  but  in  the  adult  they  are  quite  abundant,  and  in  some  bones  they 
seem  to  constitute  the  whole  mass  of  the  marrow.  They  do  not  differ  ma- 
terially from  the  fat-cells  in  other  situations.  Holding  these  different  struct- 
ures together,  is  a  variable  quantity  of  semi-transparent,  amorphous  or  slightly 
granular  matter. 

The  nutrient  artery  of  the  bones  sends  branches  to  the  marrow,  generally 
two  in  number  for  the  long  bones,  which  are  distributed  between  the  various 
anatomical  elements  and  finally  surround  the  fatty  lobules  and  the  fat- vesicles 
with  a  delicate  capillary  plexus.  The  veins  correspond  to  the  arteries  in 
their  distribution.  The  nerves  follow  the  arteries  and  are  lost  when  these 
vessels  no  longer  present  a  muscular  coat.  Nothing  is  known  of  the  presence 
of  lymphatics  in  any  part  of  the  bones  or  in  the  periosteum. 

The  chief  physiological  interest  connected  with  the  marrow  of  the  bones 
is  in  its  relations  to  the  formation  of  blood-corpuscles.  This  question  has 
already  been  discussed  in  connection  with  the  development  of  the  corpuscular 
elements  of  the  blood. 

Periosteum. — In  most  of  the  bones  the  periosteum  presents  a  single  layer 
of  fibrous  tissue,  but  in  some  of  the  long  bones  two  or  three  layers  may  be 
demonstrated.  This  membrane  adheres  to  the  bone  but  can  generally  be 
separated  without  much  difficulty.  It  covers  the  bones  completely,  except 
at  the  articular  surfaces,  where  its  place  is  supplied  by  cartilaginous  incnista- 
tion.  It  is  composed  mainly  of  ordinary  fibrous  tissue  with  small  elastic 
fibres,  blood-vessels,  nerves  and  a  few  adipose  vesicles. 

The  arterial  branches  ramifying  in  the  periosteum  are  quite  abundant, 
forming  a  close,  anastomosing  plexus,  which  sends  small  branches  into  the 
bony  substance.  There  is  nothing  peculiar  in  the  arrangement  of  the  veins. 
The  distribution  of  the  veins  in  the  bony  substance  itself  has  been  very  little 
studied. 

The  nerves  of  the  periosteum  are  very  abundant  and  form  in  its  substance 
quite  a  close  plexus. 

The  adipose  tissue  is  very  variable  in  quantity.  In  some  parts  it  forms  a 
continuous  sheet,  and  in  others  the  vesicles  are  scattered  here  and  there  in 
the  substance  of  the  membrane. 

The  importance  of  the  periosteum  to  the  nutrition  and  regeneration  of 
the  bones  is  very  great.  Instances  are  on  record  where  bones  have  been 
removed,  leaving  the  periosteum,  and  in  which  the  entire  bone  has  been 
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regenerated.  The  importance  of  tbt 
periosteum  has  been  stiU  farther  iliui- 
trated  by  the  experiments  cif  Oilier 
and  others,  upon  tranHplantataou  of 
this  membrane  in  ti  ^  rent  tisBom 
of  living  animals,  ^v  .s  been  fo4- 

li>wed  by  the  formation  of  bone  is 
ht^Si?  eitimtions. 

Fht/i<tolo(fic4il  Anatmny  af  Carti* 
lajffp, — In  this  comiectiun  the  stmcittir 
of  the  articnhir  curtilages  presenUthe 
chief  physiological  int43rt^t  The  ar* 
ticular  surfaces  of  all  the  bones  «re 
Fro  ^^^^->^ru.u./uuuu^i.fr.mtkerihofthe  cncrusted   with  a  layer  of  cartilage, 

varying  in  thickness  between  ^  atwl 
l*y  of  an  inch  (0-5  and  1  mm.).  Thr 
cartilaginous  substance  is  whiter  opal- 
ine, and  semi  -  transparent  when  examined  in  thin  sectionfl.  It  is  not 
covered  with  a  membrane,  but  in  the 
non  -  articular  cartilages  it  has  an 
investment  analogous  to  the  perios- 
teum. 

Examined  in  thin  sections,  cartilage 
is  found  to  consist  of  a  homogeneous 
fundamental  substance,  marked  with 
excavations,  called  cartilage-cavities  or 
chondroplasts.  The  intervening  sub- 
stance has  a  peculiar  organic  constitu- 
ent, called  chondrine.  The  organic 
matter  is  united  with  a  certain  propor- 
tion of  inorganic  salts.  This  funda- 
mental substance  is  elastic  and  resist- 
ing. The  cartilages  are  closely  united 
to  the  subjacent  Ikjuv  tissue.  The 
free  articular  surfa<:'e  has  already  been 
describeil  in  connection  witli  the  syn- 
ovial membranes, 

Cartilag^Cavities. — These  ciivitiea 
are  rounded  or  ovoid,  measuring  tiW  *! 
to  y^  of  an  inch  (*^0  to  80  /i)  in  diam- 
eter. They  are  generally  smaller  in 
the  articular  cartilages  than  in  other 
situations,  as  in  the  costal  cartilages. 
They  ai'©  simple  excavations  in  the 
fundamental  substance,  have  no  lining 
membrane,  and  they  contain  a  small       loyer; 
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quantity  of  a  Tiscid  liquid  with  oue  or  more  eella^  They  are  analogaua  to  tlie 
lacunae  of  the  bones. 

C^rtila^e-CeUs. — Near  the  surface  of  the  articular  cartilages  the  ciintit^a 
contaiu  each  a  single. cell;  but  in  the  deeper  portions  the  cavities  are  long 
and  contain  two  Ui  twenty  cells  arranged  longitudinally.  The  cells  are  of 
about  the  size  of  the  smallest  cavities.  They  are  ovoid,  with  a  large,  granular 
nucleus.  They  often  contain  a  few  small  globules  of  oil  In  the  costal  carti- 
^es  the  cavities  ai'c  not  abundant  but  are  rounde<l  and  quite  hirge.  The 
pUs  contaiu  generally  a  certain  quantity  of  fatty  matter.  The  uji]>eurance 
of  the  ordinary  articular  cartilage  is  represented  in  Fig.  1G4 

The  ordinary  cartilages  have  neither  blood-vessels,  IpnphatK.s  ww  nerves, 
and  are  nourished  by  imbibition  from  the  surrounding  parts.  In  the  develop- 
ment of  the  body,  the  anatomy  of  the  cartilaginous  tissue  possesHes  peculiar 
importance,  frnm  the  fact  that  the  deposition  of  cartilage,  with  a  few  excep- 
ions,  precedes  the  formation  of  bone- 

Fibro-Cartiiagt* — ^This  variety  of  cartilage  presents  certain  important 
peculiarities  in  the  structure  of  its  fundamoutal  substiince.  It  exists  in  the 
synchondroses,  the  cartilages  of  the  ear  and  of  the  Eustachian  tubes,  the 
interarticular  disks,  the  intervertebral  cartilageSt  the  cartilages  of  Santorini 
and  of  Wrisberg,  and  the  epiglottis. 

FibroH^anilage  is  composed  of  true  fibrous  tissue  with  a  great  predomi- 
nance of  elastic  fibres^  fusiform,  nucleated  fibreis,  a  cei*tain  number  of  adipoao 
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vesicles,  cartilage-cells,  blood-vessels  and  nerres  (Sappey),  The  fibrous  ele- 
ments above  mentioned  take  the  place  of  the  homogeneous  fundamental  sub- 
(tance  of  the  true  cartilage.  The  most  important  peculiarity  in  the  structure 
l>f  this  tissue  is  that  it  is  abundantly  sujiplied  with  blood- vesstLls  and  nerves. 

The  reader  is  referred  to  works  upon  anatomy  for  a  history  of  the  action 
of  the  muscles.    In  some  works  upon  physiology,  will  be  found  descriptions 
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of  the  acta  of  walking,  ninning,  leaping,  swimming  etc ;  bat  it  hm 
thought  better  to  omit  these  subjt^ts^  rather  than  to  enter  so  minuti^lTBi 

would  be  necessary  into  anatomical  detaOj 
and  to  give  elaborate  descriptions  of  mQit- 
ments  that  are  simple  and  familiar. 
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Voice  axd  Sp£EC£L 

The  principal  organ  concerned  in  tl 
duction  of  the  voice  is  the  larynx. 
cessory  organs  are  the  lungs,  trachea,  tvpl- 
ratory  muscles,  the  month  and  the  rw«onjLDt 
cavities  about  the  face.  The  lungs  ftimifb 
the  air  by  which  the  vocal  chords  are  throrQ 
into  vibration,  and  the  mechanism  of  xhu 
action  is  merely  a  modification  of  expiratioQ. 
By  the  action  of  the  expiratory  niuselts  the 
intensity  of  vocal  sounds  is  regulated.  Tl^ 
trachea  not  only  oonducts  the  air  to  the 
larynx,  but  it  may  assist,  by  resonanoe,  ia 
modif}i ng  the  quality  of  the  voice.  Mo 
of  the  variations  in  the  tone  and  qiiali^ 
however,  are  effected  by  the  fiction  of 
liiripiix  itself  and  of  the  parts  situated  abofi 
the  lar>'nx. 

^keich  of  the  PhysiftJfH/irnl  Au'd-^unnf^ 
the    Vocal    Organs. — The   vocaI    <•lior«L'^  jtrr 
stretched  across  the  superior  opening  of 
larynx  from  before  backward.     They  con 
of  two  pairs.     The  superior,  called  the  fa 
vocal  chords  or  the  ventricular  bands*  are  n(Ji 
concerned   in  the  production  of   the   Toio 
They  are  less  prominent  than  the  infe 
chords,  although  they  have  nearly  the 
direction.    They  are  covered  by  a  thin 
cons  membrane,  which  is  closely  adherent  i 
The  chords   themselves  are  composed  of  ordic 


the  subjacent  tissue^ 

fibrous  tissue,  with  a  few  elastic  fibres. 

The  true  vocal  chorda,  or  vocal  bands,  are  situated  just  below  the  super 
chords*     Their  anterior  attachments  are  near  together,  at  the  middle  of 
thyroid  cartihige,  and  are  immovable.     Posteriorly  they  are  attached  to 
movable  arvtenoid  cartilages ;  and  by  the  action  of  certain  mttscles,  thi 
tension  may  be  modified  and  the  chink  of  the  glottis  may  be  opened  or  < 

These  are  much  larger  than  the  false  vocal  chords,  and  they  contain  a  ]      

number  of  elastic  fibres.     Like  the  superior  vocal  chords,  they  are  cofend 
with  a  very  thin  and  closely  adherent  mucous  membrane.     The  mi 
membrane  over  the  borders  of  the  chords  is  covered  with  flattened  epitheUo 
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without  cilia.  There  are  no  mucous  glands  in  the  membrane  covering  either 
the  superior  or  the  inferior  chords.  The  inferior  vocal  chords  alone  are  con- 
cerned in  the  proiiaetion  of  the  voice. 

Musdea  of  ihe  Larytix. — The  muscles  of  the  larynx  are  classified  as  ex- 
trindc  and  intrinsic.  The  extrinsic  muscles  are  attached  to  the  outer  surface 
of  the  larynx  and  to  adjacent  organs,  sneh  as  the  hyoid  bone  and  the  sternum* 
They  ar«  concerned  chiefly  in  the  movements  of  elevation  and  depression  of 
the  larynx.  The  intrinsic  muscles  are  attached  to  the  different  parts  of  the 
larynx  itself,  and  by  their  action  upon  the  articulating  cartilages^  are  capublw 
of  modifying  the  condition  of  the  vocal  chords. 

The  vocaI  chords  can  be  rendered  tense  or  loose  by  muscular  action. 
Their  fixed  point  is  in  front,  where  their  extremities,  attached  to  the  thyruid 
cartilage,  are  nearly  or  quite  in  contact 
with  each  other.  The  arytenoid  cartilages^ 
to  which  they  are  attached  posteriorly, 
present  a  movable  articulation  with  the 
criooid  cartilage;  and  the  cricoid,  which 
is  narrow  in  front,  and  is  wide  behind, 
where  the  aiTtenoid  cartilages  are  attiiched, 
presents  a  movable  articulation  wnth  the 
thyroid  cartilage.  It  is  evident,  therefcjre, 
that  muscles  acting  upon  th^  cricnid  car- 
tilage can  cause  it  to  swing  upon  its  two 
points  of  articulation  with  the  inferior 
comua  of  the  thyroid,  raiding  the  anterior 
portion  and  approximating  it  to  the  lower 
jsdge  of  the  thyroid ;  and  as  a  consequence, 
the  posterior  portion,  ^vhich  carries  the 
arytenoid  cartilages  and  the  posterior  at- 
tatdiments  of  the  vocal  chords,  is  depressed. 
This  action  would,  of  course,  increase  the 
distance  between  the  arytenoid  cartilages 
and  the  anterior  portion  of  the  tliyroid, 
elongate  the  vocal  chords,  and  subject 
them  to  a  certain  degree  of  tension.  Experiments  have  shown  that  such  an 
effect  ia  produce<1  by  the  contraction  of  the  crico- thyroid  muscles. 

The  articulations  of  the  di  tie  rent  parts  of  the  lar^oix  are  such  that  the 
arytenoid  cartilages  may  be  approximated  to  each  other  posteriorly,  thus 
diminishing  the  interval  between  the  posterior  attachments  of  the  vm^al 
chords.  This  action  can  be  etfected  by  contraction  of  the  single  musc:le  of 
the  larynx  (the  arytenoid)  and  also  by  the  lateral  crico-arvtenoid  muscles. 
The  thyro-arytenoid  muscles,  the  most  ^complicated  of  all  the  intrinsic  mus- 
cles in  their  attachments  and  the  direction  of  their  fibres,  are  important  in 
regulating  the  tension  and  capacity  of  vibration  of  the  vocal  chords. 

The  posterior  crico-arytenoid  muscles,  arising  from  each  latcnd  hiilf  of 
the  posterior  surface  uf  the  cricoid  cartilage  and  passing  upward  aud  outward 
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to  be  inserts  into  the  outer  angle  of  the  inferior  portion  of  the 
cartilages,  rotate  these  cartilages  outward,  separute  them,  and  act  a^  diiatorsoT 

the  chink  of  the  glottis.     These  muscle?  aj? 
chiefly  concerned  m  the  respiratorj  mo^ 
mentis  daring  inspiiivtion. 

The   muscleg   mainly  concerned    in 
modifications  of  the  voice  by  their  acti< 
upon  the  vocal  chords,  are  the  cricc^-ihiToii 
the  arytenoid,  tlie  luterjil  crioo-ar^-tetmids 
the   thyro  -  arytenoids.      The  ftillowing  \» 
sketch  of  their  attachments  and  mcKie  uf 
tion; 

CricO'ihyroid  Muscles,  —  Tliese  luiiscl 
are  situated  on  the  outride  of  tlie  laryiix* 
the  anterior  and  lateral  portions  of  the  ci 
coid  cartilage.  Each  muscle  is  of  a 
lar  form,  the  ba.se  of  the  triangle  preeenti 
posteriorly.  It  arL«es  from  the  anterior 
lateral  portions  of  the  criiHiid  car:  ' 
its  fibres  diverge  to  be  inserted  in 
ferior  border  of  the  thyroid  cartilage,  ext$] 
ing  from  the  middle  of  thig  border 
ly,  ai»  far  back  as  the  inferior  com 
get,  after  dividing  the  nervous  fiiament^  dij 
tributed  to  these  muscles^  noted  a  ct^riain 
gvi^^  of  hoarseness  of  the  voice  due  to  n*I 
tion  of  the  vucal  chortls;  and  by  imitat 
their  action  mechanically,  he  approsimat 
the  cricoid  and  th}Toid  cartilages  in  fnmi, 
carri€*d  back  the  arytenoid  cartilages  and 
dered  tlie  chords  tense. 
Arytenoid  Muscle. — This  single  muscle  fills  up  the  space  between  the 
arytenoid  cartilages  and  is  attached  to  their  posterior  surface  and  IkmxIi 
Its  action  evidently  is  to  approximate  the  posterior  extremities  of  the 
and  to  constrict  the  glottis,  as  far  as  the  articulations  of  the  arytenoid 
lage  with  the  cricoid  will  permit.  In  any  event,  this  muscle  is  irn; 
pbo nation,  as  it  serves  to  fix  the  posterior  attachments  t)f  thev^* 
and  to  increase  the  efficiency  of  certain  of  the  other  intrinsic  muscles. 

Lateral  Crko-arytenoid  MftsdeM, — These  muscles  are  situated  in  the 
terior  of  the  larynx.  Tliey  arise  from  the  sides  and  superior  borders  of 
cricoid  cartilage,  pass  upwai'd  and  backward,  and  are  attached  to  the  base 
the  arytenoid  cartilages.  By  dividing  all  tlie  filaments  of  the  recurrent  lar; 
geal  nerves,  except  those  distributed  to  these  muscles,  and  then  stimulatii 
the  nerves,  Longet  has  shown  that  they  act  to  approximate  the  vix^al  cbo 
and  that  they  constrict  the  glottis,  particularly  in  its  interligamentc»ud 
tion*     These  muscles,  with  the  arytenoid,  act  as  constrictors  of  the  larynx. 
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Tliyrtharytenoid  Muscles. — These  muscles  are  situated  Tidthin  the  larynx. 
They  are  broad  and  flat,  and  they  arise  in  front  from  the  upper  part  of  the 
crico-thyroid  membrane  and  the  lower  half  of  the  thyroid  cartilage.  From 
this  line  of  origin,  each  muscle  passes  backward  in  two  fasciculi,  both  of 
which  are  attached  to  the  anterior  surface  and  the  outer  borders  of  the  aryt- 
enoid cartilages.  Stimulation  of  the  nervous  filaments  distributed  to  these 
muscles  renders  the  vocal  chords  tense.  The  great  variations  that  may  be 
produced  in  the  pitch  and  quality  of  the  voice  by  the  action  of  muscles  oper- 
ating directly  or  indirectly  upon  the  vocal  chords  render  the  problem  of  de- 
termining the  precise  mode  of  action  of  the  intrinsic  muscles  of  the  larynx 
complicated  and  difficult.  It  is  certain,  however,  that  in  these  muscular 
acts,  the  thyro-arytenoids  play  an  important  part.  Their  contraction  regu- 
Utes  the  thickness  of  the  vocal  chords,  while  at  the  same  time  it  modifies 
their  tension.  The  swelling  of  the  chords,  which  may  be  rendered  regular 
and  progressive  under  the  influence  of  the  will,  is  one  of  the  most  important 
elements  in  the  formation  of  the  timbre  of  the  voice. 

Mechatiism  of  the  Production  of  the  Voice. — If  the  glottis  be  examined 
with  the  laryngoscope  during  ordinary  respiration,  the  wide  opening  of  the 
chink  during  forced  inspiration,  due  to  the  action  of  the  posterior  crico- 
arytenoid muscles,  can  be  observed  without  difficulty.  This  action  is  effected 
by  a  separation  of  the  posterior  points  of  attachment  of  the  vocal  chords  to 
the  arytenoid  cartilages.  During  ordinary  expiration,  none  of  the  intrinsic 
muscles  seem  to  a^t  and  the  larynx  is  entirely  passive,  while  the  air  is  gently 
forced  out  by  the  elasticity  of  the  lungs  and  of  the  thoracic  walls ;  but  so 
soon  as  an  effort  is  made  to  produce  a  vocal  sound,  the  appearance  of  the 
glottis  undergoes  a  change,  and  it  becomes  modified  in  the  most  varied  man- 
ner with  the  different  changes  in  pitch  and  intensity  that  the  voice  can  be 
made  to  assume.  Although  sounds  may  be  produced,  and  even  words  may 
be  articulated,  with  the  act  of  inspiration,  true  and  normal  phonation  takes 
place  during  expiration  only.  It  is  evident,  also,  that  the  inferior  vocal 
chords  alone  are  concerned  in  this  act. 

Movements  of  the  Glottis  during  Phonation, — It  is  somewhat  difficult  to 
observe  with  the  laryngoscope  all  of  the  vocal  phenomena,  on  account  of  the 
epiglottis,  which  hides  a  considerable  portion  of  the  vocal  chords  anteriorly, 
especially  during  the  production  of  certain  notes ;  but  the  patience  and  skill 
of  Manuel  Garcia,  a  celebrated  teacher  of  singing,  enabled  him  to  overcome 
most  of  these  difficulties,  and  to  settle,  by  autolaryngoscopy,  certain  impor- 
tant questions  with  regard  to  the  action  of  the  larynx  in  singing.  It  is  for- 
tunate that  these  observations  were  made  by  one  versed  theoretically  and 
practically  in  music  and  possessed  of  great  control  over  the  vocal  organs. 

Garcia,  after  having  observed  the  respiratory  movements  of  the  larynx, 
as  they  have  just  been  briefly  described,  noted  that  as  soon  as  any  vocal  effort 
was  made,  the  arytenoid  cartilages  were  approximated,  so  that  the  glottis 
appeared  as  a  narrow  slit  formed  by  two  chords  of  equal  length,  firmly 
attached  posteriorly  as  well  as  anteriorly.  The  glottis  thus  undergoes  a 
marked  change.     A  nearly  passive  organ,  opening  for  the  passage  of  air 
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into  the  lungs  but  entirely  inactive  in  expiration,  has  now  become  a  max 
cal  instnunent^  presenting  a  slit  with  borders  capable  of  aucnmtti 
tions. 

The  approximation  of  the  posterior  extremities  of  the  Tocal  chonk  mi 
their  tension  by  the  action  of  certain  of  the  intrinsic  muw'les  are  mxaor 
,  plishecl  just  before  the  vocal  ctlort  U  adnaHr 

made.  The  glottis  being  thua  prepared  for  the 
emission  of  a  particular  sound,  the  expinton 
muscles  force  air  through  the  lar\Tix  with  the  rw 
quired  power.  The  power  of  the  voice  k  dm 
simply  to  the  force  of  the  expiratory  act,  wh 
is  regulated  chiefly  by  the  anUigonLstic  relation 
of  the  diaphragm  and  the  abdominal  mv 
From  the  fact  that  the  diaphragm,  as  an  in 
tory  muscle,  is  exactly  opposed  to  the  mua 
which  have  a  tendency  to  push  the  abdon 
organs,  with  the  diaphragm  over  them,  into  1 
thoracic  cavity  and  thus  to  diminiBh  the  pel 
nary  capacity,  the  expiratory  and  ii  : yi 

may  be  balanced  so  nicely  that  th<  .  Ii 

vtx'al  vibrations  can  be  produced.  The  glot 
thus  closed  as  a  preparation  to  a  vocal  acu  pn 
sents  a  certain  resistance  to  the  egress  of  air.  This  is  overcome  by  the  acti< 
of  the  expimtory  muscles,  and  with  the  passage  of  air  through  the  chink*  t 
edges  of  the  opening,  which  are  formed  by  the  true  vocal  chords,  are  throi 
into  vibration.  Many  of  the  different  qualities  that  are  recognized  in 
human  voice  are  d tie  to  differences  in  the  length,  breadth  and  thicknesof 
the  vibrating  bands;  but  aside  from  wliat  is  technically  known  aa  quality* 
the  pitch  is  dependent  upon  the  length  of  the  opening  through  which  the  tit 
is  made  to  pass  and  the  degree  of  tension  of  the  chords.  The  mechanism  of 
these  changes  in  the  pitch  of  vocal  sounds  is  illustrated  by  tiarcia  in  the  fol-_ 
lowing^  which  relates  to  what  is  known  as  the  chest-voice : 

"  If  we  emit  veiled  and  feeble  sounds,  the  larynx  opens  at  the  noti 
j    _    ^-^  and  we  see  the  glottis  agitated  by  large  and  loose  vibn 
tions  throughout  its  entire  extent    Its  lips  oomprehenda 


3r^ 

Tio,   MB.  —  Trr  with  ffce 

tArynQotcni„'  tttn'i,nj  the  rmi*' 
Mion  of  kigh'pitched  mund*  (ha 
Baa). 

1, 1,  tMUie  oC  the  tonirue  ;  3.  4,  e|i|. 
glottis ;  S,  fit  pliA^Tix  :  T,  an-te- 
noid  caitila«  ;  ^  opeDinf?  be- 
tw«eo  the  true  vocal  chorOii ; 

9,  arjteno-epii^lottkteaii  foldR; 

10,  cartlla^  of  a&ntoriai ;  11, 
ctineiform  cartllag<e  :  V2,  sutie- 
lior  vocal  chords ;  13,  inferior 
Tooal  chords. 


m 


in  their  length  the  anterior  apophyses  of  the  arytenoid  cartilages  and 
vocal  chords;  but,  I  repeat  it,  there  remains  no  triangular  space. 

**  Aa  the  sounds  ascend,  the  apophyses,  which  are  glightly  rounded  on 
their  internal  side,  by  a  gradual  apposition  commencing  at  the  baek^en' 
on  the  length  of  the  glottis ;  and  as  soon  as  we  reach  the  sounds  r-^ 
they  finish  by  touching  each  other  throughout  their  whole    ^^ 
extent ;  but  their  summits  are  only  solidly  fixed  one  against     o 
the  other  at  the  notes  ■    Q  ■     In  some  organs  these  summits  are  * 

little  vacillating  when  l"/fy      y    ]       they  form  the  posterior  end  of  the  glot- 
tis, and  two  or  three    tJ    §•*-  half-tones  which  are  formed  show  a* 
tain  want  of  purity  and  strength,  which  is  very  well  known  to  singers* 
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"8^ 


the  Yibrations,  having  become  rounder  and  purer,  are  accom- 
plished by  the  vocal  ligaments  alone,  np  to  the  end  of  the 
register* 


"  The  glottis  at  this  moment  presents  the  aspect  of  a  line  swelled  toward 
its  middle,  the  length  of  which  diminishes  still  more  as  the  voice  ascends. 
We  shall  also  see  that  the  cavity  of  the  larynx  has  become  very  small,  and 
that  the  superior  ligaments  have  contracted  the  extent  of  the  ellip^  to  leas 
than  one-hall/* 

These  observations  have  been  in  the  main  confirmed  by  Battaille,  Emma 
Seller  and  otliers  who  have  applied  the  laryngoscope  to  tbe  study  of  the 
voice  in  singing. 

In  childhood  the  general  characters  of  the  voice  are  essentially  the  same 
in  both  scxe-s.  The  larynx  is  smaller  than  in  the  adult,  and  the  vocal  mus- 
cles are  more  feeble ;  but  the  fptality  of  the  vocal  sounds  at  this  period  of 
life  is  peculiarly  penetrating.  White  there  are  certain  characters  that  dis- 
tinguii^h  the  voices  of  boys  before  the  age  of  puberty,  they  present,  as  in 
^the  female,  the  different  qualities  of  the  soprano  and  contralto.  After  the 
of  puberty,  the  female  voice  does  not  commonly  undergo  any  very 
marlced  change,  except  in  tlie  development  of  additional  strength  and  in- 
crease<i  compass,  the  c|uality  remaining  the  same ;  but  in  the  male  there  is  a 
rapid  change  at  tfiis  time  in  the  development  of  the  larynx,  and  the  voice 
assumes  an  entirely  different  quality,  Tliis  change  does  not  usually  take 
place  if  castration  he  performed  in  early  life ;  and  this  operation  was  fre- 
quently resorted  to  in  the  seventeenth  century,  for  the  purpose  of  preserving 
the  qualities  of  the  male  soprano  and  contralto,  particularly  for  church- 
music.  It  is  only  of  late  years,  indeed,  tliat  this  practice  has  fallen  into 
disuse  in  It^ly. 

The  ordinary  range  of  all  varieties  of  the  human  voice  is  equal  to  nearly 
four  octaves ;  but  it  is  rare  that  any  single  voice  has  a  compiiss  of  more  than 
two  and  a  half  octaves.  There  are  examples,  however,  in  which  singers  have 
acquired  a  compass  of  three  octaves.  In  music  the  notes  are  written  the 
same  for  the  male  as  for  the  female  voice,  hut  the  actual  value  of  the  female 
notes,  as  reckoned  by  the  number  of  vibrations  in  a  second,  is  always  an 
octave  higher  than  the  male. 

In  both  sexes  there  are  differences,  Ijoth  in  the  range  and  the  quality  of 
the  voice,  which  it  is  impossible  for  a  cultivated  musical  ear  to  mistake.  Tbe 
dilferent  voices  in  the  male  are  the  Ijass,  the  tenor,  and  an  intermediate  voice 
called  the  barytone.  The  female  voices  are  the  eontralto,  the  soprano,  and 
the  intermediate,  or  mezzo-soprano.  In  the  bass  and  bar^^one,  the  lower  and 
middle  notes  are  the  most  natural  and  perfect ;  and  while  the  higher  notes 
may  be  acquired  by  cultivation,  they  do  not  possess  the  same  quality  as  the 
corresponding  notes  of  the  tenor.  The  same  remarks  apply  to  the  contralto 
and  soprano. 

The  following  scale  (Landois)  gives  the  ordinary  ranges  of  the  different 
kinds  of  voice;  but  it  must  be  remembered  that  there  are  individual  in- 
stances in  which  these  limits  are  exceeded : 


491 


MOVEMENTS^VOICE  AND  SPEECH, 


206 


Soprana 


171 


Contrnlto. 


684 


EFGAB       cdefgab      c' d' e' Tg^  af  W      'f^ 


^ 


^ 


r 


60 


c"  d"  e  -  r  ^  a"  b"  v^ 


128 


Temor. 


512 


Tlte  acf70ixip«nj1o)7  fl(nu'«»  mdicste  tbe  number  of  vfbratJoiiB  per  fleocmd  in  tbe  corrnpoodioip  tOML  t 
in  evident  that  from  c'  to  /  is  comtxKm  to  aU  rokses :  Dttfrertbeless^  tiiej  hM^^  u  UffDnuA  Iteiki^ 
Tbe  lowest  note  or  tone,  wmdi,  however.  Is  only  occsas&huiIIj  mxDg:  by  baas  singc>i«,  »  tbe  cnain*f, 
with  42  vlbradoas ;  the  highest  note  of  the  aopnuio  Toloe  ia  a'",  wita  1,708  fibintioiia  t Landuii  uil 
iSth-Un^). 

There  is  really  no  great  difference  in  ttie  mechanism  of  the  different 
of  voice,  and  the  differences  in  pitch  are  due  chiefly  to  the  greater  len. 
the  Tocal  chords  in  the  low-pitched  voices  and  to  their  shortness  in  tlie 
voices.     The  differences  in  quality  are  due  to  peculiarities  in  the  con 
tion  of  tlie  larynx,  to  differences  in  its  size  and  to  variations  in  the  hi 
form  of  the  auxiliary  resonant  cavities.     Great  changes  in  the  quality  of  m 
voice  may  be  effected  by  pmctice.     A  cultivated  note,  for  example,  I  -    ' 
entirely  different  sound  from  a  harsh,  irregular  nbration;  and  by  fr 
a  tenor  may  imitate  tlie  quality  of  the  bass,  and  vice  versd^  al^ 

effort  is  unnatural.     It  is  not  at  all  unusual  to  hear  male  singers  u -     . 

closely  the  notes  of  the  female,  and  the  contralto  will  sometimes  imitate  tiie 
voice  of  the  tenor  in  a  surprisingly  natural  manner. 

Action  of  the  Intrinsic  Muschs  of  the  Larynx  in  Phofmtion^ — In  tlie 
production  of  low  chest-notes,  in  which  the  vocal  chords  are  elongated  and 
are  at  the  minimum  of  tension  that  will  allow  of  regular  vibrations^  iJhe  cnc^ 
thyroid  muscles  are  undoubtedly  brought  into  action,  and  these  are  aadsled 
by  the  arytenoid  and  the  lateral  erico-ar\tenoids,  which  combine  to  fix 
posterior  attachments  of  the  vibrating  ligaments.  It  will  be  rememli 
tluit  tlie  crico-thyroids,  by  approximating  the  cricoid  and  thyroid 
in  front,  increase  the  distance  between  the  arytenoid  cartilages  and  thenii- 
terior  attachment  of  the  vocal  chords. 

As  the  notes  produced  by  the  lar)Tix  become  higher  in  pitch,  the 
t>erior  attachments  of  the  chords  are  approximated,  and  at  this  tijne  ttwl 
eral  crico-arytenoids  are  probably  brought  into  vigorous  action. 

The  uses  of  the  thyro-arytenoids  are  more  complex ;  and  it  is  probably  m 
great  part  by  the  action  of  the^  muscles  that  the  varied  and  delicate  roodi- 
fications  in  the  rigidity  of  the  vocal  chords  are  produced* 

The  differences  in  singers  as  regards  the  purity  of  their  notee  ar«  due  in 
part  to  the  accuracy  with  which  some  put  the  vocal  chortls  upon  the  stretd 
while  in  tliose  in  whom  the  voice  is  of  inferior  quality,  the  action  of 
muscles  is  more  or  less  Yaeillating  a?id  the  tension  is  frequently  inc 
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The  fact  that  some  singers  can  make  the  voice  heard  above  the  combined 
sounds  from  a  large  chorus  and  orchestra  is  not  due  entirely  to  the  intensity 
of  the  sound,  but  in  a  great  measure  to  the  mathematical  equality  of  the 
sonorous  vibrations  and  the  comparative  absence  of  discordant  waves. 

Action  of  Accessory  Vocal  Orgaiis. — A  correct  use  of  the  accessory  organs 
of  the  voice  is  of  great  importance  in  singing ;  but  the  action  of  these  parts 
is  simple  and  does  not  require  a  very  extended  description.  The  human 
vocal  organs,  indeed,  consist  of  a  vibrating  instrument,  the  larynx,  and  of 
certain  tubes  and  cavities  by  which  the  sound  is  re-enforced  and  modified. 

The  trachea  serves,  not  only  to  conduct  air  to  the  larynx,  but  to  re-enforce 
the  sound  to  a  certain  extent  by  the  vibrations  of  the  column  of  air  in  its 
interior.  When  a  powerful  vocal  effort  is  made,  it  is  easy  to  feel,  with  the 
finger  upon  the  trachea,  that  the  contained  air  is  thrown  into  vibration. 

The  capacity  of  the  cavity  of  the  larynx  is  capable  of  certain  variations. 
In  fact,  both  the  vertical  and  the  bilateral  diameters  are  diminished  in  high 
notes  and  are  increased  in  low  notes.  The  vertical  diameter  may  be  modified 
slightly  by  ascent  and  descent  of  the  true  vocal  chords,  and  the  lateral  di- 
uneter  may  be  reduced  by  the  action  of  the  inferior  constrictors  of  the 
pharynx  upon  the  sides  of  the  thyi'oid  cartilage. 

The  epiglottis,  the  superior  vocal  chords  and  the  ventricles  are  by  no 
means  indispensable  to  the  production  of  vocal  sounds.  In  the  emission  of 
high  notes  the  epiglottis  is  somewhat  depressed,  and  the  superior  chords  are 
brought  nearer  together ;  but  this  affects  the  form  of  the  resonant  cavity  only 
Above  the  glottis.  In  low  notes  the  superior  chords  are  separated.  It  was 
before  the  use  of  the  laryngoscope  in  the  study  of  vocal  phenomena  that  the 
epiglottis  and  the  ventricles  were  thought  to  be  so  important  in  phonation. 
rndoubtedly,  the  epiglottis  has  something  to  do  with  the  character  of  the 
roice ;  but  its  action  is  not  absolutely  necessary  or  even  very  important,  as 
has  been  shown  in  experiments  of  excising  the  part  in  living  animals. 

The  most  important  modifications  of  the  laryngeal  sounds  are  produced 
by  the  resonance  of  air  in  the  pharynx,  mouth  and  nasal  fossse.  This  reso- 
nance is  indispensable  to  the  production  of  the  natural,  human  voice.  Under 
Drdinary  conditions,  in  tlie  production  of  low  notes  the  velum  palati  is  fixed 
by  the  action  of  its  muscular  fibres,  so  that  there  is  a  reverberation  of  the 
bucco-pharyngeal  and  naso-pharyngeal  cavities ;  that  is,  the  velum  is  in  such 
a  position  that  neither  the  opening  into  the  nose  nor  the  opening  into  the 
mouth  is  closed,  and  all  of  the  cavities  resound.  As  the  notes  are  raised  in 
pitch,  the  isthmus  contracts,  the  part  immediately  above  tlie  glottis  is  also 
constricted,  the  resonant  cavity  of  the  pliarynx  and  mouth  is  reduced  in 
size,  until  finally,  in  the  higliest  notes  of  tlie  chest-register,  the  communica- 
tion between  the  pharynx  and  the  nasal  fosste  is  closed,  and  the  sound  is 
re-enforced  entirely  by  the  pharynx  and  mouth.  At  tlie  same  time  the 
tongue — a  very  important  organ  to  singers,  particularly  in  the  production 
of  high  notes — is  drawn  backward.  The  point  being  curved  downward,  its 
base  projects  upward  posteriorly  and  assists  in  diminishing  the  capacity  of 
the  bucco-pharyngeal  cavity.    In  the  changes  which  the  pharynx  thus  under- 
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goes  in  the  production  of  different  notes,  the  UTnla  acts  with  the  relnm  nod 
assists  in  the  dosnre  of  the  different  openings.     In  singing  up  th^ 
is  the  mechanrsra,  as   far  us   the  chests-notes  eit<?nd.     When,   ? 
singer  changes  into  what  is  sometimes  called  the  head-Toice  (faUettn),  the 
vehim  palati  is  drawn  forward  instetul  of  backward,  and  the  resonance  t&k« 
place  chiefly  in  the  naso-phai'\Tigeal  cavity. 

Laryngeal  Mechanism  of  the  Vacal  Begisferg,— One  difficulty  at  the  tot 
beginning  of  a  discussion  of  this  subject  is  in  fixing  upon  clear  detinitions  i>( 
what  are  to  be  recognized  as  different  vocal  registers.  In  the  first  place  it 
must  be  understood  that  the  singing  voice  is  very  different  from  the  8peAkiii| 
voice.  Without  being  actually  so  far  discordant  as  to  offend  a  musical  e-i"  *^  - 
ordinary  voice  in  speaking  never  has  what  may  strictly  be  called  a  u 
quality,  while  the  perfect  singing  voice  produces  true  musical  notes.  Tins  \* 
probably  due  to  the  fact  that  the  inflections  of  the  voice  in  speaking  are  D«t 
in  the  form  of  distinct  musical  intervals,  that  the  vibrations  follow  each 
other  and  are  superimposed  in  an  irregular  manner,  and  thiit  no  special  effort 
is  made  to  put  the  vocal  chords  upon  any  definite  tension,  unless  to  meet  a 
more  powerful  expiratory  effort  when  the  voice  is  increased  in  force*  A 
shout  or  a  scream  is  entirely  different  from  a  powerful,  ^'  Thii 

difference  is  at  once  apparent  in  contrasting  recitative  wiii 
in  operatic  performances. 

The  divisions  of  the  voice  into  registers,  made  by  physioh  - . 
times  based  upon  theories  with  regard  to  the  manner  of  tli  in 

and  if  these  theories  be  not  correct^  the  division  into  registers  must  be  eqi 
faulty.  Again,  there  are  such  marked  differences  between  male  and  fei 
voices,  that  it  docs  not  seem  possible  to  apply  the  same  divisions  to  both  sexet 
There  is  no  diftlculty,  however,  in  recognizing  the  qualities  of  voice,  exiled  bsi«, 
barytone  and  tenor,  in  the  male,  or  contralto,  mezzo  and  soprano,  in  the 
female.  A  division  of  the  voice  into  registers  should  bo  one  easily  recog* 
nizable  by  singers  and  singing  teachers ;  and  this  must  be  different  for  mile 
and  female  voices.  If  a  division  were  made  such  as  would  be  univej 
recognizcii  by  the  ear,  irrespective  of  theories,  it  would  remain  only  to 
certain  as  nearly  as  possible  the  exact  vocal  mechanism  of  eai^h 
ter.  It  must  be  remembered  that  the  voice  of  a  perfect  singer  shows 
recognizable  break,  or  line  of  division  between  the  vocal  registers,  except 
when  a  difference  is  made  apparent  in  order  to  produce  certain  legitimdit« 
musicid  effects.  One  great  end  sought  to  be  attained  in  training  the  foioe 
in  singing  is  to  make  the  voice  as  nearly  as  possible  uniform  through( 
extent  of  its  range ;  and  this  has  been  measurably  accomplished  in 
singers. 

Judging  of  different  registers  entirely  by  the  effect  produced  ui)on  the  esr, 
both  by  cultivated  and  uncultivated  singers,  the  following  seem  to  be  tlw 
natural  divisions  of  the  male  voice: 

1.  The  chest-register*     This  is  the  register  commonly  used  in  speaki: 
Though  usually  called  the  cliest-voice,  it  has,  of  course,  no  connection 
any  special  action  of  the  chest,  except,  perhaps,  with  reverberation  of  air 
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the  trachea  and  the  larger  bronchial  tubes.  This  register  is  sensibly  the  same 
in  the  male  and  in  the  female. 

2.  The  head-register.  In  cultivated  male  voices,  a  quality  is  often  produced, 
probably  by  diminished  power  of  tlie  voice,  with  some  modification  in  the 
form  and  capacity  of  the  resonant  cavities,  which  is  recognized  as  a  "  head- 
voice,**  by  those  who  do  not  regard  .the  head-register  as  equivalent  to  the 
falsetto. 

3.  The  falsetto-register.  By  the  use  of  this  register,  the  male  may  imitate 
the  voice  of  the  female.  Its  quality  is  different  from  that  of  the  chest-voice, 
and  the  transition  from  the  chest  to  falsetto  usually  is  abrupt  and  quite 
marked.  It  may  be  called  an  unnatural  voice  in  the  male ;  still,  by  very 
careful  cultivation,  the  transition  may  be  made  almost  imperceptibly.  The 
falsetto  never  has  the  power  and  resonance  of  the  full  chest-voice.  It 
resembles  the  head-voice,  but  every  good  singer  can  recognize  the  fact  that 
he  employs  a  different  mechanism  in  its  production. 

Applying  an  analogous  method  of  analysis  to  the  female  voice,  the 
natural  registers  seems  to  be  the  following : 

1.  The  chest-register.  This  register  is  the  same  in  the  female  as  in  the 
male. 

2.  The  lower  medium  register,  generally  called  the  medium.  This  is  the 
register  commonly  used  by  the  female  in  speaking. 

3.  The  upper  medium  register.  This  is  sometimes  called  the  head-regis- 
ter and  is  thought  by  some  to  be  produced  by  precisely  the  same  mechanism 
as  the  falsetto-register  in  the  male.  It  has,  however,  a  vibrant  quality,  is  full 
and  powerful,  and  is  not  an  unnatural  voice  like  the  male  falsetto. 

4.  The  true  head-register.  This  is  the  pure  tone,  without  vibrant  qual- 
ity, which  seems  analogous  to  the  male  falsetto. 

Vocal  Registers  in  the  Male. — iVccording  to  the  division  and  definitions 
just  given  of  the  vocal  registers,  in  the  male  voice  there  is  but  one  register, 
extending  from  the  lowest  note  of  the  bass  to  the 
falsetto,  and  this  is  the  chest-register.  In  the  low 
notes,  the  vocal  chords  vibrate,  and  the  arytenoid 
cartilages  participate  in  this  vibration  to  a  greater 
or  less  extent.  In  the  low  notes,  also,  the  larynx 
is  open ;  that  is,  the  arytenoid  cartilages  do  not 
touch  each  other.  As  the  notes  are  raised  in  pitch, 
the  arytenoid  cartilages  are  approximated  more 
and  more  closely,  and  they  touch  each  other  in  the  ^°eJ5Vo^KX'"p?{iJf^^u 
highest  notes,  the  vocal  chords  vibrating  alone.  o^/j^AMj-t-oice.  after  Mandi 
It  is  probable  that  the  degree  of  approximation 

of  the  arytenoid  cartilages  is  different  in  different  singers,  and  that  the  part 
of  the  musical  scale  at  which  they  actually  touch  is  not  invariable.  This 
appears  to  be  the  case  in  the  observations  ma<le  by  Mills. 

What  has  been  called,  in  this  classification,  the  head-register  of  the  male, 
is  not  a  full,  round  voice,  but  the  notes  are  more  or  less  sot  to  voce.  This 
peculiar  quality  of  voice  does  not  seem  to  have  been  made  the  subject  of 
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laryngoscopic  investigation.     It  has  a  vibrant  character,  which  is  undoabti 
modi  lied  by  peculiar  action  of  tbe  resonant  cavities,  which  latter  has  not  1 
described.     It  is  not  probable  that  its  mechanism  differs  essentiallj,  u  \ 
gards  the  action  of  the  glottis,  from  that  of  the  full  chest-register,  shoini  i 

Fig.  iro. 

The  falsetto-register  in  tlie  male  undoubtedly  involves  such  a  division  ( 
the  length  of  the  vocal  chords  that  only  a  portion  is  throvrn  into  vibratia 
Tliere  is  always  an  approximation  of  the  chords  in  their  jiosterior  p«irtia 
and  sometimes  also  in  their  anterior  p:»rtion.     Tliis  is  illustrated  in  Fijg.  ii 

I  U  III 


i^ 


y 


Fio.  171.— Appearanctt  of  the  vocal  chorda  in  the  pfiiduc«0n  a/  the  fatsettt^-tfotee  <MJlblL 
L  The  larjT»3c  during'  falstj-tto  production  :  after  Mandl, 

n.  The  larv'iiJC  durini?  the  emiflHioii  uf  fulsr^tto  toDcH  ;  niiddte  nmge  ;  after  Itoliueak 
III  The  taryux  of  the  female  duriu^  the  producUon  of  ht^iUtociea,  06  seeu  by  Uie  niiUior  (lUSIill 

The  meclnmisrn  by  which  the  vocal  chonls  are  approximatetl  in  por 
of  their  length  has  not  been  satisfactorily  explained ;  but  laryngoscopic  i 
am  illations  leave  no  doubt  of  the  fact  of  such  action.     Tlie  extent  of 
shortening  of  the  cliords  must  vary  in  different  persons  and  in  the  same  ] 
son,  probably,  in  the  production  of  falsetto-notes  of  different  pitch.     Ac 
ing  to  Mrs.  Seller^  the  shortening  is  due  to  the  action  of  a  muscular  bund 
called  the  internal  thyro-arytenuid,  upon  little  cartilages  extending  forwa 
from  tlie  arytetioid  cartilage,  in  the  substance  of  the  vocal  chords,  m  fari 
the  middle  of  the  glottis ;  but  dissections  miule  by  Mills  failed  to  confirm 
this  view. 

Some  singers,  especially  tenors,  have  been  able  by  long  practice  to  j 
from  the  chest  to  the  falsetto  so  skillfully  that  the  transition  is  scarcely  i 
parent,  but  the  falsetto  is  devoid  of  what  is  called  vibrant  quality. 

Voad  liCf/isterst  in  (he  Female. — There  is  absolutely  no  difference  betvro 
the  vocal  mechanism  of  the  che^t- voice  in  the  sexes*     In  the  best  metliods^ 
teaching  singing,  one  important  object  i;^  to  smooth  the  transition  from  I 
chest- vuice  to  the  lower  medium.     The  full  chest-notes,  especially  iu 
ti'altos,  closely  resemble  the  corresponding  notes  of  the  tenor. 

According  to  the  laryngoscopic  observations  of  Mills,  the  mecluuiJ 
the  lower  medium  and  upper  medium  in  females  does  not  radictilly  dil 
from  the  mechanism  of  the  chest-voice.     Iu  these  registers,  the  arj'tend 
cartilages  become  more  and  more  closely  approximated  to  each  other  as 
voice  ascends  iu  the  scale  until,  in  the  higher  notes,  they  probably  are  firn 
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in  apposition.  It  is  probable  that  the  vocal  chords  alone  vibrate  in  the  lower 
and  upper  medium,  while  the  apophyses  of  the  arytenoid  cartilages  partici- 
pate in  the  vibrations  in  the  female  chest-voice. 

The  vocal  chords  are  much  shorter  in  the  female  than  in  the  male.  Ac- 
cording to  Sappey,  the  average  length  in  the  male  is  about  J  of  an  inch  (22 
mm.)  and  in  the  female,  about  |  of  an  inch  (17  mm.).  If  the  chords  alone 
vibrate,  without  the  apophyses  of  the  arytenoid  cartilages,  the  difference  in 
length  would  account  for  the  differences  in  pitch  of  the  voice  in  the  sexes. 
The  tenor  can  not  sing  above  the  chest-range  of  the  female  voice  without 
passing  into  the  falsetto,  to  produce  which  he  must  actually  shorten  his  vocal 
chords  so  that  they  are  as  short  or  shorter  than  the  vocal  chords  of  the  female. 
This  is  shown  by  the  scale  of  range  of  the  different  voices  compared  with 
the  length  of  the  vocal  chords ;  and  this  idea  is  sustained  still  farther  by  a 
comjiarison  of  "the  larynx  during  falsetto  production"  (Fig.  171,1).  In 
the  male  falsetto,  produced  by  this  shortening  of  the  vocal  chords,  the  more 
nearly  the  resonant  cavities  are  made  to  resemble,  in  form  and  capacity,  the 
corresponding  cavities  in  the  female,  the  more  closely  will  the  quality  of  the 
female  voice  be  imitated.  It  is  probable  that  the  vocal  bands  in  the  female 
present  a  thinner  and  narrower  nbrating  edge  than  the  chords  in  the  male, 
although  there  are  no  exact  anatomical  observations  on  this  point.  This 
would  account  for  the  clear  quality  of  the  upper  registers  of  the  female 
voice  as  compared  with  the  male  voice  or  with  the  female  chest-register. 
Analogous  differences  exist  in  reed-instruments,  such  as  the  clarinet  and  the 
bassoon.  This  comparison  of  the  female  upper  registers  with  the  male 
falsetto  does  not  necessarily  imply  a  similarity  in  the  mechanism  of  their 
production,  as  is  assumed  by  some  writers.  The  vocal  chords,  in  the  female 
lower  and  upper  medium,  vibrate  in  their  entire  length ;  in  the  male  falsetto, 
the  chords  are  artificially  shortened  so  that  they  are  approximated  in  length 
to  the  length  of  the  chords  in  the  female. 

To  reduce  to  brief  statements  the  views  just  expressed,  based  partly  upon 
laryngoscopic  examinations — that  are  far  from  complete — by  a  number  of 
competent  observers,  the  following  may  be  given  as  the  mechanism  of  the 
vocal  registers  in  the  female,  taking  no  account  of  the  changes  in  form  and 
capacity  of  the  resonant  cavities  : 

1.  The  chest-voice  is  produced  by  "  large  and  loose  vibrations  "  (Garcia) 
of  the  entire  length  of  the  vocal  chords,  in  which  the  apophyses  of  the  aryt- 
enoid cartilages  participate  to  a  greater  or  less  extent,  these  cartilages  not 
being  in  close  apposition. 

2.  In  passing  to  the  lower  medium,  the  arytenoid  cartilages  probably  are 
not  closely  approximated,  but  they  do  not  vibrate,  the  vocal  chords  alone 
acting. 

3.  In  passing  to  the  upper  medium,  the  arytenoid  cartilages  probably  are 
closely  approximated,  and  the  vocal  chords  alone  vibrate,  but  they  vibnite  in 
their  entire  length. 

4.  The  head-register,  which  may  be  called  the  female  falsetto,  bears  the 
same  relation  to  the  lower  registers  in  both  sexes.     The  notes  are  clear  hut 
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deficient  in  vibrant  quality*  They  are  higher  in  the  female  tbim  in  % 
male  because  the  vocal  chords  are  shorter.  Laryngoscojdc  obserfntiDns  dem- 
onstrating thiiJ  fact  in  the  f ernab  are  as  accurate  aud  detiiiite  a^  in  the  mak 
(See  Fig.  in.) 

The  reasons  why  the  range  uf  the  diiTerent  vocal  registers  is  limited 
the  following :  Within  the  limits  of  each  register,  the  teusiou  of  the  ^(b 
chords  has  an  exact  relation  to  the  pitch  of  the  sound  produced.   This  teaiiun 
is  of  course  restricted  by  the  limits  of  power  of  the  muscles  actiDg  upon  \y 
vocal  chords,  for  high  notes,  and  by  the  limit  of  possible  regular  vibratifiauJ 
choi'ds  of  a  certain  lengthy  for  low  notes.     The  higher  the  tensjou  aud  tlic 
greater  the  rigidity  of  the  chords,  the  greater  is  the  force  of  air  requiitjd  \ 
throw  them  into  vibration ;  and  this,  also,  has,  of  course,  certain  limitsi 
is  never  desirable  to  push  any  of  the  lower  registers  in  female  voices  to  thd 
highest  limits.     All  competent  eingiug  teachers  recognize  this  fact 
female  chest-register  may  be  made  to  meet  the  upper  medium,  partico 
in  contniltos ;  but  the  singer  then  has  practically  two  voices  a  conditia 
which  is  musicmlly  intolerable.     In  blending  the  different  registers  $o  u 
make  a  perfectly  uniform,  single  voice,  tlie  ar\lenoid  vibrations  should  W 
re  ode  red  progressively  and  evenly  less  and  less  prominent,  until  they  imper- 
ceptibly cease  when  the  lower  medium  is  fully  reached;  the  arytenoid  c-ir* 
tilagcs  should  then  be  progressively  and  evenly  approximated  to  each  otbrr, 
until  they  ara  firmly  in  contact  and  the  upper  medium  is  fully  reached. 
The  female  vocal  apparatus  is  then  perfect.     While  single  notes  of  tlic 
chest,  lower  medium  and  upper  medium,  contrasted  with  each  other,  havt 
ditferent  qualities,  the  voice  is  even  throughout  it's  entire  range,  and  the 
proper  shading  called  for  in  musical  compositions  can  be  made  in  any  pan  of 
the  scale.   The  blending  of  the  male  chest- register  into  the  falsetto  and  of  the 
upjier  metlium  into  the  female  falsetto,  or  tioie  head-voice,  is  more  dUficnlt, 
but  it  is  not  impossible.     Theoretically,  tliis  must  be  done  by  shortening  the 
vocal  chords  gradually  and  progressively  and  not  abruptly,  unless  Uie  Utter 
bo  Required  to  prwluce  a  legitimate  effect  of  contrast. 

Even  in  singing  identical  notes,  there  are  distinctly  recognizable  differ- 
ences in  quality  between  the  bass,  barjlone  aud  tenor,  and  between  the  ron* 
tralto,  mezzo  aud  soprano.  For  the  female,  these  may  be  compared  to  tin* 
differences  in  identical  notes  played  on  different  strings  of  the  violin.  Fur 
the  male,  they  may  be  compai-ed  to  tlie  qualities  of  the  different  strings  i 
the  violoncello.  Falsetto-notes  may  be  coni|jared  to  harmonica  produced  ( 
these  instru mentis. 

These  ideiis  with  regard  to  the  mechanism  of  the  different  vocal  regisbi 
have  resulted  from  a  study  of  these  registers,  first  from  an  sesthetic 
view ;  endeavoring  then  to  find  explanations  of  different  qmilities  of  sou 
appreciatcMl  by  the  ear,  in  kryngoscopic  and  other  scientific  obsen'ations,  J 
not  by  reasoning  from  scientific  observations,  as  to  what  effects  upon  the  ( 
should  be  produced  by  certain  acts  |>erformed  by  tlie  vocal  organs.     It 
be  stated,  in  this  couoection,  that  the  works  of  Bach,  Beethoven  and  oth 
old  masters  were  composed,  exactly  in  accordance  with  purely  physical  lai 
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long  before  these  laws  were  ascertained  and  defined,  as  has  lately  been  done, 
imrticularly  by  Helmholtz. 

Mechanism  of  Speech. 

Articulate  language  consists  in  a  conventional  series  of  sounds  made  for 
the  purpose  of  conveying  certain  ideas.  There  being  no  universal  language,  it 
wrill  be  necessary  to  confine  the  description  of  speech  to  the  language  in  which 
this  work  is  written.  Language,  as  it  is  naturally  acquired,  is  purely  imitative 
and  does  not  involve  of  necessity  the  construction  of  an  alphabet,  with  its 
combinations  into  syllables,  words  and  sentences ;  but  as  civilization  has  ad- 
vanced, certain  differences  in  the  accuracy  and  elegance  with  which  ideas  are 
expressed  have  become  associated  with  the  degree  of  development  and  culti- 
vation of  the  intellectual  faculties.  Philologists  have  long  since  established 
a  certain  standard — varying,  to  some  extent,  it  is  tnie,  with  usage  and  the  ad- 
vance of  knowledge,  but  still  sufficiently  definite — by  which  the  correctness 
of  modes  of  expression  is  measured.  It  is  not  proposed  to  discuss  the  science 
of  language,  or  to  consider,  in  this  connection  at  least,  the  peculiar  mental 
operations  concerned  in  the  expression  of  ideas,  but  to  take  the  language  as 
it  exists,  and  to  describe  briefly  the  mechanism  of  the  production  of  the 
most  important  articulate  sounds. 

Almost  every  language  is  imperfect,  as  far  as  an  exact  correspondence  be- 
tween its  sounds  and  written  characters  is  concerned.  The  English  language 
is  full  of  incongruities  in  spelling,  such  as  silent  letters  and  arbitrary  and 
unmeaning  variations  in  pronunciation ;  but  these  do  npt  belong  to  the  sub- 
ject of  physiology.  There  are,  however,  certain  natural  divisions  of  the  sounds 
as  expressed  by  the  letters  of  the  alphabet. 

Vowels, — Certain  articulate  sounds  are  called  vowel,  or  vocal,  from  the 
fact  that  they  are  produced  by  the  vocal  chords  and  are  but  slightly  modified 
as  they  pass  out  of  the  mouth.  The  true  vowels,  rr,  e,  ?,  o,  ?/,  can  all  be  sounded 
alone  and  may  be  prolonged  in  expiration.  These  are  the  sounds  chiefly  em- 
ployed in  singing.  The  differences  in  their  diameters  are  produced  by  changes 
in  the  position  of  the  tongue,  mouth  and  lips.  The  vowel-sounds  are  neces- 
sary to  the  formation  of  a  syllable,  and  although  they  gonenilly  are  modified 
in  8jxM>ch  by  consonants,  each  one  may  of  itself  form  a  syllable  or  a  word. 
In  the  construction. of  syllables  and  words,  the  vowels  have  many  different 
qualities,  the  chief  differences  being  iis  they  are  made  long  or  short.  In  addi- 
tion to  the  modifications  in  the  vowel-sounds  by  consonants,  two  or  three 
may  be  combined  so  as  to  be  pronounc^ed  by  a  single  vocal  effort,  when  they 
are  called  respectively,  diphthongs  and  triphthongs.  In  the  proper  diph- 
thongs, as  0^  in  voice,  the  two  vowels  are  sounded.  In  the  improper  diph- 
thongs, as  ea,  in  heat,  and  in  the  Latin  diphthongs,  as  (P^  in  C-a»sar,  one  of 
the  vowels  is  silent.  In  triphthongs,  as  eau.,  in  beauty,  only  one  vowel  is 
sounded.  1\  at  the  beginning  of  words,  is  usually  pronounced  as  a  conso- 
nant ;  but  in  other  positions  it  is  pronounced  as  e  or  /. 

An  important  question  relates  to  the  differenc^es  in  the  quality  of  the  dif- 
ferent vowel-sounds  when  pronounced  with  equal  pitch  and  intensity.     The 
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caii^  of  these  differonces  was  studied  very  closely  in  the  latter  part 
hist  century,  but  it  has  hitely  been  rendered  clear  by  the  researches  of 
holtz  and  of  Koenig.  In  this  connection  it  will  be  sufficient  to  indicate  t 
results  of  the  modern  investigations  very  briefly.  It  will  be  seen  in  studrin 
the  physics  of  sound  in  connection  with  the  sense  of  hearing,  that  neurlji 
sounds,  even  when  produced  by  a  single,  vibmting  Uyd\\  are  eompoun<L  Unh 
holtz^  by  means  of  his  resonators,  has  succeeded  in  analyzing  the  spparmd 
simple  sounds  into  different  component  parts,  and  he  has  shown  that  the  qu 
ity  of  such  sounds  may  be  modified  by  re-enforcing  certain  of  the  overtoii«,i 
they  ai'e  called,  such  as  the  third,  fifth  or  octave^  For  those  who  are  J 
iar  with  the  physics  of  sound,  the  explanation  of  the  mechanism  of  the 
duction  of  vowel-sounds  will  be  readily  comprehensible.  The  reailer  is 
ferred,  however,  to  the  remarks  upon  overtones  in  another  part  of  tbiswori 
under  the  he^id  of  audition,  for  a  more  thorough  exposition  of  this  sobje 
The  different  vowel-sounds  may  lie  emittefl  with  the  same  pitch  and  intenjsrtr, 
but  the  sound  in  each  is  different  on  account  of  variations  in  the  rt^otumt 
cavities  of  the  accessory  vocal  organs,  especially  the  mouth,  It  has  been  ascer- 
tained experimentally  that  the  overtones  in  each  instance  are  different^as  thn 
are  re-enforced  by  the  \ibrations  of  air  in  the  accessory  vocal  organs^  in  sfniio 
instances  the  thinl,  in  otliers,  the  fifth  etc.,  being  increajsed  in  intensit 
This  can  hardly  be  better  illustrated  than  by  the  following  quotation  fn 
Tyndall,  in  which  modem  researches  have  been  applied  to  the  vowel-^ao 
of  the  English  language : 

"  For  the  production  of  the  sound  U  (oo  in  hoop),  I  most  push  mj  1 
forward  so  as  to  make  the  cavity  of  the  mouth  aa  deep  as  possible.,  at  the  ! 
time  making  the  orifice  of  the  mouth  smalL  This  arrangement  corrcipon 
to  the  deei>cst  resonance  of  which  the  mouth  is  capable.  The  fundament] 
tone  of  the  voc4il  chords  is  here  re-en forcetl,  while  the  higher  tonca  arc  throi 
into  the  shade.  The  ^.^is  rendered  a  little  more  perfect  when  a  feeble  tl 
tone  is  added  to  the  fundamentuL 

"  The  vowel  0  is  pronounced  when  tlie  mouth  is  so  far  opened  that  thei 
damental  tone  is  accompanied  by  its  strong  higher  octave.  A  very  f© 
accompaniment  of  t!ie  third  and  fourth  is  advantiigeoug,  but  not  neeessaryJ 

*'  The  vowel  -1  derives  it5  character  irom  the  tliii*d  tone,  to  stren^ 
which  by  resonance  the  orifice  of  the  mouth  must  be  wider,  and   the  volu 
of  air  within  it  smaller  than  in  the  last  instance.     The  second  tone  oaghll 
be  added  in  moderate  strength,  whikt  weak  fourth  and  fifth   tonei*  majj 
be  included  with  atl vantage. 

"  To  produce  F  the  fundamental  tone  must  be  weak,  the  second  tonec*« 
paratively  strong,  the  third  very  feeble,  but  the  fourth,  which  is  chanR*ti*ii 
tic  of  this  vowel,  must  be  intense.     A  moderate  fifth  tone  may  be  mlM 
No  essential  change,  however,  occurs  in  the  character  of  the  Sfjund  when  i 
third  and  fifth  tones  are  omitted.     In  order  to  exalt  the  higher  tones  wl 
characterise  the  vowel-sound  B^  the  resonant  cavity  of  the  mouth  must 
small. 

*'  In  the  production  of  the  sound  ah  !  the  higher  o>^rtones  come  prio 
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pally  into  play ;  the  second  tone  may  be  entirely  neglected  ;  the  third  ren- 
dered very  feebly ;  the  higher  tones,  particularly  the  fifth  and  seventh,  being 
added  strongly. 

"  These  examples  sufficiently  illustrate  the  subject  of  vowel-sounds.  We 
may  blend  in  various  ways  the  elementary  tints  of  the  solar  spectrum,  produc- 
ing innumerable  composite  colors  by  their  admixture.  Out  of  violet  and  red 
we  produce  purple,  and  out  of  yellow  and  blue  we  produce  white.  Thus  also 
may  elementary  sounds  be  blended  so  as  to  produce  all  possible  varieties 
of  clang-tint.  After  having  resolved  the  human  voice  into  its  constituent 
tones,  Helmholtz  was  able  to  imitate  these  tones  by  tuning-forks,  and,  by  com- 
bining them  appropriately  together,  to  produce  the  clang-tints  of  all  the 
vowels. " 

Consonants. — Some  of  the  consonants  have  no  sound  in  themselves  and 
serve  merely  to  modify  vowel-sounds.  These  are  called  mutes.  They  are  by 
rf,  ky  py  /,  and  c  and  g  hard.  Their  office  in  the  formation  of  syllables  is  suf- 
ficiently apparent. 

The  consonants  known  as  semivowels  are  /,  /,  tw,  n,  r,  «,  and  c  and  g  soft. 
These  have  an  imperfect  sound  of  themselves,  approaching  in  character  the 
true  vowel-sounds.  Some  of  these,  /,  wi,  n  and  r,  from  the  facility  with 
which  they  flow  into  other  sounds,  are  called  liquids.  Orthoepists  have  far- 
ther divide  the  consonants  with  reference  to  the  mechanism  of  their  pronun- 
ciation :  f/,y,«,  tyZy  and  g  soft,  being  pronounced  with  the  tongue  against  the 
teeth,  are  called  dentals ;  d^  g,  y,  A,  /,  m,  and  q  are  called  palatals ;  6,  p^  /,  v 
and  m  are  called  labials ;  m,  n  and  ng  are  called  nasals ;  and  k^  q^  and  c  and 
g  hard  are  called  gutturals.  After  the  description  already  given  of  the  voice, 
it  is  not  necessary  to  discuss  fartlier  the  mechanism  of  these  simple  acts  of 
articulation. 

For  the  easy  and  proper  production  of  articulate  sounds,  absolute  integrity 
of  the  mouth,  teeth,  lips,  tongue  and  palate  is  required.  All  are  acquainted 
with  tlie  modifications  in  articulation  in  pei^sons  in  whom  the  nasal  cavi- 
ties resound  unnaturally  from  imperfection  of  the  palate ;  and  the  slight 
peculiarities  observed  after  loss  of  the  teeth  and  in  harelip  are  sufficiently 
familiar.  The  tongue  is  generally  regarded,  also,  as  an  important  organ  of 
speech,  and  this  is  the  fact  in  the  great  majority  of  cases ;  but  instances  are 
on  record  in  which  distinct  articulation  has  been  praserved  after  complete 
destruction  of  this  organ.  These  cases,  however,  are  unusual,  and  they  do 
not  invalidate  the  great  importance  of  the  tongue  in  ordinary  speech. 

It  is  thus  seen  that  speech  consists  essentially  in  a  modification  of  the 
vocal  sounds  by  the  accessory  organs,  or  by  parts  situated  above  the  larynx  ; 
the  latter  being  the  true  vocal  instrument.  While  the  peculiarities  of  pro- 
nunciation in  different  persons  and  the  difficulty  of  acquiring  foreign  lan- 
guages after  the  habits  of  speech  have  been  formed  show  that  the  organs  of 
articulation  must  perform  their  office  with  great  accuracy,  their  movements 
are  simple,  and  they  vary  with  the  peculiarities  of  dilTerent  languages. 

Whispering, — Articulate  sounds  maybe  produced  by  tlie  action  of  the  res- 
onant cavities,  the  lips,  teeth  and  tongue,  in  which  the  larynx  takes  no  part 
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This  action  occim  in  whispering  and  it  can  not  properiy  be  called  ToeaL  It 
is  difficult  to  makeany  considerable  variationa  in  the  pitch  of  a  whiqper, aal 
articolation  in  this  way  may  be  prodnoed  in  inspiration  as  wdl  as  in  expin- 
tion,  although  the  act  in  expiration  is  more  natnnl  and  easy.  The  chanicter 
of  a  whisper  may  be  readily  distinguished  from  that  of  the  fiuntest  audihk 
sound  involving  vibration  of  the  vocal  chords.  In  aphonia  from  aimpfe  ps- 
ralysis  of  the  vocal  muscles  of  the  larynx,  patients  can  articolste  distinctly  is 
whispering;  but  in  cases  of  chronic  bulbar  paralysis  (glosso-IabioJaiyiiged 
paralysis),  speech  is  entirely  lost 

The  Phonograph. — ^In  1877,  a  remarkable  invention  was  made  in  tbii 
country,  by  Mr.  Thomas  A.  Edison,  which  possesses  considerable  phjrioiogi- 
cal  importance.  Mr.  Edison  constructed  a  very  simple  instrument,  called  the 
phonograph,  which  will  repeat,  with  a  certain  degree  of  accuracy,  the  pecul- 
iar characters  of  the  human  voice  both  in  speaking  and  singing,  as  wdl  as  die 
pitch  and  quality  of  musical  instruments.  This  demonstrates  oondosnljr 
the  fact  that  the  qualities  of  vocal  sounds  depend  upon  the  form  of  the  sobd* 
rous  vibrations.  The  following  are  the  main  features  in  the-constnictkNicf 
this  instrument :  It  consists  of  a  cylinder  of  iron  provided  with  veiy  itae, 
shallow  grooves  in  the  form  of  an  exceedingly  close  spiraL  Upon  the  ejliB- 
der,  a  sheet  of  tin-foil  is  accurately  fitted.  Bearing  upon  ilM  tin*fiofl,iis 
steel-point  connected  with  a  vibrating  plate  of  mica  or  of  thin  iron,  lliefi- 
brating  plate  is  connected  with  a  mouth-piece  which  receives  the  vibiBtioiii  cf 
the  voice  or  of  a  musical  instrument  The  cylinder  is  tamed  with  a  cnak, 
and  at  the  same  time,  the  plate  is  thrown  into  vibration  by  speaking  into 
the  mouth-piece.  As  the  disk  vibrates  in  consonance  with  the  voice,  tiie  ti- 
brations  are  marked  by  little  indentations  upon  the  tin-foiL  When  this  hH 
been  done,  the  cylinder  is  moved  back  to  the  starting  point  and  is  tamed 
again  at  the  same  rate  as  before.  As  the  steel-point  passes  over  the  indenta- 
tions in  the  tin-foil,  the  plate  is  thrown  into  vibration,  and  the  sound  of  the 
voice  is  actually  repeated,  although  much  diminished  in  intensity  and  dii> 
tinctness.  The  improvements  that  have  lately  been  made  in  the  phonogrqih 
do  not  involve  any  modifications  in  the  principles  of  its  construction. 
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CHAPTER  XVI. 

PHT8I0L0GICAL  DIVISIONS,  STRUCTURE  AND  GENERAL  PROPERTIES  OF 
THE  NERVOUS  SYSTEM, 

DlTieions  and  §tractnrc  of  the  nervons  tiflsne— Medallated  nerve-flbren— Simple,  or  non-mednllated  nenre- 
fibres— GeJatlnons  nenre-flbrefl  (fibres  of  Remak)— Acceaeory  anatomical  elements  of  the  nerves- 
Termination  of  the  nerves  in  the  moscalar  tissue— Termination  of  the  nerves  in  glands— Modes  of 
termination  of  the  sensory  nerves— Corpuscles  of  Vater,  or  of  Pacini— Tactile  corpuscles— End-bulbs 
— Structure  of  the  nerve-centres— Nerve-cells — Connection  of  the  cells  with  the  fibres  and  with  each 
other— Accessory  anatomical  elements  of  the  nerve-centres— Composition  of  the  nervous  substance- 
Degeneration  and  regeneration  of  the  nerves— Motor  and  sensory  nerves— Mode  of  action  of  the  motor 
ner\'es— Associated  movements— Mode  of  action  of  the  sensory  nerves— Physiological  differences  be- 
tween motor  and  sensory  nerve-fibres— Ner>'ous  excitability— Different  means  employed  for  exciting 
the  nerves— Rapidity  of  nervous  conduction— Personal  equation— Action  of  electricity  upon  the  ner>'es 
—Law  of  contraction— Induced  muscular  contraction— Electrotonus,  anelectrotonus  f>nd  catelectrotonus 
—Negative  variation. 

The  nervous  system  is  anatomically  and  physiologically  distinct  from  all 
other  systems  and  organs  in  the  body.  It  receives  impressions  made  upon 
the  terminal  branches  of  its  sensory  portion  and  it  conveys  stimulus  to  parts, 
determining  and  regulating  their  actions;  but  its  physiological  properties 
are  inherent,  and  it  gives  to  no  tissue  or  organ  its  special  excitability  or  the 
power  of  performing  its  particular  office  in  the  economy.  The  nervous  sys- 
tem connects  into  a  co-ordinated  organism  all  parts  of  the  body.  It  is  the 
medium  through  which  all  impressions  are  received.  It  animates  or  regu- 
lates all  movements,  voluntary  and  involuntary.  It  regulates  secretion, 
nutrition,  calorification  and  s^il  the  processes  of  organic  life. 

In  addition  to  its  action  as  a  medium  of  conduction  and  communication, 
the  nervous  system,  in  certain  of  its  parts,  is  capable  of  receiving  impressions 
and  of  generating  a  stimulating  influence,  or  force,  peculiar  to  itself.  As 
there  can  be  no  physiological  connection  or  co-ordination  of  different  parts 
of  the  organism  without  nerves,  there  can  be  no  unconscious  reception  of 
impressions  giving  rise  to  involuntary  movements,  no  appreciation  of  impres- 
sions, general,  as  in  ordinary  sensation,  or  special,  as  in  sight,  smell,  taste 
or  hearing,  no  instinct,  volition,  thought  or  even  knowledge  of  existence, 
without  nerve-centres. 

Divisions  and  Structure  of  the  Nervous  Tissue. 

The  nervous  tissue  presents  two  great  divisions,  each  with  distinct  ana- 
tomical as  well  as  physiological  differences.  One  of  these  divisions  is  com- 
posed of  fibres  or  tubes.  Tliis  kind  of  nervous  matter  is  incapable  of  gener- 
ating a  force  or  stimulus,  and  it  serves  only  as  a  conductor.  The  other 
division  is  composed  of  cells,  and  tliis  kind  of  nervous  matter,  while  it  may 
act  as  a  conductor,  is  capable  of  generating  the  so-called  nerve-force. 

The  nerve-fibres  and  cells  are  also  divided  into  two  great  systems,  as 
follows : 

1.  The  cerebro-spinal  system,  composed  of  the  brain  and  spinal  cord  with 
the  nerves  directly  connected  with  these  centres.  This  system  is  specially 
connected  with  the  functions  of  relation,  or  of  animal  life.    The  centres  pre- 
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side  over  general  sensation,  the  special  senses,  voluntary  and  Bome  in 
tary  movements,  intellection,  and,  in  short,  all  of  the  functions  tliat  ehtnr- 
terize  the  animal.  The  nerves  serve  as  the  conductors  of  impressions  knowii 
BR  general  or  special  sensations  and  of  the  stimulus  that  gives  rhe  to  Tolon- 
tary  and  certain  involuntary  movements,  the  latter  bcinir  the  ant/; 
movements  connected  with  animal  life. 

2.  The  sympathetic,  or  organic  system.  This  system  \s 
nected  with  the  functions  relating  to  nutrition,  operations  wh, 
analogue  in  the  vegetable  kingdom  and  are  sometimes  called  the  ftmcti' 
of  vegetative  life.  Although  this  system  presides  over  functions  entiiriy 
distinct  from  those  characteristic  of  and  peculiar  to  animals,  the  centres  df 
this  sptcm  all  have  an  anatomical  and  physiological  connectioa  with 
cerebro-spinal  nerves. 

The  cerebro-spinal  system  is  subdivided  into  centres  presiding  over  more^ 
ments  and  ordinary  sensation,  and  centres  capable  of  reccinng  impre^oni 
connected  with  the  sjx'cial  senses,  snch  us  sight,  audition,  olfaction  and  goft*- 
tion.  The  ner\'es  which  receive  these  special  impressions  and  convey  them 
to  the  appropriate  centres  are  more  or  less  insensible  to  ordinary  impressio 
The  organs  to  which  these  special  nerves  are  distributed  are  generally  of 
complex  and  peculiar  structure,  and  they  present  accessory  parts  which  ire 
important  and  essential  in  the  transmission  of  the  special  imprfisidon^  to  tht 
tenninal  branches  of  the  nerves. 

The  physiological  division  of  the  nervous  system  into  nerves  and  m 
centres  is  carried  out  as  regards  the  anatomical  gtructure  of  these  parta. 
two  great  divisions  of  the  system,  anatomically  considered^  are  into  nerre- 
cells  and  nerve-fibres. 

The  cells  of  the  nerve-centres,  while  they  may  transmit  impressions  and 
impulses,  are  the  only  parts  capable,  under  any  circnmstances,  of  generating 
the  nerve- force ;  and  as  a  rule,  they  do  not  receive  impressions  in  any  other 
way  than  through  the  nerve-fibres.  There  are,  however,  many  exceptions 
to  this  nile,  as  in  the  case  of  movements  following  direct  stimulation  of  ihe 
sympathetic  ganglia  and  certain  centres  in  the  brain  and  spinal  cord;  but 
the  cells  of  many  of  the  ganglia  belonging  to  the  cerebro-spinal  axis  are 
insensible  to  direct  stimulation  and  can  receive  only  impressions  conducted 
to  them  by  the  nerves. 

The  nerve-fibres  act  only  as  conductors  and  are  incapable  of  gener»tin| 
nerve-force.    There  is  no  exception  to  this  rule,  but  there  are  differenoa 
the  properties  of  certain  fibres.     The  nerves  generally,  for  example, 
direct  inii)ressions,  the  motor  filaments  conducting  these  to  the  muscles  idA- 
the  sensory  filaments  conveying  the  impressions  to  the  centres.     Tbcsse  fihrei 
also  conduct  the  force  generated  by  the  nerve-centres ;  but  there  art*  many 
fibres,  such  as  those  composing  the  white  matter  of  the  encephalon  and  ihA 
spinal  cord,  that  arc  insensible  to  direct  irritation,  while  they  convey  to  t' 
centres  impressions  conveyed  to  them  by  sensory  nerves  and  conduct  to  t 
motor  nerves  (he  stimulus  generated  by  nerve-oells. 

In  the  most  natural  classification  of  the  nerve-fibres,  they  are  dinded  in^ 
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two  groups ;  one  embracing  those  fibres  which  have  the  conducting  c*lement 
alone,  and  the  other  presenting  this  anatomical  elemeiit  surrouTulcd  by  cer- 
tain accessory  structures.  In  the  course  uf  the  nerves,  tlie  simple  fibres 
are  the  exception,  and  the  other  A^ariety  is  the  rule  j  but  as  the  nerves  are 
fullowed  to  their  terminations  in  muscles  or  sensitive  parts  or  are  traced  to 
their  origin  in  the  nerve-centres,  they  lose  one  or  another  of  their  coverings. 
These  two  varieties  are  designated  m  medullated  and  non-medullated  fibres. 

Medullated  Xerve-fibres. — These  fibres  are  so  called  because,  in  addition 
to  the  axis-cylinder,  or  conducting  element,  ibey  contain,  enclosed  in  a  tubu- 
hir  sheath,  a  soft  substance  called  medulla.  This  substance  is  strongly  re- 
fractive and  gives  the  nerves  a  peculiar  appearance  under  the  microscope, 
from  which  they  are  sometimes  called  dark-bordered  nerve-fibrea*  As  the 
whole  substance  of  the  fibre  is  enclosed  in  a  tubular  membrane,  these  are  f  iv* 
quently  called  nerve-tubes. 

If  the  nerves  be  examined  wiiile  perfectly  fresh  and  unchanged,  their  ana- 
tomical elements  appear  in  the  form  of  simple  fibres  with  strongly  accent u* 
ated  borders.  The  diameter  of  these  fibres  is  ^-^  to  y^w^  "^  ^^^  ^^^^-^^  (^^*  '^^ 
15  ^),  In  a  very  short  time  the  bordei's  become  darker  and  the  fibres  assume 
an  entirely  different  appearance.  By  the  use  of  certain  reagents,  it  can  be 
demonstrated  that  a  medullated  nerve-fibre  is  composed  of  three  distinct 
portions;  viz.,  a  homogeneous  sheath,  a  semi-fluid  matter  eontjiined  in  the 
iheath,  and  a  delicate,  central  band. 

The  tubular  sheath  of  the  nerve- fibres,  the  neurilemma,  is  a  somewhat 
elastic,  homogeneous  membrane,  never  striated  or  fibril  kited,  and  generally 
presenting  oval  nuclei  with  their  long  diameter  in  the  direction  of  the  tube. 
This  is  sometimes  called  the  sheath  uf  Schwann.  In  it^  chemical  and  gen- 
eral properties  this  membrane  resembles  tlie  Siirculemnni,  altbougli  it  is  less 
elastic  and  resisting.  It  exists  in  all  the  medullated  nerve- fibres,  large  and 
small,  except  those  in  the  white  portions  of  the  encephalon  ajid  spinal  conh 
It  is  not  certain  that  it  does  not  exist  in  the  small,  non-medullatcd  fibres, 
although  its  presence  here  has  never  been  satisfactorily  demonstrated. 

The  medullary  substance  fills  the  tube  and  surrounds  the  central  band. 
This  is  called  by  various  names,  us  myeliue,  white  substance  of  Schwann, 
meduUary  slieath,  nervous  medulla  etc.  It  di>es  not  exist  cither  at  the  ori- 
gin of  the  nerves  in  the  gray  substance  of  the  nerve-centres  or  at  the  periph- 
eral ternnnation  of  the  nerves,  and  it  is  probably  not  an  essential  conducting 
element.  When  the  nerves  are  perfectly  frt^sh,  this  substance  is  trausparent, 
humogeneous,  and  strongly  refracting,  like  oil ;  but  as  the  nerves  become 
altered  by  dejaiccation,  the  action  of  water,  acetic  acid  and  various  other 
reagents,  it  coagulates  into  an  opar|ne,  granular  mass.  In  the  white  sub- 
stance of  the  encephalon  and  spinal  cord,  the  neurilemma  is  wanting  and 
the  fibres  present  only  tbe  axis-cylinder  surrounded  with  the  white  substance 
of  Schwann*  As  a  post-mortem  condition,  these  fibres  present,  under  the 
microscope,  varicosities  at  irregular  intervals,  whirh  give  them  a  peculiar 
and  characteristic  appearance. 

The  medullated  nerve-fibres  do  not  have  regular  outlines,  but  present  con- 
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Tia.  t?i,—yerve'fUfr^9  from  the  human  tub- 
Jevt ;  magnified  SM  atametera  {KLUiketh 

Four  stn&U  fibres  of  which  two  are  v«Hccwl 
one  m(yUum<fliied  flhre  with  bord«iv  of 
ning]e  cKititoar,  and  four  large  fibres.  Of 
the  latter,  two  hare  a  double  coDloar,  aod 
two  coutata  granular  matter^ 


gtrictions  at  various  points  in  tbeir  length,  called  the  cot 
of  Rnnvier,     At  these  nodes  the  meduUnry  substanee  Lr      .. 

neurilemma  is  in  contact  witb  llie  Mm- 
cylinder.     It  is  at  thi-  --  tint  die 

transverse  linens  of  Fror  rodoeidliT 

tlie  action  of  silver  nitrata  apoo  the  i 
cylinder*  are  particuhLrly  profnuiiail 

AVhen  a  medollated  nerfs  -  lilirt  ii 
slightly  stretched,  a  nnrober  of  cibiiqar 
cuts  are  obsened  running  aerom  thtB  ftre 
and  extending  to  the  axisSr-cyliiider,  calM 
incisareft.  These  involve  the  tncdallvT 
substance  only,  and  are  beet  obserfied  whm 
this  substance  has  been  ilsiiiied  witb  «- 
mic  acid.  It  is  not  known  that  Iher  poi- 
sess  any  physiological  importance). 

The  axis-cylinder,  which  occopies  one- 
fifth  to  onc'fourth  of  the  diameter  of  ti» 
nerve-tube,  is  probably  tho  coiidiio(iii| 
portion  of  the  nerve.     In  the  ordiurf 
niedullated  fibres,  the  axis-cylinder  lan 
not  be  seen  in  the  natural  cofiditicMi,  b^ 
cause  it  refracts  in  the  game  manner  as  the  medullary  sobsuuiee;  tad  it 
can  not  easily  be  demonstrated  afterward,  on  account  of  the  opacitr  of  ihf 
coagulated  matter.     If  a  fresh  nene,  however,  be  treated  with  strong  ace^ 
acid,  the  divided  ends  of  the  fibres  retract,  lea\ing  the  axis-cylinder,  «lw*ii 
latter  is  but  slightly  affected  by  reagents.      It  then  presents   itself  in  the 
form  of  a  pale,  slightly   flattened  baud,  with   outlines  tolerablv  f^gabfi 
though  slightly  varicose  at  intervals.    It  is  somewhat  granular  and  ?« 
striated  in  a  longitudinal  direction.     This  band  is  elastic  but  not  veryi 
ing.     Wliat  servea  to  distinguish  it  from  all  other  portions  of  the  tiervi?-fili 
is  its  insolubility  in  most  of  the  reagents  employed  in  anatomical  inf 
tions«     It  is  slightly  swollen  by  acetic  acid  but  is  dissolved  after  profc 
boiling.     If  nerve-tissue  be  treated  i^Hth  a  solution  of  carmine,  the  axi»-efl* 
inder  only  is  colored*     It  has  been  observed  that  the  nerve-fibres  treated  wilk 
silver  nitrate  present  in  the  axis-cylinder  well  marke<l,  transverse 
(Fromann);  and  some  anatomists  regard  both  the  nerve-cells  and  thei 
of  the  fibres  as  composed  of  two  substances,  the  limits  of  which  are 
by  the  regular  strise  thus  developed.     This,  however,  is  a  point  of  pnrDlf 
anatomical  interest.     The  presence  of  regular  and  well  marked  striae  in  the 
axis-cylinder  after  the  addition  of  a  solution  of  silver  nitrate  and  the  actiofi 
of  light  can  not  he  doubted;  but  it  has  not  yet  been  determined  wbetber 
these  markings  be  entirely  artificial  or  whether  the  axis-cylinder  be  rally 
composed  of  two  kinds  of  substance. 

For  some  time  it  has  been  kuo\^^  that  the  axiB-cylinders  in  the  organs  of 
special  sense,  in  the  final  distribution  of  sensory  nerves  and  in  aonie  oHitf 
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Fio.  173.— iVbde»  of  Ranvier  and  lines  of  Fromann 
(Kanvier). 

A.  Intercostal  nerve  of  the  nioune,  treated  with  sil- 
ver nitrate. 

Nerve-flbre  from  the  sciatic  nerve  of  a  f ull-jrrown 
rabbit,  a,  node  of  Ranvier ;  m,  meduUarv  sub- 
stance rendered  transparent  by  the  action  of 
glycerine  ;  cy,  axis-cylinder  presenting  the  lines 
of  Fromann,  which  are  very  distinct  near  the 
node.  The  lines  are  less  marked  at  a  distance 
from  the  node. 


situations,  break  up  into  fibrillar.  A 
fibrlUated  appearance,  indeed,  is  often 
observed  in  nerves  in  their  course,  and 
it  is  now  the  general  opinion  that  the 
axis-cylinders  are  composed  of  fibrillffi 
held  closely  together  by  connective 
substance.  This  fibrillated  structure 
of  the  nerves  is  quite  prominent  in 
some  of  the  lower  orders  of  animals. 
The  various  appearances  which 
the  nerve-fibres  present  under  differ- 
ent conditions  are  represented  in 
Figs.  172  and  173. 

Non'mednUnted  Nerve  -  Fibres, — 
These  fibres,  which  are  largely  dis- 
tributed in  the  nervous  system,  ap- 
pear to  be  simple  prolongations, 
without  alteration,  of  the  axis-cylin- 
ders of  the  medullated  fibres.  They 
are  found  chiefly  in  the  peripheral 
terminations  of  the  nerves  and  in  the 
filaments  of  origin  of  the  fibres  from 

^^  the  nerve-cells.  Some  anatomists  think  that  they  have  a 
delicate  investing  membrane,  but  this  has  not  been  satis- 
factorily demonstrated. 

Gelatinous  Nerve -Fibres  (Fibres  of  Remak), — There 
has  been  some  difference  of  opinion  with  regard  to  the 
physiology  of  the  so-called  gelatinous  nerve-fibres.  Some 
anatomists  have  regarded  them  simply  as  elements  of  con- 
nective tissue,  and  others  have  described  thorn  as  axis-cyl- 
inders surrounded  with  a  nucleated  sheath ;  but  the  fibres 
do  not  present  tlie  lines  of  Fromann  when  treated  with  sil- 
ver nitrate.  While  elements  of  connective  tissue  may  have 
been  mistaken  for  true  nerve-fibres,  there  are  in  the  nerves, 
particularly  in  those  belonging  to  the  sympathetic  system, 
fibres  resembling  the  nerve-fibres  of  the  embryon.  These 
are  the  true,  gelatinous  nerve-fibres,  or  fibres  of  Remak. 
All  the  nerves  have  this  structure  until  about  the  fifth 
month  of  intraiiterine  life,  and  in  the  regoneration  of 
nerves  after  division  or  injury,  the  new  elements  usually 
assume  this  form  before  they  arrive  at  their  full  develop- 

Fio.   17 i.- Fibres  of    mcnt. 
liemak  ;  marjntfied 

ajo  diameters  (Rob-         The  truo,  gclatiuous  nervc-fibros  present  the  following 

With  the  gelatinous  characters:  They  are  flattened,  with  regular  and  sharp  bor- 

^tw^oTthe"S?-  ders,  grayish,  pale  and  always  fibrillated,  with   very  fine 

dlredTne^l-'^fibi^^'  grauulatious,  and  a  number  of  oval,  longitudinal  nuclei,  a 
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characteristic  which  has  given  them  the  Dame  of  nucleated   nerve^fibrK. 
The  diameter  of  the  fibres  is  about  ^j^  of  an  inch  (3  ^).     The  n     '     ' 
nearly  the  same  diameter  as  the  fibres  and  are  about  ^Air  of  an  j 
in  length.     They  are  tinely  granular  and  present  no  nucleoli.     The  nK^ 
rendered  pale  by  the  action  of  acetic  acid,  but  they  are  slightly  gwollt^r 
and  present,  in  this  regard^  a  marked  contrast  with  the  elements  of  C" 
ive  tissue.     They  are  fuuud  chiefly  in  the  sympathetic  system  and  in  tiui 
particular  portion  uf  this  system  cunnected  with  involuntary  movemeiitA 
They  are  not  usually  found  in  the  white  filaments  of  the  s>Tnpathetic* 

Acccsmrt/  Anafftmfrfil  Ekmenfs  of  tit e  Nerve». — The  nerves  present,  in 
addition  to  the  different  varieties  of  true  nerve-fibres  just  dcjscribed^  eertva 
accessory  anatomical  elements  common  to  nearly  all  of  the  tiasaes  of  the 
organism,  such  as  connective  tissue,  blood-vessels  and  lymphatics. 

Like  the  muscular  tissue,  the  nerves  are  made  up  of  their  true  aaatomicil 
elements — the  nerve-fibres — held  together  into  primitive,  secondary  and  terti- 
ary bundles,  and  so  on,  in  proportion  to  the  size  of  the  nerve.     Tl^ 
fiisciculi  are  surrounded  with  a  delicate  membrane,  desL-ribed  by  R. 
the  name  of  pirinevre^  but  which  had  been  already  noted  by  other  anat. 
under  different  names,  and  is  now  frequently  called  the  sheath  of  i 
This  membrane  is  homogeneous  or  very  finely  granular,  sometimes  w, . 
with  longitadinal  strias  and  possessing  elongated,  granular  nuclei,     Actwii- 
ing  to  Ranvier,  there  are  three  kinds  of  nuclei  either  attacheil  to  or  sittifttrtl 
near  the  sheath.     These  are  (1)  nuclei  att^iched  to  the  inner  surface  of  the 
sheath;  (2)  nuclei  belonging  to  the  nerve-fibres  within  the  sheath;  n 
nuclei  of  connective-tissue  elements  near  the  sheath.     Treated  with  -.- 
nitrate,  the  sheath  presents  the  borders  of  a  lining  endothelium-     Tlie  sheath 

Ilenle  begins  at  the  point  where  the  nerve-fibre^s  emerge  from  the  rhit? 
[>rtion  of  the  nervous  centres,  and  it  extends  to  their  terminal  extr^midrtv 
being  interrupted  by  the  ganglia  in  the  course  of  the  nerves.  Thb  mnt- 
brane  generally  envelops  a  primitive  fasciculus  of  fibres,  branching  as  the  bun- 
dles di\ide  and  paas  from  one  trunk  to  another,  and  is  sometimes  foaml 
surrounding  single  fibres.  It  usually  is  not  penetrated  by  blood-ves»ek  lb« 
imallest  capillaries  of  the  nerves  mmif  \ing  in  its  substance  but  seldom  paw- 
ag  through  to  the  individual  nerve-fibres.  Within  the  sheath  of  Ilenle  »nt 
sometimes  found  elements  of  connective  ti^ue,  with  very  rarely  a  few  capil* 
lary  blood-vessels  in  the  largest  fasciculi. 

The  qnantity  of  fibrous  tissue  in  the  different  nerves  is  very  TariaMa  iiid 
depends  upon  the  conditions  to  which  they  are  subjected.     In  the 
within  the  bony  cavities,  where  they  are  entirely  proiex;ted,  the  fibmus  lia 
is  very  scanty ;  but  in  the  nerves  between  muscles,  there  is  a  tolembl v  «tn 
investing  membrane  or  sheath  surrounding  the  whole  nerve  and  ^v 
its  interior  processes  which  envelop  smaller  bundles  of  fibres.     T,. 
is  formed  of  ordinary  fibrous  tissue,  with  small  elastic  fibres  and  nucle 
connective-tissue  cells.     These  latt-er  may  be  distiiiguit^hed  from  the 
nous  nerve-fibres  by  the  action  of  acetic  acid,  which  swells  and  finally  du 
them,  while  the  nerve-fibres  are  but  slightly  affected. 
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The  greatest  part  of  the  fibrous  sheath  of  the  nerves  is  composed  of  bun- 
dles of  white  inelastic  tissue,  interlacing  in  every  direction;  but  it  contains 
also  many  elastic  fibres,  adipose  tissue,  a  net-work  of  arteries  and  veins,  and 
**  nervi  nervorum,"  which  are  to  these  structures  what  the  vasa  vasorum  are 
to  the  blood-vessels.  The  adipose  tissue  is  constant,  being  found  even  in  ex- 
tremely emaciated  persons  (Sappey). 

The  vascular  supply  to  most  of  the  nerves  is  rather  scanty.  The  arteries 
break  up  into  a  plexus  of  very  fine  capillaries,  arranged  in  oblong,  longi- 
tudinal meshes  surrounding  the  fasciculi  of  fibres ;  but  they  rarely  penetrate 
the  sheath  of  Henle,  and  they  do  not  usually  come  in  contact  with  the  ulti- 
mate nervous  elements.  The  veins  are  rather  more  voluminous  and  follow 
the  arrangement  of  the  arteries.  L}Tnph-spaces,  lined  by  delicate  endothe- 
lium, are  found  in  the  connective- tissue  sheaths  of  the  bundles  of  fibres. 

Branching  and  Course  of  the  Nerves, — The  ultimate  nerve-fibres  in  the 
course  of  the  nerves  have  no  connection  with  each  other  by  branching  or  in- 
osculation. A  bundle  of  fibres  frequently  sends  branches  to  other  nerves  and 
receives  branches  in  the  same  way ;  but  this  is  simply  the  passage  of  fibres 
from  one  sheath  to  another,  the  ultimate  fibres  themselves  maintaining 
throughout  their  course  their  individual  physiological  properties.  The 
nerve-fibres  do  not  branch  or  inosculate  except  near  their  termination.  When 
there  is  branching  of  medullated  fibres,  it  is  always  at  the  site  of  one  of  the 
nodes  of  Ranvier.  The  branching 
and  inosculation  of  the  ultimate 
nerve-fibres  will  be  fully  described 
in  connection  with  their  final  dis- 
tribution to  muscles  and  sensitive 
parts. 

Termination  of  Nerves  in  Vol- 
untary Muscles, — The  mode  of 
termination  of  motor  nerves  in 
voluntary  muscles  was  indicated 
by  Doyere,  in  1840,  was  quite  fully 
described  by  Rouget,  in  18f32,  and 
has  since  been  studied  by  anato- 
mists, who  have  extended  and 
elaborated  these  researches.  It  is 
the  general  opinion  that  but  one 
nerve-ending  exists  in  each  mua- 
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175.— Jfodc  of  termination  of  the  motor  neit'C'S 
(Rouget). 
A,  primitive  fasciculus  of  the  thyro-hyoid  muscle  of  the 
human  subject,  and  its  nerve-tube:  1.  1.  primitive 
muscular  fasciculus  ;  2,  nerve-tube  ;  3.  medullary 
Rul)stauce  of  the  tube,  which  is  seen  extending  to  the 
terminal  plate,  where  it  disappears  ;  4.  terminal 
plate  situated  beneath  the  sarcolemma.  that  is  to 
say,  between  it  and  the  elementary  fibrillar ;  5,  5, 

Cular  fibre  in  the  mammalia,  while    B,  primitive  fasciculus  of  the  intercostal  muscle  of  the 

lizanl,  in  which  a  nerve-tube  terminates  :  1 .  1.  sheath 
of  the  ner\'e-tube  ;  2.  nu(*leus  of  the  shenth  :  .3.  3, 
sarcolemma  becoming  continuous  with  the  sheath  ; 
4.  me<lullar>'  sulwtance  of  the  nerve-tube,  ceasing 
abruptly  at  the  site  of  the  teniiinal  plat*^;  ,'>,  5,  ter- 
minal plate  :  0.  0,  nuclei  of  the  plate  :  7.  7.  granular 
substance  which  forms  the  princii>al  element  of  the 
terminal  plate  and  which  is  continuous  with  the  axis- 
cylinder  :  8.  8.  undulations  of  the  sarcolenmia  re- 
prmlucing  those  of  the  flbrilla? ;  i»,  9,  nuclei  of  the 
sarcolemma. 


several  exist  in  cold-blooded  ani- 
mals. In  man  and  in  the  warm- 
blooded animals  generally,  tlie 
medullated  nerve  -  fibres  divide 
dichotomously  near  their  endings 
in  the  musculai  fibres,  each  divis- 
ion always  taking  place  at  a  node  of  Ranvier. 


Tlie  fibres  finally  resulting 
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from  these  divisions  pn^  to  the  sarcolemraa  and  terminate  in  a  mtlier  pttm- 
inent  muss  called  an  end-plate,  with  six  to  twelve  or  sijmetimed  su[teen  uncin 
which  are  distinct  from  the  nuclei  of  the  muscular  fibre.  The  tabular  ttwm- 
hrane  of  the  nerve-tibre  here  fuses  with  the  sareolerama  (Rouget)aD4i  t]» 
itiedidhiry  substance  is  lost.  By  the  action  of  gold  chloride,  it  hiw  Wa 
shown  that  fibrils  arise  from  the  under  surface  of  the  end-plati'-s,  which  pw 
into  the  substance  of  the  muscular  fibres,  between  the  muscuUr  Gbnils. 


'-^ 
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These  fibrils  probably  are  connected  with  the  axis-cylinders,  but  their  ei^t 
mode  of  t^^rmiuation  in  the  muscular  substance  has  not  been  satisfiurton> 
demonstrated. 

Although  the  sensibility  of  tlie  muscles  is  slight  as  compared  with  tlwJ 
of  the  skin  and  mucous  membranes,  they  are  not  insensible  and  they  posaev 
nerve- fibres  other  than  those  exclusively  motor.  Acconiing  to  Kollikcfr 
small  meduilated  fibres  go  to  the  muscular  tissue  and  here  give  off  very  fioe 
non-medullated  fibres,  which  terminate  in  fibres  of  the  same  appearance  bat 

provided  with  nuclei.  These  form  a  plexus  on 
thesarcolemmaand  surround  the  muscular  fibm. 
It  is  not  certain  that  they  jr^eneimte  the  sarc»)- 
lemma  and  terminate  in  the  muscular  sulwiAint. 
although  this  view  has  been  advanced- 

TernuHftfion  of  Nen^e^t  in   fhf>  //      ' 
Muscular  Tissue. — According   to   tip 
tions  of  Frakenhaeuser  upon  the  nerves  of  tbt 
uterus,  the  nerve-fibres  form  a  plexus  in  the  con- 
necrtive  tissue  surrounding  the  involunttiry  mus- 
cles and  tlien  send  small  fibres  into  the  sht*tAuf 
layers  of  muscular-fibre  cells,  which  branch  adiI 
finally  go  into  the  nucleoli  of  these  structan* 
Arnold  has  confirmeil  these  observations  and  hi# 
rio.t7:.^7Wmtnnti<m  of  nerves  in  sliowu  farther  that  in  many  instancejs,  the  finr, 
non^.inatramH^ie,Cmim^       terminal  nerve-fibres  bmnch  and  go  into  t!ir 
nuclei  of  the  muscular  fibres  and  afterward  pass  out  to  join  with  utlier  tibiw 
und  form  a  plexus. 

Tennination  of  the  yerves  m  Glands. — ^The  researches  of  Pfluger  of 
the  salivary  glands  leave  no  doubt  of  the  fact  that  medulla terl  nerve-fib 
jmss  to  the  cells  of  these  organs  and  there  abruptly  terminate,  at  less!  \ 
dark-bordered  fibres.     This  author  believes,  however,  that  having  forme 
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Fig.  its.— Termination  of  the  nen^a  in  the  mlivary  glands  (Pflttj?er). 
I,  II,  branching  of  the  nerves  between  the  glandular  cells  ;  III.  termina- 
tions of  the  nerves  in  the  nuclei  of  the  cells ;  IV,  multipolar  nerve- 
cell. 


more  or  less  branching  plexus,  non-medullated  fibres  pass  directly  into  the 
glandular  cells  and  terminate  in  the  nucleoli.  The  same  observer  has  de- 
scribed and  figured  multipolar  cells,  mixed  with  the  glandular  cells,  in  which 
some  of  the  nerve-fibres  terminate.  These,  however,  are  not  found  in  the 
parotid.  These  nerve- 
fibres  are  regarded  as 
glandular  nerves,  and 
they  are  distinct  from 
the  vaso-motor  nerves. 

Modes  of  Termi na- 
tion of  the  Sensory 
Nerves.  —  There  un- 
doubtedly are  several 
modes  of  termination 
of  the  sensory  nerves 
in  integument  and  in 
mucous  membranes, 
some  of  which  have 
been  quite  accurately 
described,  while  others 
are  still  somewhat  un- 
certain. In  the  first 
place,  anatomists  now 
recognize  three  varieties  of  corpuscular  terminations,  differing  in  their 
structure,  probably,  according  to  the  different  properties  connected  with 
sensation,  with  which  the  parts  are  endowed.  In  addition  it  is  probable 
that  sensory  nerves  are  connected  with  the  hair-follicles,  which  are  so  largely 
distributed  throughout  the  cutaneous  surface.  There  are,  also,  terminal 
filaments  not  connected  with  any  special  organs,  some  of  them,  perhaps, 
ending  simply  in  free  extremities,  and  some  connected  with  epithelium. 
There  are  still  differences  of  opinion  concerning  these  various  modes  of 
termination  of  the  nerves,  but  with  regard  to  the  terminal  corpuscles,  these 
differences  relate  mainly  to  anatomical  points.  It  is  not  proposed,  therefore, 
to  enter  fully  into  the  discussions  upon  these  questions,  l)ut  simply  to  pre- 
sent what  seem  to  be  the  most  reliable  anatomical  views. 

Corpuscles  of  Vater  or  of  P(wini. — These  bodies  were  called  coi^puscles 
of  Pacini,  until  it  was  shown  that  they  had  been  seen  about  a  century  and 
a  half  ago  by  Vater.  In  man,  they  are  oval  or  egg-shaped  and  measure  ^^ 
to  \  of  an  inch  (1  to  4  mm.)  in  length.  They  are  always  found  in  the  sub- 
cutaneous layer  on  the  palms  of  the  hands  and  the  soles  of  the  feet,  and  are 
most  abundant  on  the  palmar  surfaces  of  the  fingers  and  toes,  particularly 
the  third  phalanges.  In  the  entire  hand  there  are  about  six  hundred,  and 
about  the  same  number  on  the  feet.  They  are  sometimes,  but  not  constantly, 
found  in  the  following  situations :  the  dorsal  surfaces  of  the  hands  and  feet, 
on  the  cutaneous  nerves  of  the  arm,  tlie  forearm  and  the  lu^'k,  the  internal 
pudic  nerve,  the  intercostal  nerves,  all  of  the  articular  nerves  of  the  extremi- 
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ties,  the  nerves  bon<mth  the  mamnmry  glands,  the  nerves  of  ih 
in  the  substance  uf  the  muscles  of  the  hands  and  feet   They  ai 
out  exception  on  all  of  the  great  plexuses  of  the  sympathetic  d}^teiiit  m  Uvs^ 
of  and  by  the  sides  of  the  abdominal  aorta,  and  behind  the  peritoDeont,  jar- 
ticuhirly  in   tlie  vicinity  of  tlie  pancr^^iui.    They  xm^ 
times  exist  in  the  mesentery  and  have  been  obeeired  ur 
the  coccygeal  gland. 

The  corpuscles  consist  simply  of  fietend  kivr?  «»f 
connective   tissue  enclosing  one,  two  or  Ihre^ 
bulbs  in  which  are  found  the  end?  of  th> 
bulbs  are  finely  gmnulur  ant!  nucleatalt  u  - 

by  most  anatomists  as  composed  of  cotmedtTi^  tisBit 
At  the  base  of  the  corpuscle,  is  a  pedicle  formed  of  ooii* 
nective  tissue  surmunding   a   medulbit«l    werfe^tkrf 
which  i>enetrate3  the  corpuscle.     Within  the  ooqiork 
the  medullary  substance  of  the  ner\'e- fibre  ti  lusfi  iiid 
only  the  axis-cylinder  remains. 

The  situation  of  these  corpuscles,  beneath  thf*  imt 
skin  instead  of  in  its  substance,  shows  tbat  they  cma  mi 
be   properly  considereci  as   tactile  corpusi*le«,  a  Dimr 
which  is  applied  to  other  structures  found  in  the  piptib 
of  the  corium ;  and  it  is  impossible  to  assign  to  them  snj 
^*  *T*«p«^».X^riSU  special  use  connected  with  sensation^  such  as  the  apfirtp- 
3?"Tii'*fa.l?J-reTT"i;  eiation  of  temperature,  pressure  or  weighL     All  thai  am 
^^41^?^"?SJiO'  ^^  ^^  ^*^^  Tvgnvd  to  them  is  that  they  consUtute  one  ut 
SL4eTT!^?n?!  wiikSi  ^^^^  several  modes  of  termination  of  the  nerr^  of  pm- 
end  sensibility. 

Tif title  Corpuftcles, — The  name  tactile  corpoiclei  m* 
]>lies  that  these  bodies  are  connected  with  the  aeosr  of 
touch;  and  this  view  is  sustained  by  the  fact  ilu*    ' 
are  found  almost  exclusively  in  ^mrts  endowed  to  a  marked  dc^* 
tactile  sensibility.     They  are  s^jmetimes  calletl  the  corpuscles  of  MeiaEDcr 
and  Wagner,  after  the  anatomists  by  whom  they  were  first  described.    Tbt 
true,  tactile  corpuscles  are  found  in  greatest  numlier  on   the  palinir  for* 
faces  of  the  liands  and  lingers  and  tlie  plantar  surfaces  of  the  feet  anJ  Ur^ 
They  exist,  also,  in  the  skin  on  the  backs  of  the  hands  and  feet,  the  tiipplt*. 
and  a  few  on  the  anterior  surface  of  the  forearm.     The  largest  papiU}^  uf  ttif 
skin  are  found  on  t!ic  hands,  feet  and  nipples,  precisely  when- 
ccr])usclcs  are  most  abundant.     Corpuscles  do  not  exist  in  all  y.^^...... 

they  are  found  chiefly  in  those  called  compound.     In  an  area  a  little  mm 
than  i^^^  of  an  inch  square  ('2'*2  mm.  square),  on  the  thinl  phalanx  of    ■ 
dcx-tinger,  Mcissner  counted  four  hundred  papillfe,  in  one  hundred  aii-.    , 
of  which  ho  found  tactile  corpumdes,  or  about  one  in  four.     In  an  equal  irui 
on  the  second  phalanx,  he  found  forty  corpuscles;  on  the  first  fi    * 
teen;  ciglit  on   the  skin  of  the  hypothenar  eminence;  thirty-li 
plantar  surface  of  the  ungual  phalanx  of  the  great*toe;  and  seven  or  eight  iQ 


bus  liifit  iis  iMt^iulliir>' 

8.  tormina ti<m  *>(  tht* 
nerve  ;  U,  ^raiiutar 
»ubstAnee  ctintiouuUft 
isith  the  uerve. 


TERMINATIONS  OP  THE  SENSORY  NERVES. 


515 


the  skin  on  the  middle  of  the  sole  of  the  foot.     In  the  skin  of  the  fore-arm 
the  corpnscles  are  very  rare.    According  to  Kolliker,  the  tactile  corpwacles 


il^^ 


^1^, 


^ 


1,  pftpflla  with  t^i 


the  pnim  of  tht  hnnd  (Kappey). 
i»lH;  2.  tHtphlla  wiUi  a  UiHil*'  cnqiiis<7lc  ;  X  [wpina  with  three  riwcular 


loops :  4, 5,  Ifirpv.  oot»p«>ydil  i,)apiUii^ ;  ^.  0,  vasculftr  «jt4'W«jrk  beut-Ath  th*/  jinpllLe^  :  7*  T.  T,  7,  vnseular 
loops  in  the  papliltti ;  8,  d,  »,  8,  iiei-yes  beneath  the  papltlii* ;  a^,  U,  lU,  U,  lacLlle  corpuscles. 

Ufiually  occupy  special  papilla  which  are  not  provided  with  blood-vessds ;  so 
that  the  papillae-  of  the  haud  oiay  be  properly  divided  iuto  Viiscular  and 
nervous. 

The  form  of  the  tactile  coT7>URcles  is  oblong,  with  their  long  diameter  in 
the  direction  of  the  papillae,  Their  lengt!i  h  y|^  to  j\^  of  an  inch  (*Hi  to 
lijil  fi).  In  the  palm  of  the  hand  they  are  ^^^  to  ^iir  of  ^^  inch  {100  to 
lCt5  /a)  lon^,  and  ^^  to  j^^  of  nn  inch  (45  to  50  /x)  in  thickness.  They  gen- 
erally are  situated  at  the  summits  of  the  secoiulary  eminencea  of  the  com- 
pound papillae.  They  consist  of  a  central  bulb  of  homogeneous  or  slightly- 
granular  connective-tissue  substance,  harder  than  the  central  bulb  of  the 
corpuscles  of  Vater,  and  a  covering.  The  covering  is  composed  of  eonuect- 
ive  tissue  with  a  few  tine  elastic  fibres.  One,  tw^o,  and  sometimes  three  or 
four  dark-bordered  nerve-fibres  pass  from  the  subcutaneous  nervous  plexus 
to  the  base  of  each  coqiuscle.  These  surround  the  corpuscle  with  two  or 
three  spiral  tunis,  and  they  terminate  by  pale  extrenuties  on  the  surface  of 
the  central  bulb. 

£ful-Jltilbn. — Under  tliis  name,  a  variety  of  corpuscles  hm  been  described 
by  Krause,  as  existing  in  tlie  conjunctiva  covering  the  eye  aiul  in  the  semi- 
lunar fold,  in  the  floor  of  the  buccal  cavity,  thj  tongue,  the  glaus  |>euis  and 
the  clitori.s.  They  bear  some  analogy  to  the  tactile  corpuscles,  but  they  are 
much  smaller  and  more  simple  in  their  structure.  They  form  rounded  or 
oblong  enlargements  at  the  ends  of  the  nerves,  which  are  composed  of  homo- 
geneous matter  with  a  delicate  investment  of  connective  tissue.  They  meas- 
^^  TiiVir  ^^  jhf  ^^  ^^  ^^^'^  V^^  ^^  l'^**  H-)  ^^  diameter.  In  the  parts  providetl 
with  papilla?,  they  are  situated  at  the  summits  of  the  secondary  elevations. 
The  arrangement  of  the  nerve- fib  res  in  these  corpuscles  is  very  simple.  One, 
two,  or  three  meduUated  fibres  pass  from  the  submucous  plexus  to  the  cor- 
pUR^les.  The  investing  sheath  of  tlie  fibres  is  liere  continuous  with  the  con- 
nective-tissue coveririg  of  tlie  corpuscle,  and  the  nerve- fil>res  {lass  into  tlie 
corpuscle,  break  u]j  into  two  or  three  divisions,  and  terminate  in  convoluted 
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or  knott*?ti  coils.      The  nerve-fibres  are  mednllateil  for  a  ctrT* 
but  then  terniiniiti«nis  are  generally  pale.     The  above  is  one 

corpuscles.  Sometimes,  however,  the  temtiti&l  bob 
are  oblong,  and  sometiraes  but  a  single  nerve-fihr^ 
penetrates  tlie  bulb  an<l  terminatesi  in  a  fiunjile,  \mlt* 
tilament  The  principal  forms  of  the  tenainal  bu|l« 
ai*e  shown  in  Fig.  18L 

General  Mode  of  Tertni nation  of  the  Sen^rf 
Xerveit,' — The  actual  termination  of  the  setwcn 
nerves  upon  the  general  »nrfttt?e  and  in  mucoiu 
membranes  is  still  a  question  of  some  ob?rantT. 
Although  an;itoniists  have  arrived  at  a  pret..y  definite 
knowledge  of  the  sensory  corpust-les,  it  mnFt  b? 
remembered  that  there  is  an  immense  cntaneoiii^  and 
mucous  surface  in  which  no  corpuscles  have  a^  m 
been  demonstrated ;  and  it  h  in  tiiej*e  jiarts,  t-ndoirtd 
with  what  may  be  called  general  sendblUtr,  as  dia- 
tinguished  from  the  sense  of  touch,  that  the  ounie 
of  termination  of  the  nerves  remains  to  be  studienL 
According  to  Kulliker,  in  the  immense  majoriti 
of  instances  the  sensory  nerves  terminate  in  K>ni^ 
way  in  the  hair- foil  ides.  If  this  be  true,  it  nil 
account  for  the  termination  of  the  nerves  in  by  fnt 
the  greatest  portion  of  the  skin,  as  there  are  (**« 
parts  in  which  hair-follicles  do  not  exist;  but  nc- 
fortunately  the  exact  mode  of  connection  of  ibf 
nerves  with  thc^e  follicles  is  not  apparent.  Tbr 
^^^^^"^  "^i  '""  following  seems  to  be  all  that  is  positively  knovu 
^^^'^  of  the  terminations  of  the  nerves  on  the  geucnJ  for* 

f  ttee : 

Meihillatod  nerve-fibres  form  a  plexiui  in  tbe 
deeper  layers  of  the  true  skin,  and  from  \X\\a  plei- 
M%  fibres,  some  pale  and  nucleaterl  and  olhen*  mr* 
<lidlated,  pass  to  the  hair-follicles,  divide  \xi^ 
branches^  penetrate  into  their  interior  and  are  ther? 
lost.  A  certain  number  of  fibres  pass  to  the  ii^^tv* 
striated  muscular  fibres  of  the  skin*  A  ^ 
number  pass  to  papillae  and  terminate  in  tactik  ^t. 
puscles,  and  others  pass  to  papilla?  that  have  no  \m* 
tile  corpuscles. 

In  the  mucous  membranes  the  mode  of  tcrmin 
tion  is,  in  general  terms,  by  a  delicate  plexiw  ja 
beneath  the  epithelium,  coming  from  a  sabmucfl 
plexus  analogous  to  the  deep  cutaneous  plexus, 
certain  membranes  the  nerves  terminale  in  ^nd- 
bulbs,  or  corpuscles  of  Krause*     In  the  cornea,  according  to  the  obsarvati 


clett  of  KruuM-  \  I^tnMf  n ; 
A,  Uiree  corpuik.-!*'- 
from    tb**    coi 
mau,    treated 

elera:   1,  aj^lifn    i        ;  i   ;- 

Cle,    wjtli   f uo    !! 

wiv< 

t<?n'  ' 

m^r^  ■ 

fatty  pninulati- 
t^^nml  Jiulb ;  H,  an  rluiijjaif tl 
corpuscle    with    u    distiuc'l 
terminal  fibre. 

ooveriiiiT.  inii-leat4*d  in  1  and 
%  is.ii;s.:ir..nsi.TN-,l. 

with         '  ■] 

of  a  nerve  -  flbm  witli   iia 
bulh  :  3.  ilonUl.'  I.triti-'afiun 
rtf   ;*    ■  ■ 
t^-ri' 

of  Th.    '.    ■  ' 

t^-rnul  bulb  »  c,  uah  ut^nt^- 
fibre. 


STRUCTURE  OF  THE  NERVE-CENTRES. 


517 


of  Hoyer,  Lipmann  and  others,  branching  nerve-fibres  pass  to  the  nucleoli 
of  the  corneal  corpuscles  and  to  the  nucleoli  of  the  cells  of  the  posterior 
la3rer  of  epithelium. 

Structure  of  the  Nerve-centres. — A  peculiar  pigmentary  matter  in  the 
nerve-cells  and  in  the  surrounding  granular  substance  gives  to  the  nerve- 
centres  a  graj-ish  color,  by  which  they  are  readily  distinguished  from  the 
white,  or  fibrous  division  of  the  nervous  system.  Wherever  this  gray  matter 
is  found,  the  anatomical  elements  of  the  tissue  are  cellular,  except  in  the 
nerves  formed  of  gray,  or  gelatinous  fibres.  Under  the  general  division  of 
nerve-centres,  are  included,  anatomically  at  least,  the  gray  matter  of  the 
cerebro-spinal  centres,  the  ganglia  of  the  roots  of  the  spinal  and  certain  of 
the  cranial  nerves,  and  the  ganglia  of  the  sympathetic  system.  In  these 
parts  are  found  cells,  which  constitute  the  essential  anatomical  element  of 
the  tissue,  granular  matter  resembling  the  contents  of  the  cells,  pale  fibres 
originating  in  prolongations  of  the  cells,  elements  of  connective  tissue,  deli- 
cate membranes  enveloping  some  of  the  cells,  with  blood-vessels  and  lym- 
phatics. The  most  important  of  these  structures, 
in  their  physiological  relations,  are  the  cells  and 
the  prolongations  by  which  they  are  connected  with 
the  nerves  and  with  each  other. 

Nerve-cells, — The  following  varieties  of  cells  ex- 
ist in  the  nerve-centres  and  constitute  their  essential 
anatomical  elements  ;  viz.,  unipolar,  bipolar  and 
multipolar  cells.  These  cells  present  great  differ- 
ences in  their  size  and  general  appearance,  and  some 
distinct  varieties  are  found  in  particular  portions  of 
the  nervous  system.  Unipolar  and  bipolar  cells  are 
found  in  the  ganglia  of  the  cranial  nerves  and  in 
the  ganglia  of  the  posterior  roots  of  the  spinal 
nerves.  Small  unipolar  cells  are  found  in  the  sym- 
pathetic ganglia.  Multipolar  cells  present  three  or 
more  prolongations.  Small  cells,  with  three  and 
rarely  four  prolongations,  are  found  in  the  posterior 
cornua  of  the  gray  matter  of  the  spinal  cord.  From 
their  situation  they  have  been  called  sensory  cells. 
They  are  found  in  greatest  number  in  parts  known 
to  be  endowed  exclusively  with  sensory  properties. 
Large,  irregularly  shaped  multipolar  cells,  with  a 
number  of  poles,  or  prolongations,  are  found  chiefly 
in  the  anterior  cornua  of  the  gray  matter  of  the 
spinal  cord,  and  these  have  been  called  motor  cells. 
They  sometimes  present  as  many  as  ten  or  twelve 
poles. 

Unipolar  cells,  such  as  exist  in  the  ffandia  of  Fio.  i82.-rn/>)//Trrw//r«m//<e 
the  nerves  as  distmguished  from  the  ganglia  of  the  n,  n  n  nuclei  of  the  sheath ;  t. 
cerebro-spinal  axis,  have  but  a  single  i)rolongation,     '  1^^-^^^r.^^^^^K^i^r.o^^ot 
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^tci,  ifn 


Vnijiniitr  n^trve- 
tl  uith  a  sjfirat Jibn 


Fio.    im.  —  Bipohtr 


whick  is  continuous  with  a  nerve-fibre.     These  cells  f requeue* 
necti%"^e-tissue  envelc>i>eH,  or  sheath,  which  is  prolonged  as  ti  - 

nerre.  Unipolar  cells,  nith  a  muoKU 
ire-tissne  sheath,  the  pulu  bttag  at* 
rounded  by  a  ^piml  tibrcp  liaf«  haa 
observed  in  the  ii^^mfiathetic  gni^iif 
the  frog.  These  do  nol  ffxisi  in  i^ 
human  subject  or  in  the  mammiGt  ttd 
nothing  is  known  of  the  naai  of  tbr 
qnral  fibres. 

Bipolar  celk  seem  la  hi*  nwAakd 
enlargements  in  the  course  of  tnednU 
lated  nerve-fibres.  Ui^iiiilU  the  med^* 
bury  iobstance  does  not  mtmiA  ofrif 
the  celU  although  this  aomettmei  <k* 
curs. 

Multipolar  cells  hare  a  nniBlKrQl 
poles,  but  there  is  alwayi  one  ftk 
which  does  not  branch  and  which  becomeg  cotitinuous  with  the  azi^^yHfidv 
of  a  nerve-fibre.  This  m  called  the  axi^cylinder  protongalion.  Of 
other  poles,  some  are  continuoui*  with  poles  of  contiguous  cislb, 
numbers  of  cells  into  groups,  and  others^ 
which  are  sometimes  calle<l  protoplasmic 
prolongations,  branch  froely  and  are  lost 
in  the  intercellular  substance. 

With  all  the  ditferencea  in  the  size 
and  form  of  the  nerve-cells,  they  present 
tolerably  uniform   general  characters  as 
rt^giinla    tlieir    structure    and     contents. 
With  the  exception  of  the  unipolar  and 
bipolar  cells,  they  are  irregular  in  shape, 
with  strongly  refracting,   grantdar   con- 
tents, frequently  a  considerable  number 
of  pigmentary  granules,  and  always  a  dis- 
tinct nucleus  and  nucleolus.    The  nucleus 
in  the  adult  is  almost  invariably  single, 
although,  in  rare  instances,  two  have  been 
observed.     Cells  with  multiple  nuclei  are 
often  observed   in  young  animals.     The 
nucleoli  usually  are  single,  but  there  may  be  as  many  as  four  or  ^v%\    Tht 
diameter  of  the  cells  is  variable.     They  usually  measure  y^Y9  ^'^  rt^  "^  ' 
inch  (20  to  50  /t) ;  but  there  are  many  of  larger  size  and  some  are  pmalk 
The  nuclei  measure  ^^  to  j^^  of  an  inch  (1*2  to  20  ^)     The  nerre 
are  eoft,  have  no  true  cell- membrane  and  are  fibrillated,  the  fibrillation  i 
tending  to  the  polea.     The  transverse  striie  in  the  axis-cylinder  irroted 
silver  nitrate,  noted  by  Fromann  and   confirmed  by  Qnindrj  and 
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have  been  observed  by  Grandfy  in  tlie  substance  of  the  nerve-cells.  While 
liict,  perhaps,  shows  that  the  substanee  contained  in  the  cells  and  their 
i>ngaH'»»i>  i>  liki^  Hm*  finlKtjuH'^-  of  the  axis-cylinder,  it  is  possible  that  the 


Fm,  ia».— TVaiwscr^f  »^e  <i 


treated  With  *iiver  nitt-ntt'  lUrandryj. 


nrmrkings  may  be  entirely  artificial,  and  that  they  do  not  indicate  the  exist- 
ice  of  two  distinct  substances. 

Tracing  the  nerve-fibres  toward  their  origin,  tliey  are  seen  to  lo«e  their 

iTC-sting  membrane  as  they  pass  into  tlie  white  portion  of  the  centres,  being 

ere  composed  only  of  mednllary  substance  surrouuding  the  ax  is- cylinders. 

ley  then  penetrate  the  gray  substance,  in  the  form  of  axis-cylinders,  losing 

lie  medullary  substance*     In  the  gray  substance,  it  is  impossible  to  make 

it  all  their  relations  distinctly,  and  it  can  not  be  stated,  as  a  matter  of 

sitivQ  demonstration,  that  aO  of  them  are  connected  ^ith  the  poles  of 

prve-cells.     Still,  it  has  been  «hown  in  the  gray  matter  of  the  spinal  cord, 

it  many  of  the  fibres  are  actual  ]»roi*»ngations  uf  the  cells,  others  probably 

paieing  upward  to  be  connected  with  cells  in  the  encephalon. 

Tracing  the  prolongations  from  the  cells,  it  is  found  that  at  lea^t  one  of 
the  poles  in  the  gray  substance  gives  origin  to  nerve-fibres,  but  that  these 
fibres  do  not  branch  after  they  pass  into  the  white  substance.  Other  poles 
connect  the  nerve-cells  with  each  other  by  commissural  fibres  of  greater  or 
less  length  ;  and  it  ts  probalile  that  the  cells  are  thus  arranged  in  ae[mrate 
and  distinct  groups,  possibly  connected  witli  sets  of  muscles. 

AcrfiHsory  A/tft/onncai  EU^rnvntii  of  the  At^rve-ve Hires. — In  addition  to  the 
cells  of  the  gray  matter  and  the  axis-cylinder  of  the  nerves,  which  are  prob- 
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ably  the  only  stTUctiiree  direetly  concerned  in  innervation,  are  the  foHnwrnf 
accessary  anatomical  elements:  1,  outer  coverings  surrounding  somenf  thel 
cells;  2^  intercellular,  granular  matter;  3,  peculiar  corpuscles,  called  mj^clo*] 
cjtes;  4,  connective-tissue  elements;  5,  blood-vessels  and  Iji? 

Certain  of  the  cells  in  the  spinal  ganglia  and  in  the  gangi  mihi 

pathetic  system  are  surrounde*!  with  a  covering,  removed  a  certain  distanc* 
from  the  cell  iti^lf  so  as  to  be  nearly  twice  the  diameter  of  the  ccI!      '       . 
continuous  with  the  sheath  of  the  dark-bordered  fibres     Thi^  m* 
always  nucleated  and  is  composed  of  a  layer  of  very  delicate  endotbeiin 
lU  physiological  signiticance  is  not  apparent. 

In  the  gray  matter  of  the  nerve-centres,  there  is  a  finely  granular  rob- 
stance  between  the  cells,  which  closely  resembles  the  granular  contents 
the  cells  themselves.  In  addition  to  this  granular  matter,  Robin  has  > 
scribed  peculiur  anatomical  elements  which  he  called  myelocytes,  llieaii 
found  in  the  cerebn>8pina!  centres,  forming  a  layer  near  the  bound 
the  white  substance,  and  they  are  particularly  ubundant  in  the  ceml 
They  exist  in  the  form  of  free  nuclei  and  nucleated  cells,  the  free  nuclei  1 
ing  by  far  the  more  abundant.  The  nuclei  are  rounded  or  ovoid,  witfc 
strongly  accentuated  borders,  are  unaffected  by  acetic  a<'id,  finely  gninuli 
and  generally  without  nucleoli.  The  cells  are  rounded  or  slightly  polf 
hedrie,  pale,  clear  or  very  slightly  granular,  and  contain  bodies  similar  to! 
free  nuclei.  The  free  nuclei  are  ^^^  to  j^^  of  an  inch  (5  to  Ci  /i)  in  dij 
eter,and  the  cells  measnre  j-^  to  j^^^  and  sometimes  yi^is  *>^  *^  ^^^  (l^ 
12  and  15  ft).     These  elements  also  exist  in  the  second  layer  of  the  retina. 

In  the  cerebro-spinal  centres  there  is  a  delicate  stroma  of  connective  l 
sue,  chiefly  in  the  form  of  stellate,  bmnching  cells,  which  serves  in  a  mea^ 
ure,  to  support  the  nervous  elements.  This  tissue,  which  is  peculiar  to  tlie 
white  substance  of  the  encephalon  and  spinal  cord,  is  called  neuroglia. 

The  blood-vessels  of  the  nerve-centres  form  a  capillary  net-work  witj 
large  meshes.     The  gray  substance  is  richer  in  capillaries  than  tlic  white. 

A  peculiarity  of  the  vascular  arrangement  in  the  cerebro*spinal  ccni 
has  already  been  described  in  connection  with  the  anatomy  of  the  lymphati 
system.     Tlie  blood-vessels  here  are  surrounded  by  what  have  been  eaile 
periviiscular  canals,  first  described  by  Robin  and  afterward  shown  by  111 
and  Robin  to  l>e  radicles  of  the  lymphatic  system. 

CojnposHion  of  the  Xervou^^  Suhiance. — The  chemistry  of  the  nerYo 
substance,  as  far  as  it  is  understood,  throws  little  light  on  its  physiolo 
Certain  albuminoids  have  been  extracted  which  do  not  poss4*ss  niorc^  than  i 
purely  chemical  interest.  The  substance  calleil  cerebri ne  is  comiKJsM.sl 
carbon,  hydrogen,  oxygen  and  nitrogen,  without  cither  sulphur  or  phospho 
Protagon  is  a  nitrogenizcd  substance  containing  phosphorus  (Licbreich,  18rJ 
Ily  some  chemists  protagon  is  thought  to  be  a  mixture  of  cerebrine 
lecetliine,  Lecethine  is  regarded  as  a  nitrogenous  fat.  Other  snbstanc 
which  have  been  extracted — xanthine,  hypoxanthine,  inosite,  creatine 
various  volatile  fatty  acids — have  no  s]>ecial  physiologic^U  interest  connectii 
with  the  nervous  system  and  ai'e  fonnd  in  many  other  situations.     Cfc 
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iiie,  which  always  exists  in  considemble  quantity  in  the  nervous  tissue,  has 
been  considered  in  connect  if  ni  with  the  physiology  of  exeretion.  The  ordi- 
nary fats  are  in  combination  with  other  fats  or  witii  pecuHar  iicid  substances. 
The  reaction  of  nerve-tissue  is  either  neutral  or  fnintly  alkaline  under  normal 
conditions,  soon  becoming  ticid  after  death. 

DetjeneraliOH  and  Rttjenvntiiun  of  S erven. — The  degenerations  observed 
in  nerves  separated  from  the  centres  to  which  they  are  normally  attached, 
first  studiuii  by  Waller,  in  185U,  are  now  used  in  following  out  certain 
nervous  connections  too  ititric^ate  to  be  revealed  by  ordinary  disseetioii. 
This  is  known  as  the  Wallerian  method.  If  an  ordinary  mixed  nerve  be 
divided  in  its  course,  both  the  motor  and  sensory  fibres  of  the  peripheral 
portion  undergo  fatty  degeneration  and  lose  their  excitability.  As  regards 
tlie  spinal  nerves,  degeneration  occurs  in  the  motor  iibres  only,  wlien  the 
anterior  spinal  root  has  been  divided,  and  the  nerve  has  degenerated  tibres 
(motor)  mixed  with  the  sensory  fibres,  which  latter  retain  their  anatomical 
and  physiological  characters.  The  motor  iibres  of  the  sfiinal  nerves  are 
degenerated  when  separated  from  their  connections  with  the  anterior  cornua 
of  gray  matter  of  the  coi-d.  If  the  posterior  roots  of  the  spinal  nerves  be 
divided  beyond  the  ganglia,  the  peripheral  sensory  fibres  <legenerate;  but  if 
the  ganglia  be  exsected,  the  central  as  well  as  the  periplieral  portions  degen- 
erate. These  experiments  show  the  existence  of  centres  which  preside  over 
the  nutrition  of  the  nerves.  The  centres  for  the  motor  filaments  of  the 
spinal  nerves  are  in  tlie  anterior  cornua  of  gray  matter  of  the  cord.  The 
centres  for  the  sensory  fibres  are  the  ganglia  of  the  posterior  roots.  The 
centres  for  the  sensory  cmnial  nerves  are  the  ganglia  on  their  roots;  and 
the  centres  for  the  motor  cranial  nerves  are  probably  the  gray  nuclei  of 
origin  of  these  nerves.  The  Wallerian  metliod  has  been  found  useful  in 
studying  the  pat  lis  of  conduction  in  the  enccphalon  and  spinal  cord,  as  will 
be  seen  in  connection  with  the  physiology  of  these  parts. 

The  excitability  of  the  motor  nerves  disap|iears  in  about  four  days  after 
their  section.  Of  course,  in  experiments  upon  this  point,  it  is  necessary  to 
excise  a  portion  of  the  nerve  to  prevent  reunion  of  the  divided  extremities ; 
but  when  this  is  done,  after  about  the  fonrtli  day,  stimulation  of  the  nerve 
will  produce  no  contmetion  in  the  muscles,  although  the  latter  retain  their 
contractility.  This  loss  of  excitability  is  gradual,  and  it  continues,  whether 
the  nerve  be  exposed  and  stimulated  from  time  to  time  or  be  left  to  itself, 
progressing  from  the  centres  to  the  periphery.  In  the  researches  of  Longet 
upon  this  subject,  it  was  found  that  the  lower  portion  of  the  petl uncles  of  the 
brain  lost  their  excitability  first,  then  the  anterior  columns  of  the  cord,  then 
the  motor  roots  of  the  nerves,  and  last  of  alb  the  branches  of  the  nerves  near 
their  terminations  in  the  musck^s. 

The  sensibility  of  the  sensory  nerves  disappears  from  the  periphery  to 
the  centres,  as  is  shown  in  dying  animals  ami  in  experiments  with  amesthet- 
ics.  The  sensibility  is  lost,  first  in  the  terminal  branches  of  the  nerves,  next 
in  the  trunks  and  in  the  posterior  roots  of  the  spinal  nerves,  and  so  on  to  the 
centres 
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Xerves  that  have  been  divided  may  be  regenerated  if  anAtomiesil  onfai  c|  ] 
the  divided  ends  can  be  obtained;  and  this  sometimes  takes  phee  trittil 
months  after  injury  to  the  nerves,  the  regeneration  occnrriiig  by  Hit  tevi. 
tion  of  new  fibres.  Mixed  nerves  are  regenerated  in  this  way,  imd  ooodiKlitt 
is  finally  restored  in  both  directions.  The  sensory  conduction  a|)pauifm, 
and  next,  the  conduction  of  motor  impulses.  The  restoration  of  tbe  fkjm- 
logical  properties  of  the  nerves  occupies  several  weeks.  The  central  end  of  i 
mixed  nerve  has  been  made  to  unite  with  the  peripheral  end  of  mAkr 
mixed  nerve,  but  it  is  doubtful  whether  a  divided  end  of  a  motor  n«fw  a 
ever  united  to  the  dividetl  end  of  a  sensor}'  nerve.  Experiments  apoo  te 
latter  point  are  not  entirely  satisfactory. 

Motor  axd  Sensory  Xerves. 

Aside  from  the  nerves  pos^^ing  sjieciul  properties,  such  as  the  i 
sight,  hearing,  smell,  taste  and,  a«^ording  to  some  physiologists,  nerrw  < 
touch,  temperature,  sense  of  weight  and  muscular  sense,  the  cerefc 
nerves  present  two  kinds  of  fibres.  These  are  (1)  centrifugal,  or 
fibres,  and  (2)  centripetal,  or  sensory  fibres.  The  motor  fibres  condncl  »• 
pulses  from  the  centres  to  the  muscles  and  excite  muscular  actiodL  Tht  muk- 
sory  fibres  contluct  impressions  from  the  periphery  to  the  oenti^  wluehaif 
appreciated  either  as  ordinary  sensation  or  as  pain.  As  regards  the  mrm 
arising  by  two  root^  from  the  sjnnal  cord,  the  exact  anatomical  and  pkni^ 
logical  divisions  into  motor  and  sensory  were  first  made  by  Magei^die,  m 
IS22.  As  will  be  seen  farther  on,  this  division  is  diitinet  for  the  cmiml 
nerves,  so  that  it  is  universal  in  the  cerebro-spinul  system.  The  importaocv 
of  the  discovery  of  the  distinct  properties  of  the  two  roots  of  the  spukd 
nerves  is  such  that  it  merits  at  least  a  brief  historical  account,  partieiiltrlf 
as  this  discovery  is  quite  generally  attributed  to  Charles  BelL 

The  first  definite  statement  ¥rith  regard  to  distinct  properties  of  the  twii 
roots  of  the  spinal  nerves  was  made  by  Alexander  Walker,  in  184>0,  who ! 
that  the  posterior  roots  were  for  motion  and  the  anterior  roots  fur  i 
the  exact  reverse  of  the  truth. 

In  a  pamphlet  privately  printed  by  Charles  Bell,  probably  in 
"submitted  for  the  observations  of  liis  friends,"  the  view  was  advance 
the  anterior  roots  are  both  motor  and  sensory  and  that  the  p<jstertor  prwik 
over  "  the  seeret  operations  of  the  bodily  frame,  or  the  connections  wbkh 
unite  the  parts  of  the  body  into  a  system." 

In  182^,  Magendie,  as  tbe  result  of  experiments  upon^  the  oxpoeed  rooto 
in  living  dogs,  stated  that  "^^  he  was  able  at  that  time  to  advance  as  pofiitifai 
that  the  anterior  and  the  posterior  roots  of  the  nerfce  which  arise  frmn  tht 
spinal  cord  have  dilferent  fitnctions,  that  the  posterior  seem  more  parties^ 
larly  destined  to  sensibility,  while  the  anterior  se^ni  ninn*  speemt)? 
nected  with  motion*" 

It  is  now  universally  admitted  that  the  mixed  nerves  arising  from  I 
spinal  cord  derive  their  motor  properties  from  the  anterior  roots  ami 
sensory  properties  from  the  posterior  roots. 
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The  anterior  roots  possess  a  certain  degree  of  sensibility  in  addition  to 
their  motor  properties  (Magendie).  This  sensibilitity,  which  is  slight,  is  de- 
riyed  from  fibres  from  the  posterior  roots,  which  turn  back  to  go  to  the  an- 
terior roots.  This  fact  has  been  positively  demonstrated  by  the  Wallerian 
method.  When  a  posterior  root  is  divided  beyond  the  ganglion,  the  sensi- 
bility of  the  corresponding  anterior  root  is  lost,  and  degenerated  fibres  appear, 
after  a  few  days,  in  the  anterior  roots  (Schiif).  This  sensibility  of  the  an- 
terior roots  is  called  recurrent  sensibility.  Similar  relations  are  observed 
between  certain  of  the  motor  and  sensory  cranial  nerves. 

Mode  of  Action  of  the  Motor  Nerves. — As  regards  the  normal  action  of 
the  motor  nerves,  a  force,  the  nature  of  which  is  unknown,  generpted  in  the 
centres,  is  conducted  from  the  centres  to  the  peripheral  distribution  of  the 
nerves  in  the  muscles,  and  is  here  manifested  by  contraction.  Their  mode 
of  action,  therefore,  is  centrifugal.  When  these  motor  filaments  are  divided, 
the  connection  between  the  parts  animated  by  them  and  the  centre  is  inter- 
rupted, and  motion  in  these  parts,  in  obedience  to  the  natural  stimulus,  be- 
comes impossible.  While,  however,  it  is  not  always  possible  to  induce  gen- 
eration of  nerve-force  in  the  centres  by  the  direct  application  of  any  agent  to 
them,  this  force  may  be  imitated  by  stimulation  applied  to  the  nerve  itself. 
A  nerve  that  will  thus  respond  to  direct  stimulation  is  said  to  be  excitable. 

If  a  motor  nerve  be  divided,  electric,  mechanical,  or  other  stimulus  ap- 
plied to  the  extremity  connected  with  the  centres  produces  no  effect ;  but  the 
same  stimulus  applied  to  the  extremity  connected  with  the  muscles  is  fol- 
lowed by  contraction.  The  phenomena  indicating  that  a  nerve  retains  its 
physiological  properties  are  always  manifested  at  its  peripheral  distribution, 
and  these  do  not  essentially  vary  when  the  nerve  is  stimulated  at  different 
points  in  its  course.  For  example,  stimulation  of  the  anterior  roots  near  the 
cord  produces  contraction  in  those  muscles  to  which  the  fibres  of  these  roots 
are  distributed ;  but  the  same  effect  follows  stimulation  of  the  nerve  going  to 
these  muscles,  in  any  part  of  its  course. 

As  far  as  their  physiological  action  is  concerned,  the  individual  nerve- 
fibres  are  entirely  independent ;  and  the  relations  which  they  bear  to  each 
other  in  nervous  fasciculi  and  in  the  so-called  anastomoses  of  nerves  involve 
simple  contiguity.  Comparing  the  nerve-force  to  galvanism,  each  individual 
fibre  seems  completely  insulated ;  and  a  stimulus  conducted  by  it  to  muscles 
never  extends  to  the  adjacent  fibres.  That  it  is  the  axis-cylinder  which 
conducts  and  the  medullary  tube  which  insulates,  it  is  impossible  to  say  with 
positiveness ;  but  it  is  more  than  probable  that  tlie  axis-cylinder  fs  the  only 
conducting  element. 

The  generation  of  a  motor  impulse  may  be  induced  by  an  impression 
made  upon  sensory  nerves  and  conveyed  by  them  to  the  centres.  If,  for 
example,  a  certain  portion  of  the  central  nervous  system,  as  the  s])inal  cord, 
be  isolated,  leaving  its  connections  with  the  motor  and  sensory  nerves 
intact,  these  phenomena  may  be  readily  observed.  An  impression  made 
upon  the  sensory  nerves  will  be  conveyed  to  the  gray  matter  of  the  cord 
and  will  induce  the  generation  of  a  motor  impulse  by  the  cells  of  this  part. 
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which  will  be  conducted  to  the  muscles  and  give  rise  to  oontractioiL  Ait^ 
impulse,  iu  such  observations^  seems  lo  be  reflected  from  the  corf,  tbwigi 
the  motor  nerves^  to  the  musclas  this  action  has  been  called  re^i.  TW 
phenomena  constitute  an  important  dinsion  of  the  physiology  oi  the  mmm 
system  and  will  be  fully  considered  by  themselres* 

Aiisociated  Motetnents, — ^It  is  well  known  that  the  action  erf  rertatii  nu^ 
cles  is  with  difficulty  isolated  by  an  effort  of  the  will.  This  BpfpUm  lo  «li«t 
muscles  u|xm  one  side  of  the  body  and  to  corresponding  miidcl»  upm  tb 
two  sides.  For  example,  it  is  almost  impossible,  without  great  pradkc,  te 
move  some  of  the  fingers,  at  the  same  time  restrainin      '  eitfciof  tW 

others;  and  the  action  of  certain  sets  of  muscles  of  t  i^s  balti^t 

simultaneous.   The  toes,  which  are  but  little  used  as  the  foot  is  oonlxicd  in  Ik 
ordinary  dress,  are  capable  of  very  little  independent  action*   It  ii  diifie^  to 
more  one  eye  without  tlie  other,  or  to  make  rapid  notary  moTementa  cif  mn 
hand  while  an  entirely  different  order  of  movements  is  executed  by  tlie  oibff : 
and  instances  of  this  kind  might  be  multiplied.     In  studying  thi!^  mam* 
ate<i  movement^  the  question  arises  as  to  how  far  they  are  due  to  ihe  ana- 
tomical relations  of  the  nerves  to  the  centres  and  their  connedioQs  vitk 
muscles,  and  how  far  they  depend  upon  habit  and  exercise.     There  maj  k 
certain  sets  of  nerve-cells  connected  with  each  other  by  oommifisiifil  6hm 
and  gi\ing  origin  to  motor  nerves  distributed  to  sets  of  mosclea,  i 
cat  arrangement  that  might  render  a  separate  action  of  these  ceOft  til 
ble.     The  anatomy  of  the  nerve-centres  and  their  connection  with  fibroi  uv 
so  dilBcult  of  investigation,  that  demonstmtive  proof  of  the  existeoo*  o( 
such  systems  is  impraet legible;  but  this  would  afford  a  ready  expkiiilioa il 
the  fact  that  it  is  impossible^  as  a  rule,  by  an  effort  of  the  will^  to  caaae  i 
portion  of  a  single  muscle  to  contract ;  yet  some  of  the  larger  miascfes  i 
a  considerable  number  of  motor  nerve-fibres  which  are  prohablj  < 
with  gray  matter  composed  of  many  anastomosing  nene-ceUs. 

Many  of  the  assoi^^iated  movements  may  be  influenced  to  a 
degree  by  education,  of  which  no  better  example  can  be  found  than  in 
case  of  skillful  performers  upon  certain  musical  instrument^  such  ai  tli^ 
piano^  harp,  riolin  and  otlier  stringed  instruments.  In  tlie  technical  itq 
of  such  instruments,  not  only  does  one  hand  become  almost  independei 
the  otlier,  but  very  complex  associated  movements  may  be  acquired. 
accomplished  pianist  or  violinist  executes  the  different  scales  antonutic 
by  a  single  effort  of  the  will,  and  pianists  frequently  execute  at  the 
time  scales  with  both  hands^  the  action  being  entirely  opposed  to  the  mlttid 
association  of  movements. 

Looking  at  the  associated  movements  in  their  relations  to  tli© 
action  of  the  motor  nerves,  it  seems  probable  that  aa  a  rule,  the  aoatanik 
relations  of  the  nerves  are  such  that  a  motor  impulse  or  an  effort  of 
will  can  not  be  conducted  to  a  portion  only  of  a  muscle.,  but  mufil  act 
the  whole  nmscle^  and   the  name  is  true,  probably,  of  certain 
sets  of  muscles;  but  the  association  of  movements  of  correspond ing 
dea  upon  the  two  sides  of  the  body^  with  the  exception,  perhaps,  of  tite  init»- 
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des  of  the  eyes,  is  due  mainly  to  habit  and  may  be  greatly  modified  by  edu- 
cation. 

Mode  of  Action  of  the  Sensory  Nerves. — The  sensory  nerve-fibres,  like 
the  fibres  of  the  motor  nerves,  are  entirely  independent  of  each  other  in 
their  action;  and  in  the  so-called  anastomoses  that  take  place  between 
sensory  nerves,  the  fibres  assume  no  new  relations,  except  as  regards  con- 
tiguity. 

As  motor  fibres  convey  to  their  peripheral  distribution  the  impulse  pro- 
duced by  a  stimulus  applied  in  any  portion  of  their  course,  so  an  impression 
made  upon  a  sensory  nerve  is  always  referred  to  the  periphery.  A  familiar 
example  of  this  is  afforded  by  the  very  common  accident  of  contusion  of  the 
ulnar  nerve  as  it  passes  between  the  olecranon  and  the  condyle  of  the  hu- 
merus. This  is  attended  with  painful  tingling  of  the  ring  and  little  finger  and 
other  parts  to  which  the  filaments  of  this  nerve  are  distributed,  without, 
necessarily,  any  pain  at  the  point  of  injury.  More  striking  examples  are 
afforded  in  neuralgic  affections  dependent  upon  disease  of  or  pressure  upon 
the  trunk  of  a  sensory  nerve.  In  such  cases,  excision  of  the  nerve  is  often 
practised,  but  no  permanent  relief  follows  unless  the  section  be  made  be- 
tween the  affected  portion  of  the  nerve  and  the  nerve-centres ;  and  the  pain 
is  always  referred  to  the  termination  of  the  nerve,  even  after  it  has  been 
divided  between  the  seat  of  the  disease  and  the  periphery,  leaving  the  parts 
supplied  by  the  nerve  insensible  to  direct  irritation.  In  cases  of  disease  it 
is  not  unusual  to  note  great  pain  in  parts  of  the  skin  that  are  insensible  to 
direct  impressions.  The  explanation  of  this  is  that  the  nerves  are  paralyzed 
near  their  terminal  distribution,  so  that  an  impression  made  upon  the  skin 
can  not  be  conveyed  to  the  sensorium ;  but  the  trunks  of  the  nerves  still 
retain  their  conducting  power  and  are  the  seat  of  diseased  action,  producing 
pain  which  is  referred  by  the  patient  to  the  periphery.  In  the  very  common 
operation  of  restoring  the  nose  by  transplanting  skin  from  the  forehead, 
after  the  operation  has  been  completed,  the  skin  having  been  entirely  sepa- 
rated, and  united  in  its  new  relations,  the  patient  feels  that  the  forehead  is 
touched  when  the  finger  is  applied  to  the  artificial  nose.  After  a  time,  how- 
ever, the  sensorium  becomes  accustomed  to  the  new  arrangement  of  the 
parts,  and  this  deceptive  feeling  disappears. 

There  are  certain  curious  nervous  phenomena,  that  are  not  without  physi- 
ological interest,  presented  in  persons  who  have  suffered  amputations.  It 
has  long  been  observed  that  after  loss  of  a  limb,  the  sensation  of  the  part  re- 
mains ;  and  pain  is  frequently  experienced,  which  is  referred  to  the  ampu- 
tated member.  Thus  a  patient  will  feel  distinctly  the  fingers  or  toes  after 
an  arm  or  a  leg  has  been  removed,  and  irritation  of  the  ends  of  the  nerves  at 
the  stump  produces  sensations  referred  to  the  missing  member.  After  a 
time  the  sense  of  presence  of  the  lost  limb  becomes  blunted,  and  it  may  in 
some  cases  entirely  disappear.  This  may  take  place  a  few  months  after  the 
amputation  or  the  sensations  may  remain  for  years.  Examples  liave  been 
reported  by  Miiller,  in  which  the  sense  was  undiminished  tliirteen,  and  in 
one  case,  twenty  years  after  amputation.     In  a  certain  number  of  cases, 
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however,  the  seo^e  of  the  intermediate  part  u  lost,  the  feeling  in  the  hind  m 
foot,  as  the  ease  may  be,  remaining  as  distiuct  as  ever,  the  impression  baq 
that  the  limb  is  gradually  be«^oming  shorter.     It  was  noted  bv  Gaeniot,  \ 
the  sense  of  the  limb  becoming  shorter  erists  in  about  half  of  the  cases oli 
putation  in  wiiich  cicatrization  goes  on  regularly ;  and  in  these  caee&p  1 
tient  finally  exj)eriences  a  feeling  as  though  the  hand  or  foot  were  ifl 
contact  with  the  stump* 

Phtfsiological  Differences  between  Mohr  and  Sritsortj  Xerre-Fth 
has  not  been  shown  that  there  is  any  essential  anatomiciil  dltferenee 
the  conducting  elements  of  motor  and  sensory  nerve-fibres ;  but  the  [ihyni 
logical  differences  are  sufliciently  distinct,  as  has  already  been  seetL    Und 
normal  conditions,  motor  hbres  conduct  motor  impulses  in  bat  one  dirpctio 
and  these  fibres  are  insensible.     Sensory  fibres  conduct  impressions  alv»Ti< 
the  opposite  direc»tion,  and  they  do  not  conduct  motor  imiiulses.    On 
exjieriments,  however,  have  led  some  physiologists  to  adopt  the  view  that  I 
conducting  properties  of  the  nerves  themselves,  both  motor  and  senary,! 
identical,  and  that  the  dii-ection  of  conduction  depends  upon  tlie  kind  i 
centres  with  wliich  nerves  are  connected.     These  eiperimenta  are  tbei 
lowing : 

It  is  said  that  the  j>eripheral  end  of  a  divided  motor  nerve,  the  sab 
gual,  can  be  made  to  unite  with  the  central  end  of  a  senBory  nerve, 
lingual  branch  of  the  fifth;  and  that  after  a  time  motor  impulses  are  < 
ducted  by  the  sensory  fibres  and  tien^ory  impressions,  by  the  motor  Sbrek 
careful  study  of  these  experiments,  however,  shows  that  the  result*  are  lie 
from  satisfactory. 

Another  experiment  is  grafting  the  end  of  tlie  tail  of  a  rat  into 
sin  of  the  back  (Bert).     Wlien  the  union  has  become  complete,  the  tailj 
ivided  at  it^  root  and  the  sensory  conduction,  after  five  or  six  mouthy  i 
place  in  a  direction  opposite  to  the  normal.     While  this  experiment  may  I 
regarded  as  showing  that  sensory  fibres  may  be  made  to  a^ome  such  I 
tions  with  other  sensory  fibres  aa  to  change,  after  a  time,  the  direction 
conduction^  it  has  no  absolutely  direct  licaring  apon  the  question  of 
physiological  identity  of  motor  or  sensory  fibres. 

The  experiments  just   mentioned  seldom  succeed,  and   the  resiilti  >. 
union  of  motor  with  sensory  nerves  are  quite  indefinite;  but  the  divi 
ends  of  mixed  nerves  readily  reunite,  and  it  is  not  difficult  to  estAbli 
union  between  the  central   and   i)eriphenil   ends  of  two  different  mil 
nerves.     It  is  hardly  reasonable  to  assume  that  in  these  instances,  each  j 
every  divided  end  of  a  motor  fibre  selects  another  motor  fibre  with  which 
unites,  and  that  the  same  occurs  witli  sensory  fibres;  but  it  would  seem  tl 
in  a  tl  ivided  mixed  nerve,  a  certain  number  of  fibres  of  each  kind  mxA 
unite  with  certain  fibres  that  have  similar  physiologic^  projR*rties.    Co 
plete  physiological  regeneration  of  divided  nerves  is  always  slow,  and 
quently  the  regeneration  never  becomes  complete.     The  fact,  aIso, 
curare  destroys  the  physiologiciil  properties  of  motor  nerves,  lea\ing  the  i 
8ory  nerves  intact,  has  a  very  ijnp<3rtant  bearing  upon  the  question  ue 
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consideration ;  and  anaesthetics  temporarily  abolish  the  physiological  proper- 
ties of  the  sensory  nerves  without  necessarily  aifecting  the  motor  nerves. 

Until  the  results  of  experiments  upon  the  artificial  union  of  motor 
and  sensory  nerves  become  much  more  positive  than  they  now  are,  it  must 
be  assumed  that  these  two  kin^  of  nerve-fibres  have  distinct  physiological 
properties,  both  as  regards  the  kind  of  impulse  or  impression  produced  by 
excitation  or  stimulation  and  the  direction  of  conduction.  It  is  possible, 
however,  that  these  properties  may  be  modified  by  altered  relations  for  a 
long  time  with  the  trophic  centres  that  influence  the  nutrition  of  the  differ- 
ent kinds  of  nerve-fibres. 

Nervous  Excitability. — Immediately  or  soon  after  death,  when  the  excit- 
ability of  the  nerves  is  at  its  maximum,  they  may  be  stimulated  by  mechani- 
cal, chemical  or  galvanic  irritation,  all  of  these  agents  producing  contraction 
of  the  muscles  to  which  the  motor  filaments  are  distributed.  Mechanical  irri- 
tation, simply  pinching  a  portion  of  the  nerve,  for  example,  produces  a  single 
muscular  contraction ;  but  if  the  injury  to  the  ner>'e  be  such  as  to  disorgan- 
ize its  fibres,  that  portion  of  the  nerve  will  no  longer  conduct  an  impulse. 
Among  the  irritants  of  this  kind,  are  extremes  of  heat  and  cold.  If  an  ox- 
posed  nerve  be  cauterized,  a  vigorous  muscular  contraction  follows.  The 
same  effect,  though  less  marked,  may  be  produced  by  the  sudden  application 
of  intense  cold.  Among  chemical  reagents,  there  are  some  which  excite  the 
nerves  and  others  which  produce  no  effect ;  but  these  are  not  important  from 
a  physiological  point  of  view,  except  common  salt,  which  is  sometimes  used 
when  it  is  desired  to  produce  tetanic  action.  Mechanical  stimulation  and 
the  action  of  certain  chemicals  are  capable  of  exciting  the  nerves ;  but  when 
their  action  goes  so  far  as  to  disorganize  the  fibres,  the  conducting  power  of 
these  fibres  is  lost.  While,  however,  irritation  of  the  nerve  above  the  point 
of  such  injury  has  no  effect,  stimulation  between  this  point  and  the  muscles 
is  still  followed  by  contraction. 

The  most  convenient  method  of  exciting  the  nerves  in  physiological  ex- 
periments is  by  means  of  electricity.  This  may  be  employed  without  dis- 
organizing the  nerve-tissue,  an^  it  consequently  admits  of  extended  and 
repeated  application.  The  action  of  electricity,  however,  with  the  methods 
of  preparing  the  nerves  and  muscles  for  experimentation,  will  be  considered 
under  a  separate  head. 

Rapidity  of  Nervous  Conduction, — The  first  accurate  estimates  of  the 
rapidity  of  nervous  conduction  were  made  by  Ilelmholtz,  in  1850,  and  were 
applied  to  the  motor  nerves  of  the  frog.  These  estimates  were  arrived  at  by 
an  application  of  the  graphic  method,  which  was  afterward  considerably  ex- 
tended and  improved  by  Marey.  Tlie  process  employed  by  Marey,  wlii(;h  is 
essentially  the  same  as  that  used  in  all  recent  investigations,  is  the  following : 

To  mark  small  fractions  of  a  second,  a  tuning-fork  vibrating  at  a  known 
rate  (five  hundred  times  in  a  second)  is  so  arranged  that  a  point  connected 
with  one  of  its  arms  is  made  to  play  against  a  strip  of  blackened  paper.  As 
the  paper  remains  stationary,  the  point  makes  but  a  single  mark  ;  but  when 
the  paper  moves,  as  the  point  vibratt^s  a  line  is  produced  with  regular  curves. 
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each  cuire  representing  j^^  of  a  second.  If  a  lemer  be  attacbvd  to  ■  mmin 
iind  be  so  arranged  as  to  indicate  upon  the  paper,  moring  al  ihr  aunt  n^ 
the  instant  when  contraction  takes  place^  it  is  evident  that  the  ititenil  b» 
tween  two  contra(*tions  produced  by  simulating  the  nerre  at  ttifferei^  ponili 
in  its  course  may  Ik?  accurately  measured  :  and  if  the  length  ol  the  nem  W 
tween  the  two  points  of  stimulation  be  known,  the  differenice  m  tine  iffl 
repre«!ent  the  rate  of  nervous  conduction.  In  exywriraents  upon  fmgs,  tin 
leg  is  prepared  by  cutting  away  the  mnscles  and  bone  of  the  **  *  "^'  i.^r-*.- 
the  nerve  attached.     The  lever  is  then  applied  to  tlie  mui^des  •  _ 

the  nerve  is  stimulated  successively  at  two  points,  the  distance  beiwcoii  linn 
being  raejisured. 

Emplopng  the  myograph  of  Marey,  Baxt,  in  the  laboratonr  of  Helmlioltt, 
succeeded  in  measuring  the  rate  of  nervous  conduction  in  the  huniaBitt^ 
ject.  In  these  eij)eriment«,  the  swelling  of  the  muscle  during 
was  limited  by  enclosing  the  arm  in  a  plaster-mouldy  and  the 
wa^  observed  through  a  small  opening.  By  then  exciting  the  contractioQ  Iff 
stimulating  the  HRlial  nerve  successively  at  different  distances  from  themtt»- 
cle,  the  estimate  was  made.  The  rate  in  the  human  mibject  waa  tlins  esti- 
mated at  one  hundred  and  eleven  feet  (33'9  metres)  per  second. 

The  method  used  in  determining  the  rate  of  conduction  in  motor  netm 
— an  estimation  of  the  ditference  in  time  of  the  passage  of  a  stimnliu  applied 
to  a  nerve  at  two  points  situated  at  a  known  distance  from  each  other— btt 
been  applied  to  the  conduction  of  sensations.  Hirsch  made  the  first  alt£iupt 
to  solve  this  question,  in  1861.  He  employed  the  delicate  chronometric  Id- 
struments  used  in  astronomy  and  noted  the  ditference  in  time  between  ih 
appreciation  of  an  impression  made  upon  a  part  of  the  hftdj  far  removt^i 
from  the  brain,  as  the  toe,  and  an  impression  made  upon  the  cheek*  TKl* 
process  admitted  of  a  rough  estimate  of  about  one  hundred  and  olevin  fttt 
(33'd  metres)  per  second  as  the  rate  of  sensory  conduction. 

It  is  not  necessary  to  describe  fully  the  complicated  a]  h- 

of  which  the  most  recent  estimates  of  the  rate  of  nervoii-  ri:i\t 

been  made.    The  general  results  of  the  observations  of  Helmholts^  Maw, 
Baxti  Schleske  and  of  many  others  nearly  correspond  with  the  estimates  jart 
given*  and  they  show  that  the  rate  is  about  the  same  for  motor  and  senaon 
nenes*     This  rate  is  modified  by  various  conditions.     It  is  dimjnisiu*ii  iit^ 
the  anelectrotonic  and  increased  in  the  catelectrotonic  c<»nditi0Q  of  uervm  ■ 
In  tlie  frog  Helm  hoi  tz  observed  tliat  the  rate  was  very  much  rednoHl  l^ 
cold,  at  3'^°  Fahr.  (C^  C.)  being  not  more  than  one-tenth  as  rapid  as  al  (iif 
or  70^  Fahr.  (15*5**  or  2111°  C), 

The  rate  of  transmission  of  impulses  and  impremons  through  the  ^piiial 
cord  has  been  investigated  by  calculating  the  distances  between  t»err«  m 
they  are  given  off  at  different  points  and  measuring  the  time  reqaired  for 
the  appreciation  of  certain  impressions  and  the  beginning  of  certaiJi  motr- 
ments  (Burkhardt),    While  these  obsenations  are  not         *  their 

general  results  are  of  considerable  physiological  interest  tturk- 

hardt^the  rate  of  motor  conduction  in  the  cord  is  about  one-third  of  thenar- 
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tnal  rate  in  the  motor  nerves.  As  compared  with  the  sensory  nerves,  the 
cord  conducts  tactile  impressions  a  little  faster  and  painful  impressions  less 
than  one  half  as  fast. 

Attempts  have  been  made  to  estimate  the  duration  of  acts  involving  the 
central  nervous  system,  such  as  the  reflex  phenomena  of  the  spinal  cord  or 
the  operations  of  the  cerebral  hemispheres.  These  have  been  partially  suc- 
cessful, or,  at  least,  they  have  shown  that  the  reflex  and  the  cerebral  acts 
require  a  distinctly  appreciable  period  of  time.  This  in  itself  is  an  impor- 
tant fact ;  although  the  duration  of  these  acts  has  not  been  measured  with 
absolute  accuracy.  As  the  general  result  of  experiments  upon  these  points, 
it  has  been  found  that  the  reflex  action  of  the  spinal  cord  occupies  more  than 
twelve  times  the  period  required  for  the  transmission  of  stimulus  or  impres- 
sions through  the  nerves.  Bonders  found,  in  experiments  upon  his  own 
person,  that  an  act  of  volition  required  ^  of  a  second,  and  one  of  simple 
distinction  or  recognition  of  an  impression,  ^  of  a  second.  These  esti- 
mates, however,  are  merely  approximate,  and  until  they  attain  greater  cer- 
tainty, it  is  unnecessary  to  describe  in  detail  the  apparatus  employed. 

PersofKil  Equation, — In  recording  astronomical  observations,  it  has  been 
found  that  a  certain  time  elapsed  between  the  actual  observation  of  a  phe- 
nomenon and  the  moment  of  its  record.  This  error,  which  is  equal  to  the 
inter>'al  of  time  between  the  impression  made  upon  the  retina  and  the  mus- 
cular act  by  which  a  record  is  made,  is  not  the  same  in  different  persons  or 
even  in  the  same  person  at  all  times.  It  may  amount  to  ^  of  a  second  or 
even  more,  and  it  may  be  as  low  as  -j^j^  of  a  second.  If  this  difference  be  due 
to  different  rates  of  nervous  conduction,  and  not  entirely  to  variations  in  the 
rapidity  of  mental  operations,  it  is  evident  that  the  velocity  of  the  nerve-cur- 
rent must  vary  very  considerably  in  different  individuals. 

Action  of  Electricity  upon  the  Nerves. — So  long  as  the  nerves  retain  their 
excitability  and  anatomical  integrity,  they  will  respond  to  properly  regulated 
electric  stimulus.  Experiments  may  be  made  upon  the  exposed  nerves  in 
living  animals  or  in  animals  just  killed ;  and  of  all  classes,  the  cold-blooded 
animals  present  the  most  favorable  conditions,  on  account  of  the  persistence 
of  nervous  and  muscular  excitability  for  a  considerable  time  after  death. 
Experimenters  most  commonly  use  frogs,  on  account  of  the  long  persistence 
of  the  physiological  properties  of  their  tissues  and  the  facility  with  which 
certain  parts  of  the  nervous  system  can  be  exposed.  For  ordinary  experi- 
ments upon  nervous  conduction,  the  parts  are  prepared  by  detaching  the 
posterior  extremities,  removing  the  skin,  and  cutting  away  the  bone  and 
muscles  of  the  thigh,  so  as  to  leave  the  leg  with  the  sciatic  nerve  attachod. 
A  frog's  leg  thus  isolated  presents  a  nervous  trunk  one  or  two  inches  ("25  or 
50  mm.)  in  length,  attached  to  the  muscles,  which  will  respond  to  a  feeble 
electric  stimulus.  It  is  by  experiments  made  upon  frogs  prepared  in  this 
way  that  most  of  the  important  facts  with  regard  to  the  action  of  electricity 
upon  the  nervous  system  have  been  developed. 

In  physiological  experiments  it  is  sometimes  necessary  to  use  different 
forms  of  electrical  apparatus    in  order  to  study  different  properties  and 
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phenomena  of  nerve  and  muscte.  A  full  description  of  the  qFptmfag  tim  ] 
used  would  be  out  of  place  in  this  work,  and  it  will  be  neoeaau^  only  H 
enumerate  and  describe  the  different  currents  used  and  the  nsaniier  of  thar 
application.  Many  of  the  phenomena,  also,  described  by  elect  rD-pbv^**W 
gists,  although  curious  and  interesting,  have  little  apparent  application  to 
human  physiology  or  to  the  pi-actice  of  medicine,  A  description  of  mrii 
plienomena  may  well  be  very  brief  in  a  work  for  the  use  of  students  and 
practitioners  of  medicine. 

In  studying  t)ie  action  of  nerve  and  muscle,  observers  often  u&b  what  u 
called  a  single  Faradic,  or  induction  shock.  The  duration  of  thia  sSamnloi 
is  about  Yh-^  (0'CK>08)  of  a  second  (Helraholtz),  The  excitation,  thereforHr 
is  practically  instantaneous.  These  single  shocks  are  produced  by  Dn  Boi^^  | 
Revmond's  apparatus,  trhich  is  a  modification  of  the  Faradic,  or  in«lad20Q 
battery.  It  will  be  seen  farther  on  that  somewhat  diiferent  effwts  are  pro- 
duced by  the  stimulus  due  to  closing  and  opening  the  circuit,  and  that  Yith 
a  feeble  current,  no  contractions  occur  at  any  other  time,  Tlie  contfuctiaia  ' 
thus  produced  are  known  rejspectively  as  opening  and  closing  contiicdoitt. 
By  the  use  of  Du  Bois-Reymond*s  keys,  either  the  closing  or  the  opemug ex- 
citation may  be  diverted  from  the  nerve,  and  a  single  closing  or  opening 
shock  may  be  applied  at  will. 

What  is  commonly  known  as  an  interriipted  current  is  a  Faradic^  or  in- 
duced current,  in  which  the  closing  and  opening  excitations  follow  eath 
other  with  greater  or  less  rapidity,  and  the  intervals  may  be  regulatai  »} 
that  they  occur  at  a  regular  rate.  A  rapid  succession  of  in d actio D-slw>cb 
produces  a  more  or  less  prolonged  muscular  action,  cidled  tetanic  continc- 
tion.  The  number  of  successive  shocks  in  a  second,  required  to  produce  a 
tetanic  condition  of  a  muscle,  varies  in  different  animals  and  in  diffocot 
muscles  in  the  same  animah  The  minimum  seems  to  be  about  sixteen  per 
second,  with  a  very  considerable  range  of  ^^riation.  Very  rapid  «limtiEt 
even  more  than  24,O0C>  |ier  second,  will  prcxluce  tetanic  contraction. 

Tlie  Faradic,  or  induced  current  h  different  in  ita  effects,  under  certain 
conditions  of  tlie  nerves  and  muscles,  from  an  interrupted  gal^'anie,  or  pri- 
mary current  This  question  is  important  in  practical  medicine,  in  defcei* 
mining  the  so-called  ''  reliction  of  degeneration  "  of  nerve  and  mu^le. 

The  constant  current,  under  certain  conditions,  has  no  effect  that  k  in- 
dicated by  muscular  phenomena,  contraction  occurring  only  on  eloping  of 
opening  the  circuit.     This  is  known  as  the  galvanic,  or  primary  currmil 
It  pro<iuces,  however,  a  peculiar  condition  of  nerves  and  muscles,  which  wm\ 
be  described  under  the  head  of  electrotonns»     The  primary  current  is  dM 
rived  directly  from  the  cells  of  a  galvanic  Ijattery,  and  this  is  to  be  distix 
guished  from  the  Faradic,  or  induced  current     The   Faradic  current 
induced  in  a  coil  of  small,  Insulated  wire  brought  near  and  parallel  U>  an 
partly  or  entirely  surrounding  a  coil  of  larger  wire  carrying  the  prii 
current.     When  the  circuit  of  the  primaiy  current  is  ek»9ed,  the  directio 
of  the  induced  current  is  the  reverse  of   that  of   the  primary  ctureiHl^ 
When  the  primary  circuit  is  opened,  the  induced  current  has  tba 


J 


ACTION  OF  ELECTRICITY  UPON  THE  NERVES. 


531 


direction  as  the  primary  ciiri^nt.  The  ilirection  of  the  primary  current  is 
uniform,  but  the  tlireL'tion  of  the  indiioed  current  alternates  with  every  m- 
terniption  of  the  primary  current.  These  induced  currents  are  of  momen- 
tary duration,  being  produced  only  when  the  primary  current  is  closed  and 
opened.  A  rapid  interruption  of  the  primary  current  is  produced  by  what 
is  called  a  rheotome,  or  current-interrupter,  svluch  is  attached  to  all  induc- 
tion-batteries. 

The  points  or  surfaces  used  in  closing  a  circuit  in  which  a  portion  of 
nerve  or  muscle  is  includeci  are  called  electrodes*  They  are  usually  desig- 
nated  as  the  copper,  or  poi^itive  electrode  or  pole,  and  the  zinc,  or  negative 
electrode  or  pole.  The  positive  pole  is  also  called  the  anode,  and  the  nega- 
tive  pole,  the  cathode.  The  direction  of  the  current,  when  the  circuit  is 
closed,  is  from  tlie  anode  to  the  cathode. 

When  a  galvanic  current  is  pa^acd  through  a  lir|uid  or  a  moist,  animal 
tissue,  decomposition  occurs,  by  what  is  known  as  electrolysis  or  internal 
polarization.  The  results  of  this  decomposition,  called  ions,  are  of  course 
different  in  diiferent  liquids  or  moist  tissues.  These  ticcumulate  at  the  poles 
and  after  a  time  disturb  the  currents  and  the  phenomena  produced.  In  ani- 
mal tissues,  acids  ac^cumuhite  at  the  anode,  and  alkalies,  at  the  cathode.  The 
ions  wdiich  go  to  the  anode  are  called  anions,  and  those  which  accumulate  at 
the  cathode  are  called  cations.  In  piiysiologicd  experiments,  it  is  often  de- 
sirable to  eliminate  electrolysis,  or  internal  jjolarimtion,  and  this  m  done  by 
using  the  non-polarizahle  electrodes  devised  by  Du  Bois*Keymond.  These 
may  be  described  as  follows :  '*  The  researches  of  Regnault,  Matteucci  and 
Da  BoiS'Reymond  have  proved  that  snch  electrodes  can  be  made  by  taking 
two  pieces  of  carefully  amalgamated  pure  zinc  wire,  and  dip|)ing  tliese  in 
a  saturated  solution  of  zinc  suljihate  contained  in  tubes,  their  lower  ends 
being  closed  by  means  of  modeller- s  clay,  moistened  with  a  0*6  per  cent 
normal  saline  solution.  The  contact  of  the  tissues  with  these  electrodes 
does  not  give  rise  to  polarity."     (Landois  and  .Stirling.) 

It  is  evident  that  tlie  galvanic  current  may  be  applied  to  a  nerve  ao  that 
the  direction  may  in  the  one  ease  follow^  the  course  of  the  nerve,  that  is, 
from  the  centre  to  the  periphery,  and  in  the  other,  he  ojyposite  to  the  course 
of  the  nen'e.  These  have  been  called  respectively  descending  and  ascending 
currents.  When  the  positive  pole  (copper)  is  placed  nearer  the  origin  of  the 
nerve,  and  the  negative  pole  (zinc),  below  this  point  in  the  course  of  the 
nerve,  the  galvanic  current  follows  the  normal  direction  of  the  motor  con- 
duction, and  this  is  called  the  descending  current.  When  the  poles  are  re- 
versed and  the  direction  is  from  the  j>eriphery  toward  the  centre,  it  is  called 
the  ascending  current.  It  will  be  cuuvcnient  to  speak  of  these  two  currents 
respectively  as  descending  and  ascending,  in  detailing  experiments  upon  the 
action  of  electricity  upon  the  nerves. 

The  points  to  be  noted  with  regard  to  the  effects  of  the  application  of 
electricity  to  an  exposed  nerve  are  the  action  of  constant  currents,  the  phe- 
nomena observed  on  closing  and  opening  the  circuit,  and  tlie  effects  of  an 
interrupted  current. 
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During  the  passage  of  a  feeble  constant  corrent  throagh  A  fierf«,  m 
ever  be  iu  direction^  there  are  no  eonvuleive  moTements  and  no  evidaiii 
pain.  ThU  fact  has  long  been  recogniseil  by  phjsioIogi^U,  vrbo  it  Ibst  H^ 
ited  the  effects  of  electricity  upon  the  nerves  to  two  periods,  ana  al  thi  olo»^ 
ing  of  the  circuit  and  the  other  at  its  opening.  It  will  be  fieeo,  bowevo^  tte 
the  passage  of  electricity  through  a  portion  of  a  nerroiia  tmiik  pmdiioai  § 
peculiar  condition  in  the  nerve,  which  has  lieen  deeenbed  under  tile  ■«» 
of  electrotonu^ ;  but  the  fact  remains  that  neither  motioa  nor 
excited  in  a  mixed  nerre  during  the  actual  passage  of  a  feeble  oooitaiil 
rent. 

Law  of  Coniracimi. — ^AU  who  have  experimented  upon  the 
galvanism  upon  the  nerves  have  noted  the  fact  alluded  to  above,  that  oio- 
traction  occurs  only  on  closing  or  on  opening  the  circuit.  Take,  for  cam- 
ple, a  frog's  leg  prepared  with  the  nerve  attached :  Place  one  pole  of  a  ((at* 
vanic  apparatus  on  the  nerve  and  then  make  the  connection,  ixudhiaf  i 
portion  of  the  nerve  in  the  circuit.  With  the  feeblest  current,  contivelm  as 
curs  only  on  closing  the  circuit.  With  what  is  called  the  **  weak  **  ctimat 
(Pfluger),  contraction  occurs  only  on  closing  the  circuit,  for  cofreau  10 
either  direction.  With  the  "'  moderate  "  current,  contraction  occma  both  00 
closing  and  on  opening  the  circuit,  fur  currt*nts  in  either  directioiL  WA 
the  •*  strong "  current,  contraction  occurs  only  on  closing  the  cininit,  vitk 
the  descending  current,  and  only  on  opening  the  circuit,  with  the 
current.  The  above  phenomena  constitute  what  is  called  Pfliiger^s  *  lav 
contraction.'*     The  explanations  of  this  law  are  the  f  - : 

The  stimulus  which  gives  rise  to  the  closing  cor^  occara  at 

cathode,  when  the  electro  tonus  produced  by  the  passage  of  ilia  controt 
gins.  The  stimulus  which  produces  the  oijening  contraction  occois  al 
anode,  when  the  electrotonu^  disapfiears.  The  impulse  is  always 
when  the  electrotonus  begins  than  when  it  disapi)ears.  Then?fore,  when  ll* 
current  is  so  feeble  that  but  one  contraction  is  produced,  this  cootncfiioo 
occurs  only  on  closing  the  circuit,  for  Ijoth  ascending  and  descending  cmrartl 

With  the  *"^  moderate  "  current,  the  strength  of  the  opening  impoke  i» 
sufficient  to  produce  a  contraction  ;  and  contractions  therefore  occur  botkoftj 
opening  and  closing  the  circuit,  for  both  ascending  and  descendiner  eam^nl 

Strong  currents  produce  closing  contraction  with  the  dest"  rrenlfl 

for  the  reason  that  the  current  destroys  the  conducting  power  u.  ^  ortioa 

of  the  nerve  included  between  the  poles  of  the  battery,  and,  the  stimnltii 
occurring  only  at  the  cath*3de  (see  above),  and  the  cath<>«le  b<*ing  applkd  to 
that  portion  of  the  ner\e  nearest  the  muscle,  the  clo^fing  tmpulea  only  » 
conveyed  to  the  muscle.  The  opening  impulse  (at  the  anode)  is  cut  off  tM^ 
the  muflcle  by  the  loss  of  conducting  f>ower  in  the  ir  *  tioo  of  ti» 

nerve.     With  the  ascending  current,  the  opening  iiii.  rlngnXthf 

anode,  which  is  nearest  the  muscle,  produces  an  opening  contraction,  aixi 
the  closing  impulse,  which  is  at  the  cathode,  is  not  conducted  to  the  mttack* 

While  the  constant  current  does  not  usually  excite  contiacuona  diiftaf 
the  time  of  its  }>assage  through  a  nerve,  with  a  certain  strength  oi  cvaMlk 
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the  muscle  is  thrown  into  a  tetanic  condition.  This  is  called  "  closing  teta- 
nus," AVhen  a  constant  current,  not  of  eiiflicient  strength  to  produce  closing 
tetanus,  is  passe^l  for  severiil  minutes  through  a  long  extent  of  nerve,  a  very 
vigorous  contraction  occurs  on  opening  the  circuit,  which  is  followed  by  teta- 
nus lasting  for  several  seconds.  This  ia  called  **  opening  tetanus.'*  After  a 
time,  this  varying  with  the  excitability  of  tlie  nerve  and  tlie  strength  of  the 
current,  the  descending  current  will  destroy  the  nervous  excitability,  but  it 
may  be  restored  by  repose,  or  more  quickly  by  the  passage  of  an  ascending 
current.  If  the  ascending  current  be  paased  iiiiBt  for  a  few  seconds,  a  con- 
traction follows  the  opening  of  the  circuit ;  and  this  contraction,  within  cer- 
tain limits,  is  more  vigorous  the  longer  the  current  is  paased.  At  the  same 
time,  the  prolonged  passage  of  the  ascending  current  increases  the  excitabil- 
ity of  the  nerve  for  any  kind  of  stimulus. 

After  a  certain  time,  which  varies  in  different  animals,  the  nervous  excita* 
bility  becomes  somewhat  enfeebled  by  exposure  of  the  parts.  The  phenom- 
ena then  observed  belong  to  the  conditions  involved  in  the  process  of  '*  dying  " 
of  the  nerve.  In  the  later  stages  of  this  condition,  the  phenomena  may  be 
formulated  as  follows : 

If  the  sciatic  nerve  attached  to  the  leg  of  a  frog,  prepared  in  the  usual 
way  for  such  experiments^  be  subjected  to  a  feeble  galvanic  current^  there  is 
a  time  when  muscular  contraction  takes  place  only  at  the  instant  when  the 
eirciut  is  closed,  no  contraction  occurring  when  tlie  circuit  is  opened ;  and 
this  occurs  only  with  the  descending  current.  With  the  ascending  euiTeut, 
contraction  of  the  muscles  occurs  only  when  the  circuit  is  opened  and  none 
takes  place  when  the  circuit  is  closed.  These  phenomena  are  distinct  after 
the  excitability  of  the  parts  has  become  somewhat  dimiuished  by  exposure  or 
by  electric  stimulation  of  the  nerve. 

If  a  Butficiently  powerful  constant  current  Ix^  passed  through  a  nerve,  dis- 
ranization  of  its  tissue  takes  place,  and  the  nerve  linally  loses  its  excita- 
Bility,  tis  it  does  when  bruised,  ligatured,  or  when  its  structure  is  destroyed 
in  any  other  way.  It  was  thought  by  Galvani,and  the  idea  luis  been  adopted 
by  Matteucci,  (Tuerard  and  Longet,  that  a  current  directed  exactly  acrosjs  a 
nerve,  so  as  to  pass  at  right  angles  to  its  fibres,  d<_»es  not  give  rise  to  muscular 
contrjictlon.     This  view  is  generally  accepted  by  physiologists. 

The  muscular  contraction  produced  by  electric  stimulation  of  a  nerve  is 
more  vigorous  the  greater  the  extent  of  the  nerve  included  between  the  jkjIcs 
of  the  battery,  Mliis  fact  lias  long  been  oliserved,  and  its  accuracy  may  eaiiilv 
be  verified.  It  would  naturally  be  expected  that  the  greater  the  amount  of 
stimulation,  the  more  marked  woidd  be  tfie  muscular  action;  and  the  stinni- 
lation  seems  to  be  inercjised  in  projKjrtion  to  the  extent  of  nerve  thr^^jugh 
which  the  current  is  made  to  jiass. 

The  excitability  of  a  nerve,  it  is  well  known,  may  be  exhausted  by  the 
repeate<l  application  of  electricity,  whatever  be  the  direction  of  the  current, 
and  it  is  more  or  less  completely  restored  by  repose.  When  it  has  betm  ex- 
hausted for  the  descending  current,  it  will  resfMind  to  the  iiscendiug  current, 
and  vice  versd  ;  and  a^t^r  it  has  been  exhausted  by  the  descending  current, 
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it  is  restored  more  promptly  by  stimulation  with  the  ascending  cur 
by  absolute  refiose,  und  vire  versa.    This  pbenomenoa,  observed  br  \^d 
known  vk&  '*  voltaic  alternation." 

Many  of  the  phenomena  ilhistrating  the  law  of  contraction  may  be  uIk 
rved  without  the  use  of  complicate  apparatus,    A  form  of  battery,  frrr 

convenient  for  some  of  these  ei 
is  the  one  described  by  Bernard.  It 
aisti  eimply  of  alternate  co]>pt*r  and  m 
wires  wound  around  a  inenH?  of  wimkJ  i 
in  the  form  of  a  horseshoe  and  temirnatm 
in  two  platinum  points  representing  tli 
positive  and  negative  i>olea.  This  fonmi 
sort  of  electric  forceps,  about  ei^bt  iucht^ 
(20  centimetres)  long*  which,  when  moisi^j 
ened  with  water  slightly  aeididated  vii 
acetic  acid,  will  give  a  constant  curreiitc 
about  the  required  strength. 

The  law  of  contraction  is  applicfthV  1 
inhibitorv' nerves, as  the  inhibitor)^  uent^« 
the   heart,  the   difference   being  thai 
stimulation  produces  inhibition  ini^teidi 


Fill,  im.'-'Eiectrie  fom^  OiigeoteK 
c,  copper;  t^slDc 
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contraction.     It  also  holds  good  for  sensory  nerves,  the  effects  being  ol 
by  noting  the  reflex  contractions  produced  (Pfliiger). 

A  peculiar  phenomenon,  discovered  by  Matteucci*  has  been  called  ** 
duced  muscidar  contraction.**     If  the  ner\e  of  a  galvanoscopic  frog's  leg 
placed  in  contact  with  the  muscles  of  another  leg  prepared  in  the  flam€ 
stimulation  of  the  nerve,  giving  rise  to  contraction  of  the  muscles  with  whick 
the  nerve  of  the  first  leg  is  in  contact,  will  induce  contraction  in  the  mosdei 
of  both.     This  experiment  may  be  extended,  and  contractions  may  thus 
induced  in  a  series  of  legs,  the  nerve  of  one  being  in  contact  with  the 
cles  of  another.     It  is  shown  that  "induced  contraction '' is  not  due 
actual  propagation  of  the  electric  current  but  to  a  stimulus  attending 
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muscular  contraction  itself,  by  the  fact  that  the  same  phenomena  occur  when 
the  first  muscular  contraction  is  produced  by  mechanical  or  chemical  excita- 
tion of  the  nerve. 

Galvanic  Current  from  the  Exterior  to  the  Cut  Surface  of  a  Nen^e. — Be- 
fore studying  certain  phenomena  presented  in  nerves  of  which  a  portion  is 
subjected  to  the  action  of  a  constant  galvanic  current,  it  is  important  to  note 
the  fact  that  there  exists  in  the  nerves,  as  in  the  muscles,  a  galvanic  current 
irith  a  direction  from  the  exterior  to  the  cut  surface.  It  has  been  roughly 
estimated  that  the  nerve-current  has  one-eighth  to  one-tenth  the  intensity  of 
the  muscular  current  (Matteucci).  The  existence  of  the  nerve-current  has, 
as  far  as  is  known,  no  more  physiological  significance  than  the  analogous 
fact  observed  in  the  muscular  tissue.  Galvanic  currents  also  exist  in  the 
Bkin  and  in  mucous  membranes,  the  direction  being  from  the  outer  surface, 
which  is  positive,  to  the  inner  surface,  which  is  negative. 

Electrotonus^  Anelectrotonus  and  Catelectrotonun, — When  a  constant  gal- 
vanic current  is  passed  through  a  portion  of  a  freshly  prepared  nerve,  a  large 
part  of  the  entire  nerve  is  brought  into  a  peculiar  electric  condition  (Du 
Bois-Reymond).  While  in  this  state,  the  nerve  will  deflect  the  needle  of  a 
galvanometer,  and  its  excitability  is  modified.  The  deflection  of  the  needle 
in  this  instance  is  not  due  to  the  normal  nerve-current,  for  it  oecura  when 
the  galvanometer  is  applied  to  the  surface  of  the  nerve  only.  It  is  due  to 
an  electric  tension  of  the  entire  nerve,  induced  by  the  passage  of  a  current 
through  a  portion  of  its  extent.  This  condition  is  called  electrotonus.  There 
is  also  a  peculiar  condition  of  that  portion  of  the  nerve  near  the  anode, 
differing  from  the  condition  of  the  nerve  near  the  cathode.  Near  the  anode 
the  excitability  of  the  nerve  is  diminished,  and  this  condition  is  called  ane- 
electrotonus.  Near  the  cathotle  the  excitability  is  increased,  and  this  condi- 
tion is  called  catelectrotonus  (Pfliiger).  These  phenomena  have  lx)en  the 
subject  of  extended  investigation  by  electro-physiologists ;  and  although  the 
conditions  are  not  to  be  included  in  the  physiological  properties  of  the 
nerves,  they  have  considerable  pathological  and  therapeutical  importanc^e. 
It  is  well  known,  for  example,  that  electricity  is  often  one  of  the  most  effi- 
cient agents  at  command  for  the  restoration  of  the  properties  of  nerves 
affected  with  disease;  and  the  constant  current  has  been  extensively  and 
successfully  used  as  a  therapeutical  agent.  The  constant  current,  in  restoring 
the  normal  condition  of  nerves,  must  influence,  not  only  that  portion  included 
between  the  poles  of  the  battery,  but  the  entire  nerve ;  and  the  electrotouic 
condition,  with  its  modifications,  in  a  measure  explains  how  this  result  may 
be  obtained. 

The  electrotouic  condition  is  marked  in  proportion  to  the  excitability  of 
the  nerve,  and  it  is  either  entirely  absent  or  extremely  feeble  in  nerves  tliat 
are  dead  or  have  lost  their  excitability.  If  a  strong  ligature  be  applied  to  the 
3Xtrapolar  portion  of  a  nerve,  or  if  the  nerve  be  divided  and  the  cut  ends  lx> 
brought  in  contact  with  each  other,  the  electrotouic  condition  is  either  not 
Dbserved  or  is  very  feeble.  These  facts  sliow  that  the  phenomena  of  electrot- 
onus depend  upon  the  physiological  integrity  of  nerves.     A  dejul  nerve  or 
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one  that  hti5  been  diriderl  or  ligated  may  present  these  ph' 
the  stimulation  of  a  very  powerful  current — and  then  only  to  a  ^..^...  ..^ 
when  the  condition  depends  upon  the  purely  physical  properties  of  the  m 
as  a  conductor;  but  these  phenomena  are  not  to  be  compared  with  thsmv 
served  in  nerves  that  I'etain  tlieir  physiological  properties* 

As  stated  above^  the  electrotonic  condition  is  not  restricted  to  tlmt 
cion  of  tlie  nerve  included  between  the  poles  of  the  battery.     The  condii 
of  the  portion  between  the  poles  is  called  intrapolar  electrotoniia^  aud  li 
condition  of  the  nerve  outside  of  the  poles  is  called  extmpolar  electrotoniuL 

When  a  portion  of  a  nerve  is  subjected  to  a  moderately  strong  coi 
current,  the  conditions  of  the  extrapolar  portions  correspondinjs:  to  tb^  tw>| 
poles  of  the  battery  are  entirely  different.  Near  the  anode  the  ejccitnbilji 
of  the  nerve  and  the  mte  of  nervous  conduction  are  diminished.  If,  ho^ 
ever,  a  galvanometer  be  applied  to  this  portion  of  the  nerve,  its  clectrtu 
tive  power,  measured  by  the  deflection  of  the  galvanoraetric  needle,  \$  in^j 
creased.  On  the  other  hand,  near  the  cathode  the  excitability  of  the  nem^ 
is  increased,  as  well  as  the  rate  of  nervous  conduction,  but  the  electromo* 
tive  power  is  diminished. 

The  anelectrot4Dnic  condition,  on  the  one  hand,  and  the  catelectmtonk 
conditioa,  at  the  other  f>ole  of  the  battery,  are  marked  in  extrapolar  porti»j 
of  the  nerve  and  are  to  be  recognized,  as  well,  in   that  ]X)rtion  thnnjj 
which  the  current  is  passing ;  but  between  the  the  jioles,  there  is  u  p»>i 
where  these  conditions  meet,  as  it  were,  and  where  the  excitability  ti  ui 
changed.    This  has  been  C4illed  the  neutral  point.     When  the  gat 
rent  is  of  moderate  strength,  the  neutral  point  is  about  half-way  1> 
|K>les.    *'  When  a  weak  current  is  used,  the  neutral  point  approaches  m 
positive  pole,  while  in  a  strong  current,  it  apprtMci)«i 
the  negative  pole.     In  other  words,  in  a  weak  cw- 
rent  the  negative  pole  rules  over  a  wider  territoi 
than  the  positive  pole,  whereas  in  a  strong  corrnil 
the  positive  pole  prevails"  (Rutherfonl). 

The  conditions  of  extrapolar   ex  vajy 

with  the  direction  of  the  current  u^^....  j' thf 
nerve,  A  convenient  stimulus  with  which  to  me*^ 
ure  this  excitability  is  a  solution  of  commoo  silu 
which  excites  more  or  less  powerful  tetiuiic  cMjninn* 
tions  of  the  mnscloB.  These  ?arifltions  are  illut- 
trated  in  Fig.  189* 

In  Fig.  189.»  A,  a  descending  constant  cmrfnt  I 

applied  to  the  nene.     When  the  circuit  is  open,  lb*' 

Tta.m—UHhiydo/ttstinQthf  Salt  applied  to  the  nerve  at   R   produces  coutfie* 

rSmh'lil'^*'*''*^'^^'^''^"***  tions  of  the  muscle.     If  the  circuit  be  dosed,  tin 

^^^^uegafRH*^.^^^-^*^  contractions  either  become   much  less  rigorous 

&^e«i^  101111101?*^*^^  cease,  on  account  of  tlie  diminished  excitubilitj  nfl 

the  anode.     This  is  called  descending  extrapolar  i 

electrotonus.     If  the  salt  be  applied  at  Ri,  the  contractions  are  incrtaified  in 
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rigor  by  closing  the  circuit,  on  account  of  the  increased  exeitahility  of  the 
nerve  near  the  cathntlc.     This  is  called  ascending  extrapolar  eateleetroniis. 

In  Fig.  189,  B,  the  conditions  are  reversed.  The  polarizing  current  here 
must  be  very  weak,  a»  a  strong  current  may  destroy  the  conducting  power  of 
the  intrapolar  portion  of  the  nerve  and  thus  prevent  the  conduction  of  the 
stimuhis  to  the  muscle  when  the  salt  is  applied  at  IL  On  closing  the  cir- 
cuits, there  is  ascending  extrapolar  catelectronus  at  R,  and  ascending  extra- 
polar  anclcctronos  at  K| . 

Within  certain  limits,  the  greater  the  strength  of  the  constant  current 
ap]ilied  to  the  nerve  and  the  greater  the  length  of  nerve  included  between 
the  poles  of  the  battery,  the  greater  is  the  deflection  of  tlie  galvanoscopic 
needle,  by  which  the  electrotonic  condition  is  measured. 

Electrotonic  conditions  in  scns^ory  nerves  are  measured  by  reflex  move- 
ments produced  by  the  action  of  a  stimulus  applied  to  these  nerves-  The 
variations  in  excitability  of  inhibitory  nerves,  produced  by  a  constant  current, 
are  indicated  by  increase  or  diminution  in  the  inhibitory  action.  The  phe- 
nomena in  sensory  and  inhibitory  nerves  are  analogous  to  those  observed  in 
motor  nerves.  The  influence  of  a  constant  current  upon  the  muscle  current 
is  distinct  though  feeble,  producing  a  kind  of  electrotonic  condition  of 
muscle. 

Negaiive  Variation^ — ^When  a  rapidly  interrupted  current  is  applied  to  a 
nerve  so  as  to  produce  a  tetanic  comlition  of  the  muscles  to  which  it  is  dis- 
tributed, the  normal  or  tranquil  nerve-current  is  overcome,  and  a  galvano- 
scopic needle  applied  to  the  nerve,  which  was  first  deviated  by  the  nerve- 
current,  will  be  observed  to  retrograde  and  will  finally  return  to  zero  (Du 
Bois-Revmond).  This  may  also  be  observed  to  a  slight  degree  under  the  in- 
fluenee  of  meehanieal  or  ohemical  stimulation  of  the  nerve,  the  proper  nerve- 
current  being  diminished,  but  generally  not  abolished.  The  variation  of  the 
needle  under  the  influence  of  the  tetanic  condition  has  been  called  negative 
variation.  It  is  not  known  that  this  has  any  important  physiological  or 
pathological  signilicance. 
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CHAPTER  XVIL 
SPINAL  Am)  CRANIAL  NSSrSS. 

Spinal  nenrw^-CmfiiAl  nerre*— A&Atomicii!  dMvlflcAtlon— Phrftotogkftl  elaiMliQidoa-'Motar  «etf  »• 
niunU  (ibifd  nerve) — PhjEtioUigical  Atuitomy — Propertlcai  muI  tuKs^Uiiiiefie*  ttimii  d»  ■aii^m^ 
the  Irifi— Puthf  ticu«,  or  trochleaii*  (fourth  nenrei--Ftajr»l<dagic*l  tDjitooiy— PiopatlBB  aad  imw  iiiw 
oculi  extcrDUS,  or  abducenfi  ysLxth  ncne)— PhjiiologJcal  uutonnj—Propfrtk*  «tul  upia  Ngrry  nT  ^ 
tic4tion  ahe  small,  or  motor  root  of  Ihe  fifth >—Phfdological  laiatonij— ProprTrW*  and  ii«r«— Fir^i 
or  nejTve  of  expre*«icin  *  seventh  n**rve>— PhysiologicAl  Anaromy — Intertordiarj  tiit*««  of  Wi»Wtt~ 
Ai(«nute  |>ciralr»y— Gt'tieral  iir(}t><?riie«^i;»es  of  the  chonls  trmtwni — tnlliijener  ol  tarkm  facaDdto* 
of  the  facial  apou  die  movemeiat<  of  the  palale  and  aruhi — 8pitiaJ  mcc&msTf  (elrrtatlt  og»p|— IV#» 
logicAl  aiiatofny~U«ei}  of  the  internal  branch  f rooa  the  ffyitia]  acecMory  to  the  piiiimwipinli  tifc 
ence  of  the  vpinaJ  aceeMory  apon  the  heart— tJeea  of  the  external,  or  moacolar  biBsdi  of  fit  lydMl 
acceasory— Sablingtial,  or  hypogJoaul  (tw^elfth  nerre)— TtiyatologkAl  anatiiwif <— l^opeitfni  mA  »« 
—Trifacial,  or  trig«-minal  (fifth  nerve)— fliyfiolof^cai  ■natofnir-'Froiportic*  wmA  iiai  Pwipnni 
(tenth  nerve)— Phyfiologtoal  anatomy- Properties  and  nmm  Qcpcral  pro^cttlca  <if  Ite  tuem-^ft^ 
ertiea  and  nies  of  the  auricular  nervee— Properties  and  nee*  of  ihi;  plisrynipsal  nertf  IM^/wUi 
and  oeea  of  th«  taperior  laryngeal  nervea— Propertiee  and  umi  of  ttie  Inferior,  or  w.mni^m^  hrjipi^ 
nerrea— Ptopcrtiea  and  uace  of  the  cardiac  oarea— Deprts*or<nenro  of  tli*  drnilixloa— Pmpifila  al 
naea  of  the  pokncmafy  oervea— Propertioa  and  um*  of  the  ceaophigcAl  nuriw  P»nwitkj  aad  tM  d 
tlie  abdominal  nervei^ 

With  a  knowledge  of  the  general  proi>erties  of  the  nerves  belonging  to  the 
cerebro-spinal  system,  it  is  easy  to  understaud  the  uses  of  most  of  the  ^petid 
nerves,  simply  from  their  anatomical  relations.  This  is  e^peciiilly  tro^ 
the  gpinal  nerves.  These,  in  general  terms,  are  distributed  to  the  muBcles  < 
the  trunk  and  extremities,  to  the  sphincters  and  the  integument  covering  the 
parts,  the  posterior  segment  of  the  head,  and  to  certain  mucons  n> 
It  u  evident,  therefore,  that  an  iiccount  of  the  exact  office  of  ea< 
branch  would  nece^itate  a  full  description,  not  only  of  the  nerves,  but  of  1 
muscles  of  the  body,  which  is  manifestly  within  the  scope  only  of  trwte 
on  descriptive  anatomy. 

Spinal  Nerves. 

There  are  thirty-one  pairs  of  gpinal  nerves ;  eight  cervical,  twelve  ( 
five  himbar,  five  sacral  and  one  coocygeaL    Each  nerve  arises  from  the ! 
cord  by  an  anterior  (motor)  and  a  posterior  (sensory)  root,  the  posterior  woia 
being  the  larger  and  e^ich  having  a  ganglion.      Immediately  beyond  iH 
ganglion,  the  two  roots  unite  into  a  single  mixed  nerve,  which  passes  ont  k 
the  spinal  canal  by  the  intervertebral  foramen.    The  nerve  thus  constituti 
is  possessed  of  motor  and  sensory  properties.     It  divides  outside  of  the  epii 
canal  into  two  branches,  anterior  and  posterior,  both  containing  motor 
sensory  filaments,  which  are  distributed  i*espectively  to  the  anterior  and  the| 
tenor  parts  of  the  body*    The  anterior  branches  are  the  larger,  and  they  saf 
ply  the  limbs  and  all  parts  in  front  of  the  spiniil  column. 

The  anterior  branches  of  the  upper  four  cervical  nerves  form  the 
plexus,  and  the  four  inferior  cer\ical  nerves,  with  the  first  dorsal,  form 
brat'liial  plexus.     The  anterior  branches  of  the  dorsal  nerv^,  with  the  exced 
tiott  of  the  first,  supply  the  walls  of  the  chest  and  abdomen.     These  nerf 
go  directly  to  their  distribution  and  do  not  first  form  a  plexus.     The  ani 
rior  branches  of  the  upper  four  lumbar  nerves  form  the  lumbar  plexus, 
anterior  branch  of  the  fifth  lumbar  nerve  and  a  branch  from  the  four 
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with  the  anterior  branch  of  the  first  aacral^  fonning  the  lunibo-sacral 
Fe-,  and  enter  into  the  sacral  plexua,  The  upper  three  anterior  sii- 
cml  nerves,  with  a  branL^li  from  the  fourth,  form  tlie  sacml  plexus,  Tho 
g:reatest  portion  of 
fourth  anterior 
ral  is  distributed 

^  to  the  pelvic  viscera 

'  and  the  muscles  of 
the  anus.  The  fifth 
anterior  sat:nil  and 
the    coccygeal    are 

'diiJtributed  to  parU 

■■kiut  the  coccyx. 

^m  The     posterior 

Hbuiched  of  the  spi- 
nal nerves  are  very 
simple  in  their  dis- 
tribution. With 
one  or  two  excep- 
tions, which  have 
no  great  physiolog- 
ical importance, 
these  nerves  pms 
backward  from  the 
main  trunk,  divide 
into  two  branches, 
external  and  inter- 
nal^ and  their  fila- 
ments of  distribu- 
tion go  to  the  mus- 
cles and  to  integu- 
ment behind  the 
apiual  column. 

It  is  farther  im- 
portant to  note,  that  all  of  the  cerebro-spinal  nerves  anastomose  with  the 
sympathetic. 


jn 


Fia,  lflO.->  Cervical  por- 
tion of  the  »pinEU  cord 


Fio-  liil 


-/n 


Ihtrsni  fKfr-    Flo.   IDS. 
tion    of   tiw    spinal 
coi-d  (rtirschfeld). 

(llirsc^hfeld). 
1,  anrtro- Inferior  wall  of  th*?  fourth  ventricle  :  2.  mipfdor  peduncle  of  the 


f(t*w  o/th*  uLtinal  coi"ci, 
find      cnufla      t^quttva 


fHirechfeklj. 

(llirsc^l: 

pedu 
ct^rf'bt-llum  :  \  iidfUile  i*»Hliiiicle  of  the  Lfrt^bfllurn  ;  4,  inffrinr  |w*<liincle 


of  th«?  ct'n^bf  limn  ;  5,  inferior  iKtrtion  of  the  pimt^rkjr  riiedia]!  coiurnDs 
of  tbti  cord  :  tt,  f^IoHSo-pharyDtceal  inerve  ;  7,  piicumoictislric  ;  H,  Kfihuil 
acct^A!*orT  nervo ;  ft.  9.  9,  U,  deutuLeil  ll^^ami^ut ;  in,  lO,  h^,  V\po»trrior 
ro,.'  .  /  *i,.  .,.:....}  -.-...„;  n,  11,  11.  U,  iMii^terior  latertil  gr^MfV*' :  le,  12, 
1  '  -^t^rior  nvfts  of  fhr  ntrveii ;  13,  13,  antvnutr  r'Mttg 

<''  '  of  th*'  tiert'tM  intn  tiro  btancfwM  ;  15,  lower  cx- 

tf'.  ..,,;,  ■■',  ."I  ....  i  ..  itf,  cvMZicveetti  liKatut^nt ;  17»  17,  camla  f^iukia  ; 
I-VUI,  cervical  nerrva  ,  I,  U,  HI.  IV-XII*  dovBot  nerw4 ;  I,  Il-V,  imnbar 
nerves  :  I-V»  jocrrti  n^r-tyj 
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ffany  of  the  cranial  nerves  are  peculiar,  either  as  regards  their  general 
properties  or  in  tlieir  distribution  to  parts  eoiieerued  in  spe<'iiil  fiinetiong. 
In  some  of  these  nerves,  the  most  important  facts  conet^niing  tbeir  distribu- 
tion have  been  ascertained  only  by  physioloj^ical  experimentation,  and  their 
anatomy  is  inseparably  connected  with  their  physiulo^y.  It  would  be  desira- 
ble, if  it  were  possible,  to  classify  these  nerves  witli  refei^ence  strictly  to  their 
properties  and  uses ;  but  this  can  be  done  only  to  a  certain  extent.  The 
classification  of  the  cranial  nerves  adopted  by  most  anatomists  is  the  arrange- 


540 


NERVOUS  SYSTEM. 


»-:vr:«: 


^\ 


V 


rut  i 


Fio.  lOfi.— I7oof4<j/  the  cranial  nurrm  <HJx«chfeld). 
I.  Olfactory. 
IL  OpUt 

nL  Motor  oeull  communis, 
rv,  Patbeticm. 
V.  Ken^e  of  nTasMcat ion  and  triXacikL 
VI.  Motor  ocuU  eJCtern  us. 
\IL  Facial.         • 
%111.  Audlcoiy 
IX.  Qlos8o-pbaiynf;eal. 
X  Pneumofrastrk'. 
XI-  Spinal  accessory. 
XII.  Suhtjiigiuii. 

The  numbers  t  to  12^  refer  to  branch««  which  will  be  de- 
scribed hereAfter. 

Spinal  aocessorv.     (EleTenth  pair.) 
Sublingual.     (Twelfth  pair). 


ment  of  Sommerrijig,  in  whicJi  lb 
nerves  are  numbered  from  befom 
backward,  in  the  order  in  mh(% 
they  pass  out  of  the  skull,  majdiig 
twelve  pairs. 

Classification  op  the  Crax 
AL  Nerves, 

01  factory-     ( First  pair. ) 
Optic.     (Second  jmir,) 
Auditory.     (Eighth  puir.) 
Gustatory,  coin|*ri8ing  • 
of  the  glog«o  -  phar>7ignil  {urn 
pair)  and  a  small    ti lament 
the  facial  (seventh  pair)  to  the  hsy 
guul  branch  of  the  ^fih 

Nerves  of  motion  of  the  i    _ 

balU  com  prising  the  motor  omfi 
communis  (third  pair),  tlie  patlifJ- 
icus  (fourtli  pair),  and  the  moUii 
oculi  externus  (sixth  pair). 

Nerv^e  of  maistication,  ori 
root  of  the  fifth  pair, 

Fu4iial,   sometimes 
nerve    of    expression*      (£ 
pair.) 


K€rvu  ^  General  Seneihiliiy, 

Trifacial,  or  large  root  of  the  fifth  pair. 

A  portion  of  the  glosso-pharvngeaL     (Ninth  pair.) 

Pueumogastric.     (Tenth  pair*) 

In  the  above  arrangement,  the  nerves  are  classified  aoeording  to 
pro|)erties  at  their  roots.     In  their  coitrse,  some  of  these  nerves 
mixed  and  their  branches  are  both  motor  and  sensory,  such  as  the 
gastric  and  the  inferior  maxillary  branch  of  the  trifacial. 

The  nerves  of  special  sense  have  little  or  no  general  sensibility ;  and  ^ 
the  exception  of  the  gustatory  nervea^  they  do  not  present  a  ganglion  | 
their  roots,  in  this,  also,  differing  from  the  ordinary  sensory  nerve*, 
are  capable  of  conveying  to  the  nerve-centres  only  certain  peculiar  irapn 
sions,  such  as  odors,  for  the  olfactory  nerves,  light,  for  the  optic  nenreSi  i 
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Bnd,  for  the  auditory  nerves.  The  proper  transmission  of  these  ilil|ire&* 
sioDS,  however,  involves  the  action  of  accessory  parts,  more  or  less  complex ; 
ami  the  properties  of  these  nerves  will  be  fully  considered  in  connection  with 
the  physiology  of  the  special  senses. 

Motor  Ocru  Communis  (TniuD  Nerve). 

The  third  cranial  nerve  is  the  most  imjxirtant  of  the  motor  nerves  dis- 
tributed to  the  muscles  of  the  eyeball,  lu  pliysiology  is  readily  understood 
in  connection  with  its  distribution,  the  only  point  at  all  obscure  l>eing  it^  re- 
ktiaus  to  the  movements  of  the  iris,  upon  which  the  results  of  experiments 

somewhat  contradictory. 

Phi/siohgietd  A  natomt/. — The  apparent  origin  of  the  third  nerve  is  from 
the  inner  edge  of  the  cms  cerebri^  directly  in  front  of  the  pons  Varolii,  mid- 
way between  the  pons  and  the  corpora  albicantia.  It  presents  here  eight  or 
ten  filaments,  of  nearly  equal  size,  which  soon  unite  into  a  single,  rounded 
trunk. 

The  d(.»ep  origin  of  the  nerve  has  been  studied  by  dissections  of  the  en- 
cephalon  fresh  and  hai'dened  by  different  liquids.     From  the  groove  by  which 
they  emerge   from  the  encephalon,   the 
fibred  spread  out  in  a  fan-shape,  the  mid- 
dle filaments  passing  inward,  the  anterior, 
inw^ard  and  forward,  and  the  posterior, 
inward   and   backward.     It  is  probable 
that  the  middle  filaments  pass  to  the  me- 
dian line  and  decussate  with  correspond* 
ing  fibres  from  the  opposite  side,     Tlie 
anterior  filaments  pass  forward  and  are 
lost  in  the  optic  thalamus.     Theposteriur     8^ 
filaments  on  either  side  pass  backward  to 
a  gray  nucleus  beneath  the  aqueduct  of 
Sylvius  and   here  decussate  with    fibres 
from  the  opposite  side      This  decussation 
of  the  fibres  of  origin  of  the  third  nerves 
is  important  in  connection  with  the  bar-   Fio. 
mony  of  action  of  the  iris  and  the  mus- 
cles of  the  eye^  upon  the  two  sides. 

The  distribution  of  the  third  nerve  is 
very  simple*  As  it  passes  into  the  orbit, 
by  the  sphenoidal  fissure,  it  divides  into 
two  branches.  The  superior,  which  is  the 
smaller,  passes  to  the  superior  rectus  mus- 
cle of  the  eye,  and  certain  of  its  filaments  are  continued  to  the  levator  palj>e- 
br^  anperioris.  The  inferior  division  breaks  up  into  three  lirauches.  The 
internal  branch  passes  to  the  internal  rectus  mus(»le;  the  inferior  branch,  to 
the  inferior  rectus;  the  external  branch,  the  largest  of  the  three,  is  distribu- 
ted to  the  inferior  oblique  muscle,  and  in  its  course,  it  sends  a  short  and 
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19^.^IHMtribution  of   the    motor  ocuU 

trunk  of  the  motor  oruti  communis :  3.  m* 
r*ericrr  bntnch  ;  S,  JiifimentM  which  this 
hrnnch  Mrmtji  to  the  fftijitfrmr  rrctus  and 
tht  Jevntor  jtaJnrhri  ttiperion«  ',  4*  hrnnch 
til  tht  iutfrnal  recttm  ;  ^.  branch  to  the 
inferior  recttiM ;  ^^  branch  to  tht- itift^nur 
ohtifptr  ntwwl*f  ;  7,  branch  to  tht  tmticular 
Qtintjlion  ;  S^  motor  cvuJi  ►•xt+ruiiH  ;  V,  ftl«- 
riirnLH  of  the  motor  oc'uU  oxt+ruiis  ftntt»«f4»- 
iQi tNtn>i;  with  Oie  Hyinpatlietie ;  10,  ciUarj 
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thick  filament  to  the  lenticular,  or  ophthalmic  ganglion  of  the  svInpatheti^ 
It  is  this  branch  which  is  supposed,  through  the  short  ciliarj'  neri-eae  pamni 
om  the  lenticular  ganglion,  to  furnish  the  motor  influence  to  the  iris,  h 
its  course  this  nerve  receiver  a  few  very  delicate  filaments  from  the  cavenKjo 
plexus  of  the  sympathetic  and  a  branch  from  the  ophthalmic  diviaon  of  the 
trifacial. 

Properties  and  Uses  of  the  Motor  OcuU  Communis, — Stimulation  nf  thf 
root  of  the  third  nerve  in  a  living  animal  produces  contraction  of  the  m 
to  which  it  is  distributed,  but  no  pain.     If  the  stimulus,  however,  lie  ny, 
little  farther  on  in  the  course  of  the  nerve,  there  are  evidences  of  (seii.-i 
and    this  is  readily  expkuned  by  it^  communications  with  the  ntihihalr 
branch  of  the  trifacial.     At  its  root,  therefore,  this  nerve  is  exolu-i  \^'\\  ^i 
and  its  office  is  connected  entirely  with  the  action  of  muscles. 

The  phenomena  which  are  observed  after  section  of  the  motor  ocuii  coa* 
munis  in  living  animals  are  the  following : 

1.  Falling  of  the  upper  eyelid,  or  blepharoptotis. 

2.  External  strabismus,  immobility  of  the  eye  except  in  an  imj^im  :. 
rection,  inability  to  rotate  the  eye  on  its  an tero- posterior  ii\i<  lu  r.  r:^ir. 
directions,  with  slight  protrusion  of  the  eyeball. 

3.  Dilatation  of  the  pupil,  with  a  certain  degree  of  interference  iriih  lijp 
movements  of  the  iris. 

The  falliug  of  the  upper  eyelid  is  constantly  observed  after  division  of  tV 
third  nerve  in  liring  animals  and  always  follows  it^  complete  paralysis  in  tbf 
liuraan  subject  An  animal  in  which  the  nerve  has  been  divided  can  mA 
raise  the  Hd,  but  can  press  the  lids  together  by  a  voluntary  effort  In  tbr 
human  subject  tlie  falling  of  the  lid  gives  to  the  face  a  peculiar  and  chir- 
acteristic  expression.  The  complete  loss  of  power  shows  that  the  levator 
palpebrm  superioris  muscle  depends  ujmn  the  third  nerve  entirely  for  \\3  ni*>- 
tor  tilamentvS.  In  pathology,  ext^^rnal  stnibismus  is  frerjuently  observed  wilh- 
out  falling  of  the  lid,  the  filaments  distributed  to  the  levator  muscle  not  bis 
ing  affectetl. 

The  external  strabismus  and  the  immobility  of  the  eyebnll  excqit  In  an 
outward  direction  are  due  to  paralysis  of  the  internal,  superior,  iind  inffiHoir 
recti  muscles,  the  external  rectus  tutting  without  its  antagonist     Thiii  :^~  ^ 
tion  requires  no  farther  explanation.     These  points  are  illustrated 
experiment  of  dividing  the  nerve  in  rabbitv^.     If  the  head  of  the  aniira 
turned  inward,  exposing  the  eye  to  a  bVight  light,  the  globe  will  turn  outwitii. 
by  the  action  of  tlie  external  rectus;  but  if  the  head  be  turned  outward,  tk 
globe  remains  motionless. 

It  u  somewhat  ditticult  to  note  th^  effects  of  paralysis  of  the  infei 
oblique  muscle,  which  also  is  supplied  by  the  third  nerve.     This  muscle,  i 
ing  from  its  origin  at  the  iuferior  and  internal  part  of  the  circumforrnt^l 
the  base  of  the  orbit,  to  its  attachment  at  the  inferior  and  external  part  of  I 
posterior  hemisphere  of  the  eyeball,  gives  to  the  globe  a  movement  of  i 
on  an  oblique^  horizontal  axis,  downward  and  ba^-kward,  directing  tlic 
npw^*d  and  outward*     When  this  muscle  is  jmnJyzed,  the  superior  < 
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hariTig  DO  antagonist,  rotates  the  globe  upwanl  and  inward,  directing  the  pupil 

^downward  and  outward.  The  action  of  the  oblique  muscles  is  observed 
when  the  head  is  moved  alternately  toward  one  shoulder  and  the  other.  In 
the  human  subject,  when  the  inferior  oblique  muscle  on  one  side  is  paralyzed, 
the  eye  can  not  move  in  a  direction  opposite  to  the  movements  of  the  head,  as 
it  does  upon  the  iiound  side,  so  as  to  keep  the  pupil  fixed,  and  the  patient  has 
double  vision. 

When  all  the  muscles  of  the  eyeball,  except  the  external  rectus  and  supe- 
rior oblique,  are  paralyzed,  as  llit*y  are  by  section  of  the  third  nerve,  the  globe 
is  slightly  protruded,  simply  by  the  relaxation  of  most  of  its  muscles.     An 

■  opposite  action  is  easily  observed  in  a  cat  with  the  facial  nerve  divided  so 
that  it  can  not  close  the  lids.  When  the  cornea  is  touched,  all  of  the  mu^les, 
particularly  the  four  recti,  act  to  draw  the  globe  into  the  orbit,  which  allows 
the  lid  to  fall  slightly,  and  projects  the  little  membrane  which  serves  as  a 

,  third  eyeliil  in  these  animals. 

The  third  ner>'e  sends  a  filament  to  the  ophthalmic  ganglion  of  the  svm- 

t pathetic,  and  from  this  ganglion,  the  short  ciliary  nerves  take  their  origin 
and  pass  to  the  iris.  Wiiile  it  is  undoid>tcdly  true  that  division  of  the  third 
nerve  alfects  the  movements  of  the  iris,  it  becomes  a  question  whether  this 
be  a  direct  influence  or  an  influence  exerted  primarily  upon  the  ganglion,  not 
perhaps,  differing  from  the  general  effects  upon  the  sympathetic  ganglia  that 
follow  destruction  of  their  branches  of  comnmnication  with  the  jnotor 
nerves. 

Herbert  Mayo  (1823)  made  experiments  on  thirty  pigeons,  living  or  just 
killed,  upon  the  action  of  the  optic,  the  third  and  the  fifth  nerves,  on  tiie 
iris.  When  the  third  nerves  were  divided  in  the  cranial  cavity  in  a  living 
pigeon,  the  pupils  became  fully  dilated  and  did  not  contract  on  the  admission 
of  intense  light;  and  when  the  same  nerves  were  pinched  in  the  living  or 
dead  bird,  the  pupils  were  contracted  for  an  instant  on  each  stimulation  of 
the  nerves.  The  same  results  followed  division  or  stimulation  of  the  optic 
nerves,  under  similar  conditions ;  but  when  the  third  nerves  had  been 
divided,  no  change  in  the  pupil  ensued  upon  stimulating  the  entire  or 
divided  optic  nerves. 

The  third  nerves  animate  the  muscular  fibres  that  contract  the  pupil,  the 
contraction  produced  by  stimulation  of  the  optic  nerves  being  reflex  in  its 
character.  Longet  divided  the  motor  oeuli  and  the  optic  nerve  upon  the  right 
side.  He  found  that  stimiilatiou  of  the  central  cutl  of  the  divided  optic 
nerve  produced  no  movement  of  the  pupil  of  the  side  upon  which  the  motor 
oculi  had  been  divided,  but  causeil  contraction  of  the  iris  upon  the  opposite 
side.     This,  taken  in  connection  with  the  fact  that  in  amaurosis  affecting  one 

I  eye,  the  iris  upon  the  affected  side  will  not  contract  under  the  stimulus  of 
Kght  applied  to  the  same  eye,  but  will  act  when  the  uninjured  eye  is  ex|K)sed 
to  the  light,  farther  illustrates  the  reflex  action  which  takes  phice  through 
these  nerves. 

The  reflex  action  by  which  the  iris  is  contracted  is  not  instantaneous,  like 
most  of  the  analogous  phenomena  observed  in  the  cerebro-spinal  system,  and 
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its  operations  are  rather  characteristic  of  the  action  of  the  eympathetic  fu. 
tern  and  the  non-striated  muscular  tissue.  It  has  been  found,  aljfo,  bv  I 
nard,  in  exj>eriments  upon  rabbits,  that  the  pupil  is  not  immediately  < 
after  diviision  of  ibe  third  nerve.  The  method  employed  by  Bernard,  i 
ducing  a  ho«jk  into  the  middle  temporal  fossa  through  the  orbit  and  tetria* 
the  nerve,  can  hardly  be  accomplished  without  touching  the  ophthali 
bi-anch  of  the  fifth,  which  pro<luce9  intense  pain  and  is  always  followed  bj^ 
more  or  less  persistent  contraction  of  the  pupiL  Several  hours  after  the  ( 
emtion,  however,  the  pupil  is  generally  found  dilated,  and  it  may  dowlyc 
tract  when  the  eye  is  exposed  to  the  light.  In  one  exjieriment  this  oommd 
after  the  eye  batl  l>een  exposed  for  an  hour.  Farther  experim*  i 
that  although  the  pupil  contracts  feebly  and  slowly  under  ii 
light  after  division  of  the  motor  oculi,  it  will  dilate  under  the  inflnencie  { 
belladonna  and  can  be  mode  to  contract  by  operating  ujxm  other  nerrei^ 
is  well  kno\\T],  for  example,  that  division  or  stimulation  of  the  fifth  i 
produces  contraction  of  the  pupil.  This  takes  place  after  as  well  as  Wfn 
vision  of  the  third  nerve.  Section  of  the  s\Tnpathetic  in  the  cer\ieal  i 
also  contracts  the  pupil,  and  this  occurs  after  paralysis  of  the  motor  i 
These  facts  show  that  the  third  nerve  is  not  the  only  one  capable  of  artin? 
upon  the  ui^  and  that  it  is  not  the  sole  avenue  for  the  transmisidon  of  rcflei 
influences. 

Bernard  also  found  that  stimulation  of  the  motor  oculi  itself  did  not  pro 
duce  contraction  of  the  pupil,  but  this  result  followed  when  he  sltmiib 
the  ciliary  nerves  coming  from  the  ophthalmic  ganglion.  Chauveau,  in  ex 
mentsupon  horses,  did  not  observe  contraction  of  the  pupil  following  i 
tion  of  the  motor  oculi»  although  it  was  sometimes  seen  in  mbbita.  At 
events,  contraction  is  by  oo  means  constant ;  and  when  it  oecors,  it  probibly 
depends  up<:)n  stimulation  of  the  ciliary  nerves  themselves  or  irritation  of  1 
ophthalmic  branch  of  the  fifth,  and  not  upon  stimulation  of  the  tnnika^ 
the  third  pair.  When  the  eye  is  turned  inward  by  a  voluntary  effort,  the  ] 
pil  is  contracted ;  and  when  the  axes  of  the  two  eye^  are  made  to  convci] 
strongly,  as  in  looking  at  near  objects,  the  contraction  is  very  consider 
(Miiller). 

The  third  nerve  contains  filaments  which  preside  over  voluntary  tnon- 
ments  of  the  ciliary  muscle  in  the  acc<)mmodation  of  the  eye  to  vision  at  M- 
ferent  distances. 

The  following  case  illustrates,  in  the  human  subject,  nearly  aU  of  the 
phenomena  following  paralysis  of  the  motor  oculi  communis,  in  ex|)erime&1a 
n}uni  the  lower  animals : 

The  patient  was  a  girl,  nineteen  years  of  age,  with  complete  paraljiis  d 
the  nerve  upon  the  leftside.  There  was  slight  protrusion  of  the  eyebdl, com- 
plete ptosis,  with  the  pupil  moderately  dilated  and  insensible  to  ordinin 
impressions  of  light.  Tlie  sight  was  not  affected*  but  there  was  double  rmon, 
except  when  objects  were  placed  before  the  eyes  so  that  the  axes  wen?  paral- 
lel, or  when  an  object  was  st^en  with  but  one  eye.  The  axis  of  the  left  ejf 
was  turned  outward,  but  it  was  not  possible  to  detect  any  deviation  ttptiri 
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or  downward.  Upon  caugin|r  the  patient  to  incline  the  head  jiltornately  to 
one  iihoiilder  and  the  other^  it  was  evident  that  the  affected  eye  did  not  rotate 
in  the  orbit  hut  moved  with  the  head.  This  seemed  to  be  a  case  of  complete 
and  uncomplicated  paralysis  of  the  third  nerve, 

PATUETICUS,  OR  TrOCHLEARIS  (FoURTH  NeRVE), 

The  physiology  of  the  patheticus  is  very  simple  and  resolves  itself  into 
the  action  of  a  S!infi;le  muscle,  the  superior  oblique. 

Phtjaiologmd  Anafomij. — The  apparent  origin  of  t!ie  patheticus  is  from 
the  8U|>erior  pednnelea  of  the  cerebellum  ;  but  it  may  be  easily  followed  to  the 
valve  of  Vieussens,  Tlie  deep  root.s  can  be  traced,  parsing  from  without  in- 
ward, to  the  follo^sTug  parts :  One  filament  is  lost  in  the  substance  of  t!ie 
peduncles ;  otlier  filaments  pa<s  from  before  backward  into  the  valve  of  Vieu^- 
sens  and  are  lost,  and  a  few  pass  into  the  frenulum  ;  a  few  filaments  pass 
backward  and  are  lost  in  the  cor|)ora  quad ri gem ina ;  hut  the  greatest  number 
pass  to  the  median  line  and  decussate  with  corresponding  filaments  from  the 
opposite  side.  The  fibres  can  be  traced  to  a  noelens  in  the  fioor  of  the  aque- 
duct of  Sylvius,  beneath  the  nucleus  of  the  thiixl  nerve.  The  decussation  of 
the  fibres  of  origin  of  the  fourth  nerve  hius  the  same  plivi^iohtgical  signili- 
cance  as  the  decussation  of  the  root^  of  the  third*  From  this  origin,  the 
patheticus  passes  into  the  orbit,  by  the  sphenoidal  fissure,  and  is  distributed  to 
the  superior  oblifjue  muscle  of  theeyehalL  In  the  cavernous  sinus  it  receives 
branches  of  communicatiuu  from  the  ophthalmic  branch  of  the  fifth,  but 
these  are  not  closely  united  with  the 
nerve.  A  small  branch  passes  into  the 
tentorium,  aiid  one  joins  the  lachrymal 
nerve,  these,  however,  being  exclusively 
sensory  and  coming  from  the  ophthal- 
mic branch  of  the  fifth.  It  also  re- 
ceives a  few  filaments  from  the  sympa- 
thetic. 

Properties  and  Uses  of  the  Pathet- 
icus,— Direct  observations  ujion  the  |«a- 
theticus  in  living  animals  have  shown 
that  it  is  motor^  and  its  stimulation  ex- 
cites contraction  of  the  suj>erior  oblique 
muscle  oniy.  This  muscle  arises  just 
above  the  inner  margin  of  the  optic  fo- 
ramen, pa 

wall  of  the  orbit  at  its  inner  angle,  to  a 
little,  cartilaginous  ring  which  serves  as 
a  pulley.  From  its  origin  to  this  point 
it  is  muscular.  Its  tendon  becomes 
Tounded  just  before  it  passes  through 
the  pulley,  where  it  makes  a  sharp  curve,  passes  outward  and  slightly  back- 
ward, and  becomes  spread  out  to  be  attached  to  the  globe,  at  the  superior  and 
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forward,  along  the  upper  ¥^Q.^^.^ms^ributionnnh^pafh€Ucu»{Yi^Iich^ 

feltl  I. 
1,  olfactory  n^rve :  1!,  optic  nerves ;  III.  motor 
ocuK  i\>fiununb  :  IV.  pntheticiiA,  b^  tfif  Hide 
of  the  tnththaimic  hyanch  fff  the  fifth,  and 
pftjuting  to  fhf  itupeHor  ofttujuf.  mujirU' ;  VT» 
motif  If  oculi  extern  us* ;  1,  ^an^lion  of  0«3*cr ; 
2,  3,  4. 5.  6,  7.  «,  0.  10.  ophthalmic  division  of 
the  Afth  nerve,  with  itii  braouhtrji. 
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external  part  of  its  posterior  hemisphere.  It  acts  apon  the  ejeball  from  tl» 
pulley  at  the  upper  and  inner  portion  of  the  orbit  as  the  fixed  point  and  nu- 
tates the  eye  upon  an  oblique,  horizontal  axis,  from  below  upward,  Ipm 
without  inward  and  from  behind  forward.  By  ita  action,  the  pupil  ii  (i> 
rected  downward  and  outward.  It  is  the  antagonist  of  the  :  ' 
the  action  of  which  has  lx>en  described  in  connection  with 
communis.  When  the  patheticus  is  paralyzed,  the  eyeball  i^  iminovKbkv 
far  as  rotation  is  concerned.  When  the  head  is  mo  veil  toward  the  shmildcr, 
the  eye  does  not  rotate  to  maintain  the  globe  in  the  same  relative  p>eitJoii,  ml 
there  is  double  vision. 

Motor  Ocitli  ExxERxra,  or  Abducens  (Sixth  Xerte). 

Like  the  patheticus,  the  motor  oculi  extenms  is  distributed  to  but  a*iti;rl« 
muscle.  Its  uses,  therefore,  are  apparent  from  a  study  of  ite  distributiim  aU 
pi*opertie«. 

Pliififioloijical  A  natomy, — The  apparent  origin  of  the  sixth  nerve  i«  fr^^o 
the  groove  sepaniting  the  anterior  corpus  pvramidale  of  the  medulla  iMm- 

gata  from  the  pons  Varolii,  from  the  up- 

j>er  portion  of  the  medulla  and  from  xh 
lower  portion  of  the  pons,  next  the  grwri^ 
Its  origin  at  this  point  ia  by  two  roeti: 
an  inferior,  which  is  M  *  r  and  coroei 
from  the  corpus  p\Tiii  und  a  an]*- 

nor  root,  sometimes  wanting,  which  mms 
to  come  from  the  lower  j>ortion    '  *' 
pons.     All  anatomists  are  agreed  ii 
^JL     deep  fibres  of  origin  of  this  nerve  |»i  - 
the  gray  matter  in  the  floor  of  t);r  * 
ventricle.     Vulpiau  followc*!  tli- 
to  within  about  two-fifths  of  an  inch  (1^< 
mm.)  of  the  median  line,  but  they  oouk 
not  be  traced  bevond  this  point    It  ii 

V^a  m,-IH>^ajan^or^the^  ^^^  ^^^^.^  ^j^^^^  ^,;^  ^)^^^  ^^  ^j^^  ^^^  ^^ 

I,  tnmk  of  the  motor  ocuU  eomniunis,  with    dcCUSSatC 
"     Mi?,  3,  4,  5,  6,  7  «-M/r 


From  this  origin  the  nenrf 
7u»  passes  into  the  orbit  by  the  gphenoidal 


its  branches  ( 

€J^tmvtia,  iJOJ^ing   fo  th< 

iemxtM.tintMiumosing  with  Ulc  t^ympntht  t-    ilSSUre  aud  IS  (ilstributlKl  (' 
iV ;  10,  ciJiary  nen-e*.  .  i  .  i        * 

external  rectus  muscle  of 


the  cavernous  sinus  it  anastomoses  with  the  sympathetic  through  the  < 
plexus  and  receives  a  filament  from   MeckeFs  ganglion.     It  also 
sensory  filaments  from  the  ophthalmic  brunch  of  the  fifth.     It  is  thought  I 
some  anatomists  that  this  nerve  occasionally  sends  a  small  filament  to 
ophthalmic  ganglion ;  and  it  was  stateil  by  Longet  that  tliis  branch*  wh 
is  exceptional,  exists  in  those  cases  in  whicli  paralysis  of  the  motor 
communis,  which  iistuiUy  furnishes  all  the  motor  tUamenta  to  this  gangli 
18  not  attended  with  immobility  of  the  iris, 

Properiies  and  Uses  of  iht  Motor  OcuU  Externum. — Direct  experima 
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hare  shown  that  the  motor  o^uli  extemus  b  entirely  insensible  at  its  origin,  its 
stimulation  prodiieing  contraction  of  tht*  external  rectus  muscle  atid  no  pain. 
The  same  cxperinicnts  illiistraR*  the  ad  ion  of  the  n*^rve,  iniLsmnch  m  its 
stimulation  is  followe<l  by  eontmction  of  tlie  muscle  and  deviation  of  the  eye 
outward.  Division  of  the  nerve  in  the  lower  animals  or  its  paralysis  in  the 
human  subject  iiH  attended  with  internal,  or  converging  strabismus,  due  to  the 
unopposed  a<'tion  of  the  internal  rectus  rnusek^ 

With  regard  to  the  associated  movement's  of  the  eyeball,  it  is  important  to 
note  that  all  of  the  muscles  of  the  eye  which  liave  a  tendency  to  direct  the 
pupil  inward  or  to  produce  the  simplo  movements  upward  and  downward 
(the  intt^rnal,  inferior,  aud  superior  recti)  are  animated  by  a  single  nerve,  the 
motor  oculi  communis,  this  nerve  also  supplying  the  inferior  oblique ;  and 
tliat  each  of  the  two  muscles  that  move  tlie  globe  so  as  to  dircr^t  the  pujiil 
outward,  except  tbc  inferior  oblique  (tlie  siiporior  oblique  and  the  external 
rectus),  is  supplicii  by  a  special  nerve.  The  movements  of  the  eyeball  will 
be  described  more  minutely  in  connection  with  the  physiology  of  vision* 

Nekvb  of  Masticatiox  (the  Small,  oh  ^Iotor  Root  of  the  Fifth 

Nekve), 

The  motor  rf>ot  of  the  tifth  nerve  is  entirely  distinct  from  its  sensory 
portion,  until  it  emerges  from  the  cranial  cavity,  by  the  foramen  ovale.  It  is 
then  closely  niiite<l  with  the  inferior  maxillary  bmnch  of  the  large  root ;  but 
at  its  origin  it  has  been  shown  to  be  motor,  and  its  section  in  the  cranial  cav- 
ity has  demonstrated  its  distribution  to  a  partieular  set  of  muscles. 

Ph^siolofficfd  Annlmmj. — ^The  apparent  origin  of  the  tifth  nerve  is  from 
the  lateral  portion  of  the  pons  Varolii.  The  small,  or  motor  root  arises  from 
a  }>oint  a  little  higher  and  nearer  the  median  line  than  the  large  root,  from 
which  it  is  sepamted  by  a  few  fibres  of  the  white  sulistance  of  tlie  pons.  At 
the  point  of  apparent  origin,  the  small  root  presents  six  to  eight  rounded  fila- 
ments. If  a  tliin  layer  of  t!ie  pons  covering  these  filaments  be  removed,  tlie 
roots  will  be  found  penetrating  its  substance,  bc«*otning  flattened,  passing 
under  the  superior  ])e*l uncles  of  the  cerebellum  and  going  to  a  gray  nucleus, 
with  large  multipolar  cells,  in  the  anterior  wall  of  the  fourth  ventricle,  near 
the  median  line.  At  this  point,  the  fibres  change  their  direction,  passing  from 
without  inward  and  from  behind  forward  toward  the  median  line,  the  fibres 
diverging  rapidly.  The  fKisterior  fibres  pass  t^^  the  median  line,  and  cer- 
tain of  them  decussate  with  fibres  from  the  opiMsite  side.  The  anterior 
fibres  pass  toward  the  aqueduct  of  Sylvius  and  are  lost.  The  fibres  beeome 
changed  in  their  character  when  they  are  followed  inward  beyond  the  ante- 
rior wall  of  the  fourth  ventricle.  II ere  they  lose  their  white  color,  become 
gray  and  present  a  number  of  globules  of  gray  substance  between  their  fila- 
ments. 

From  the  origin  above  describcii,  the  small  root  passes  beneath  the  gan- 
gHon  of  Giisser — from  which  it  sometimes,  though  not  constjintly,  receives  a 
filament  of  commuuiciition — lies  behind  the  inferior  maxiMary  branch  of  the 
large  root,  and  passes  out  of  the  cranial  cavity,  by  the  foramen  ovale.     With- 
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in  the  cranium  the  two  roots  are  distinct ;  but  after  the  small  root 
through  tlie  fonimen^  it  is  united  by  a  mutual  interlacement  of  film  viil 
the  sensory  branch. 

The  inferior  maxillary  nerve,  made  up  of  the  motor  root  and  Ibt  tikrbr 
maxillary  branch  of  the  sensory  root,  just  after  it  passes  ont  br  the  fiiiBQ^ 
ovale,  divides  into  two  bmnches,  anterior  and  posterior.     The  antericir  hatA, 

which  U  the  smaller, 
ig  com[kaded  almort 
entirely  of  mucnr 
filarr    *  ^  rj;- 

tnbu:^  . rnui- 

cles  of  masticitifliL 
It    givei    off   {tb 
branches.   Thefim 
of  theae  peaei  to 
be    di^mbttted   W 
the  ro&sseter 
de,  in  iu  coot 
caidonalljgtiii^c 
a  small  bnaA 
the  tempoist  iiui»^ 
cle  and  a  fikmeBt 
to  the   artteidalioi 
of  the  inferior  mai- 
illa  with   thr 
poral    bcme. 
two  ihs-p  ttfnj 
branchc*^    Mt  diWI 
trtbuted  totbrtao- 
ponl  tnttsde.   Tkt 
buccal  hrmneli  muk 
fUamenta     to    tin 
external    ptcsrgoid 
and    the    Mapool 
mn^trleSf  and  a  sdiU 
brunch  U  dytsQm^ 
ted  to  the  iDtenial 
pterygoid  mnsole.     From  the  posterior  branch,  which  is  chiefly  Beamsqf  tat 
contains  some  motor  filaments,  branches  are  sent  to  the  mylo-hyoid  rnoKk 
and  to  the  anterior  belly  of  the  digastric.     In  addition  the  motor  bfaockilt 
I  he  fifth  genda  filaments  to  the  tensor  muscles  of  the  velum  palatL 

The  above  description  gives  in  general  terms  the  dist ribation  of  thi 
nerve  of  mastication,  without  taking  into  cx>n8idenition  its  variooa  tam^iamxh 
ses,  the  most  important  of  which  are  with  the  facial.  Experiments  hatt 
shown  that  the  buccinator  muscle  receives  no  motor  filaments  from  the  fifth 
but  is  supplied  entirely  by  the  facial.     The  buccal  branch  of  the  fifth  sendi 
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motor  filaments  only,  to  the  external  pterygoid  and  the  temporal,  its  final 
branches  of  distribution  being  sensory  and  going  to  integument  and  to 
mucous  membrane. 

In  treating  of  the  physiology  of  digestion,  a  table  has  been  given  of  the 
muscles  of  mastication,  with  a  description  of  their  action.  It  will  be  seen  by 
reference  to  this  talik'  that  the  following  miisck^s  depress  the  h>wer  jaw ;  viz., 
the  anterior  belly  of  the  digii8trk%  the  myio-hyoid,  the  genio-hyoid  ami  the 
platysma  myoides.  Of  these  the  digasti'ic  and  the  myh>-hyoid  are  animated 
by  the  motor  root  of  the  fifth  ;  the  genio-hyoid  is  siippUed  by  tihinients  from 
the  Bublingual ;  and  the  ])latysri)a  myoides,  by  branches  from  the  facial  and 
from  the  cervical  plexii8>  All  of  the  nmscles  which  elevate  the  lower  jaw 
and  move  it  laterally  and  antero-posteriorly ;  viz.,  the  temporal,  masseter,  and 
the  internal  and  external  pterygoids — the  muscles  most  actively  concerned  in 
mastication — are  animated  by  the  motor  root  of  the  lif th. 

Properties  and  Use^  of  ike  Nerve  of  Majsticaiion.—The  anatomical  dis- 
tribution of  the  small  root  of  the  tifth  nerve  points  fit  once  to  its  uses, 
Charles  Bell,  whose  ideajs  of  the  nerves  were  derived  almost  entirely  from 
their  anatomy,  called  it  the  nerve  of  mastication,  in  1821,  although  he  did 
not  state  that  any  experiments  were  made  witli  regard  to  its  action.  All  ana- 
tomical and  physiological  writers  since  that  time  have  adopted  this  view.  It 
would  be  difiicult  if  not  impossible  to  stimulate  the  root  in  the  cranial  cav- 
ity in  a  living  animal;  but  its  Faradization  in  animals  just  killed  determines 
very  markeil  movements  of  the  lower  jaw.  Experiments  have  demonstrated 
the  physiological  properties  of  the  small  root,  which  is  without  doubt  solely 
a  nerve  of  motion. 

The  observations  upon  section  of  the  fifth  pair  in  the  cranial  cavity 
are  most  important  in  connection  with  the  uses  of  ita  sensory  branches^  and 
will  be  referred  to  in  detail  in  treating  of 
the  properties  of  the  large  root.  In  addi- 
tion to  the  Ios-8  of  sensibility  following  sec- 
tion of  the  entire  nerve,  Bernard  not^ed 
the  effects  of  division  of  the  small  root, 
which  can  not  be  avoided  in  the  openition. 
In  rabbits  the  paralysis  of  the  muscles  of 
mastication  upfjn  one  side,  and  the  con- 
sequent action  of  the  muscles  upon  the 
unalfected  side  oidy,  produce,  a  few  days 
after  the  o}>eration,  a  remarkable  change 
in  the  appearance  of  the  incisor  teeth. 
As  the  teeth  in  these  animals  are  gradu- 
ally worn  away  in  mastication  and  repro- 
duced, the  lower  jaw  being  deviated  by  the  action  of  the  muscles  of  the 
sound  side,  the  upper  incisor  of  one  side  and  the  lower  incisor  of  the  other 
tijuch  each  other  but  slightly  and  the  teeth  are  worn  uneveidy.  This  makes 
the  line  of  contact  between  the  four  incisors,  when  the  jaws  ai"e  closed,  ob- 
lique instead  of  horizontal. 


f" 


Fio.  I^H.  —  Inrisom  of  fhe  rabbity  br/orr  mid 
aftfr  MfriUm  o/  the  nrrvt  of  maatiention 
(Ik'rnardi. 

A*  iticlj*oi>i,  noimnl  nrnKlition. 

B,  inci»t»rR,  S'^'veQ  day 8  after  sectioii  of  the 
nerve  on  ooe  side' 
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There  is  little  left  to  say  with  regard  to  the  uses  of  the  motor  root  of  to 
fifth  nerve,  in  addition  to  the  description  of  the  action  of  the  miiJ5i:le»  of  mir 
tication,  contained  in  the  chapters  on  digestion,  except  as  reganis  the  action 
of  the  filaments  sent  to  the  muscles  of  tlie  velum  fjalati.  In  deglntitkiti  tb^ 
ninseles  of  rausticiition  are  indirectly  involved.  This  act  cjui  not  Iw  tii, 
performed  unless  the  mouth  be  closed  by  these  muscled.  When  the  food  « 
brought  in  contact  with  the  velum  palati,  muscles  «re  broii   '  i  r>  ^ 

which  render  this  membrane  tcnse»  so  that  the  opening  is  ^i  ^  •  ii^ 

size  of  the  alimentary  bolus.     These  muscles  are  aDimated  by  the  motor  i 
of  the  fifth*     This  nerve,  then,  is  not  only  the  nerve  of  mastication,  aniiDAt>1 
ing  all  of  the  muscles  concerned  in  this  act^  except  two  of  the  most  auimpoc^j 
tant  depressors  of  the  lower  jaw  (the  genio-hyoid  and  th©  plat^^tuna  myoic 
but  it  h  coQcemed  indirectly  in  deglutition. 

Facial^  or  Nerve  of  Expressiox  (Seventh  Xerve). 

The  anatomical  relations  of  the  faciid  nerve  are  qmt«  intrittite  aiui  it 
communicates  freely  with  other  nerves.  As  far  as  can  be  determined  by  eiper^ 
iments  upon  living  animals,  this  nen^e  is  exclusively  motor  at  its  origin;  bm 
in  its  course  it  presents  anastomoses  with  the  sympathetic,  with  bnt&chfs  of 
the  fifth  and  with  the  cerncal  nerves,  undoubtedly  receiving  aensorj  filameau 

Phym'ological  Aualtmiy, — The  facial  nerve  has  it^  apparent  origii 
the  lateral  portion  of  the  medulla  oblongata^  in  the  grwjve  between 
vary  and  restiform  bodies,  just  below  the  border  of  the  pons  Varolii, 
trunk  Ix^ing  internal  to  the  trunk  of  the  auditory  uer^'e.     It  is  separatfd  1 
the  auditory  by  the  two  filaments  constituting  what  is  known  as  the  int 
diary  nerve  of  Wrisberg,  or  the  portio  inter  dnram  et  molleni-    As  thb  litl 
nerve  joins  the  facial,  it  is  usually  included  in  its  root. 

Many  anatomists  have  endeavored  to  trace  the  fibres  of  the  fiirial  fn 
their  point  of  emergence  from  the  encephalon  to  their  true  origin,  hut  wn 
results  not  entirely  satisfactory.     Its  fibres  pass  inward,  with  one  or  two  - 
via t ions  from  a  straight  course,  to  the  floor  of  the  fourth  veutrich*,  wli 
they  spread  out  and  become  fan-8ha|>ed.     In  the  floor  of  the  fourth  veiitrid 
certain  of  the  fibres  have  been  thought  to  terminate  in  the  cells  of  the 
substance,  and  others  have  been  traced  to  the  median  line,  where  thuy  4 
sate  \  the  course  of  most  of  the  fibres,  however,  has  not  Ix^en  sati 
established.     The  fibres  of  origin  of  the  intermediary  nerve  of  Wrisbe: 
been  traced  to  the  nucleus  of  the  glosso-pharyngeal. 

It  is  evident  from  physiological  experiments,  that  the  dei  5; 
fibres  in  the  floor  uf  tlie  fourth  ventricle  itself  is  not  very  iup]  V 

pian  miule,  in  dogs  and  mbbits,  a  longitudinal  section  in  the  middle  linej 
the  ventricle,  which  would  ncfessarily  have  divided  the  fibres  passing 
one  side  to  the  other,  without  producing  notable  paralysis  of  the  fa**ial  nei 
upon  either  side.     This  single  fact  is  sufficient  to  show  that  the  main  d 
aation  of  the  fibres  animuting  the  muscles  of  the  face  takes  place,  if  at  all*j 
Dme  other  point 

The  patholo^cal  facts  bearing  upon  the  question  of  decossatioii  of 
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filaments  of  origin  of  the  fanial  have  long  been  recognized.  They  are  in 
hr'wt  its  follows:  When  there  is  a  lesion  of  the  bniiu-substunee  anterior  to 
tlie  i>ons  Varolii^  the  phenomenu  due  to  paralysig  of  the  facial  are  observed 
upon  the  same  side  as  the  hemiplegia,  opposite  the  side  of  injury  to  the  brain. 
When  the  lesion  ia  either  in  the  pons  or  below  it,  the  face  is  affected  upon 
the  8:ime  side,  and 
not  upon  tlie  side 
of  the  hemiplegia. 
This  ig  called  alter- 
nate pamlvi^is.  In 
view  of  these  fact^, 
the  phenomenuM  of 
hemipk*gia  upon 
one  aide  and  facial 
paralysis  upon  the«l 
other  is  regarded 
as  indicating,  with 
"tolerable  certain ty, 
tliat  the  injury  to 
the  brain  has  oc- 
curred upon  the 
same  side  as  the 
faciid  paralysiti, 
either  within  or 
posterior  to  the 
pons  Varolii. 

As  al  really  stat- 
ed, the  fibres  of  or- 
igin of  the  faf'ial 
have  been  trttced  to 
the  floor  of  the 
fourth  ventricle, 
where  a  few  decus- 
sate but  most  of 
them  are  lost.  The 
<jiit**ition  now  is» 
wht-ther  or  not  the 

fibres  pass  up  through  the  pons  and  decussate  above,  as  the  pathological  facta 
just  noted  would  seem  to  indicate.  Anatomical  researches  upon  tliis  point 
are  not  satisfactory,  and  the  existence  of  such  a  decussati^ju  has  never  been 
clearly  demonstrated.  The  pathological  observations,  nevertheless,  remain ; 
and  how^ever  indetinite  anatomical  researches  may  have  been,  there  can  be 
no  doubt  tliat  lesions  in  one  lateral  half  of  the  pons  affect  the  fa4:*ial  upon 
the  same  side,  wiiile  k\*^ions  above  have  a  crossed  action.  The  most  tliat  can 
be  said  upon  this  point  is  that  it  is  a  reasonable  inference  from  pathological 
facts  that  the  nerves  decussate  anterior  to  the  pons. 


Flfi*  lW,Suf}erJlciaJ  branches  of  thf  /acini  and  the  fifth  rnii^iifelil), 
trmik  of  thf  ftict<ifi  *i.  pf*»termr  auriculttrnf'n?t: ;  8,  branch  nhirh  it  rtT 

fUaivfX  fram  the  rfrvi'-n!  pti   riif>;  ;    },  nfcififul  hntnrh  ;  ft,  ^,hrtM%ih*'i.  to  the 

mUftrirM  uf    '  i-h  to  thv  ^tylo-h^oid 

m  lisr^f  ;  1A  '>ns nchen  ;  lU  fron tat 

hninfh's;  .  ' r f^l  ,*  K^,  «« W,  Or  *rufr- 

r<^iuh<s;    }^t,  lajtiit'i- trnt$iufil  hranch  ;  16^ 

/ !  hrtinrhf'a :   IS,  superllcitil   teiiiTxtrn)   fii+nre 

'  trodtal  iit*pve»  <bmm!hes  of  tho  fifth  K  31*  SS, 

23,  ^1, 2,'..  '^'J,  27,  bfiiiieht^K  Q*f  the  fifUl ;  SB,  3», «),  81,  32,  bmiichesof  the  ccr 

vical  nerves. 
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The  main  root  of  the  facial,  the  auditory  nerve  and  the  intermeflian 
nerve  of  Wrisl>erg  pass  together  into  the  internal  anditory  nieatn;?.  At  \ht 
bottom  of  the  meatus,  the  facial  and  the  nerve  of  Wnst>erg  enU*r  ihv  ikqujw 
ductus  Fallopii,  following  its  course  through  the  petrouB  portion  of  the  Una- 
poral  bone.  In  the  aqueduct  the  nerve  of  Wrisberg  presents  a  little,  gaa^io- 
form  enlargement  (geniculate  ganglion)  of  a  reddish  color,  which  had  bem 
shown  to  contain  ner\e-cell8.  The  main  root  and  the  intermediary  htm 
then  unite  and  form  the  common  trunk  of  the  facial,  which  emerge*  tnm 
the  cranial  ca^ity,  by  the  stylo-mastoid  foramen. 

In  the  aquaeductus  Fallopii  the  facial  gives  off  the  following  hninch(^: 

1.  The  large  petrosal  branch  is  given  off  at  the  ganglioform  enlargement 
and  goes  to  Meckel's  ganglion* 

2.  The  small  petrosal  branch  is  given  off  at  the  ganglioform  enlargemeuj 
or  a  very  short  distance  beyond  it  and  passes  to  the  otic  ganglion, 

3.  A  small  branch,  the  tympamc,  is  distributed  to  the  8ta[>etiius  muicle. 

4.  The  chorda  tympani  passes  through  the  cavity  of  the  t  \  and 
joins  the  lingual  branch  of  the  inferior  maxillary  division  of  t  .as  it 
passes  between  the  two  pterygoid  muscles,  with  which  nerr©  it  bdoamm 
closely  united. 

5.  Opposite  to  the  point  of  origin  of  the  chorda  tympam,  a  communicai- 
ing  branch  passes  between  the  facial  and  the  pneumogastric,  oonneciing  tb«e 
nerves  by  a  double  inosculation* 

The  live  branches  above  describeil  are  given  off  in  the  aqmeductus  Fd 
lopii.  The  following  branches  are  given  off  after  the  ner^^e  has  emergei 
from  the  cranial  cavity ; 

1.  Just  after  the  facial  has  passed  out  at  the  stylo-mastoid  fonunffin^  il 
sends  a  small,  communicating  branch  to  the  glosso-pharvnigeal  Dierve*  Thii 
branch  is  sometimes  wanting. 

%  The  posterior  auricular  nerve  is  given  off  by  the  facial,  a  little  beloflr 
the  stylo-mastoid  foramen.  Its  superior  branch  is  distributed  t^i  the  »- 
tmhens  aurem  and  the  attollens  aurem,  In  its  course  this  nerve  r«9eivoi« 
communicating  branch  of  considerable  size  from  the  cervical  plexus,  hy 
auricularis  magnus.  It  sends  some  filaments  to  the  integument  TIm^  i: 
ferior,  or  occipital  branch,  tlie  larger  of  the  two,  is  distriliute*!  to  th«*  iv*ri|i. 
tal  portion  of  the  occi pi to-fron talis  muscle  and  to  the  integument 

3.  The  digiL^tric  branch  is  given  off  near  the  root  of  the  posteriui  auu 
lar»     It  is  distributed  to  the  posterior  belly  of  the  digastric  muscle.     In  II 
course  it  anastomoses  with   filamenta  from   the  glo3so-phar}*ngeal 
From  the  plexus  formed  by  this  anastomosis,  filaments  are  given  off  to 
digastric  and  to  the  stylo-hyoid  muscle. 

4.  Xear  the  stylo-mastoid  foramen,  a  small  branch  is  given  off,  whieh  m 
distributed  exclusively  to  the  stylo-hyoid  muscle. 

5.  Near  the  stylo-mastoid  foramen,  or  sometimes  a  little  above  it,  a  \o 
delicate  branch  is  given  off,  which  is  not  noticed  in  many  works  on  anatt>m; 
It^is  described,  however,  by  Ilirschfeld,  under  the  name  of  the  ling'ual  branci 
It  peases  behind  the  stylo-pharyngeal  muscle,  and  then  by  the  sides  of  t 
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pharynx  to  the  base  6t  the  tongue.  In  its  course  it  receives  one  or  two 
branches  from  the  glosso-pharyugeal  nerve,  which  are  nearly  as  large  as  the 
original  branch  from  the  facial.  As  it  passes  to  the  base  of  the  tongue,  it 
anastomoses  again  by  a  number  of  filaments  with  the  glosso-pharyngeal.  It 
then  sends  filaments  of  distribution  to  the  mucous  membrane  and  finally 
passes  to  the  stylo-glossus  and  palato-glossus  muscles. 

Having  given  oil  these  branches,  the  trunk  of  the  facial  passes  through 
the  parotid  gland,  dividing  into  its  two  great  terminal  branches : 

1.  The  temporo-facial  branch,  the  larger,  passes  upward  and  forward  to 
be  distributed  to  the  superficial  muscles  of  the  upper  part  of  the  face ;  viz., 
the  attrahens  aurem,  the  frontal  portion  of  the  occipito-frontalis,  the  orbicu- 
laris palpebrarum,  corrugator  supercilii,  pyramidalis  nasi,  levator  labii  supe- 
rioris,  levator  labii  superioris  alseque  nasi,  the  dilators  and  compressors  of  the 
nose,  part  of  the  buccinator,  the  levator  anguli  oris  and  the  zygomatic  mus- 
cles. In  its  course  it  receives  branches  of  communication  from  the  auriculo- 
temporal branch  of  the  inferior  maxillary  nerve.  It  joins  also  with  the  tem- 
poral branch  of  the  superior  maxillary  and  with  branches  of  the  ophthalmic. 
It  thus  becomes  a  mixed  nerve  and  is  distributed  in  part  to  integument. 

2.  The  cervico-facial  nerve  passes  downward  and  forward  to  supply  the 
buccinator,  orbicularis  oris,  risorius,  levator  labii  inf erioris,  depressor  labii 
inferioris,  depressor  anguli  oris  and  platysma. 

General  Properties  of  the  Facial  Nerve, — It  has  long  been  recognized 
that  the  facial  is  the  motor  nerve  of  the  superficial  muscles  of  the  face  and 
that  its  division  produces  paralysis  of  motion  and  no  marked  effects  upon 
sensation.  It  is  evident,  also,  from  the  communications  of  the  facial  with 
the  fifth,  that  it  probably  contains  in  its  course  sensory  fibres.  Indeed,  all 
who  have  operated  upon  this  nerve  have  found  that  it  is  slightly  sensory 
after  it  has  emerged  from  the  cranial  cavity.  It  is  a  question,  however,  of 
great  importance  to  determine  whether  or  not  the  facial  be  endowed  with 
sensibility  by  virtue  of  its  own  fibres  of  origin.  The  main  root  is  evidently 
from  the  motor  tract,  resembles  the  anterior  roots  of  the  spinal  nerves,  and 
is  distributed  to  muscles ;  but  this  root  is  joined  by  the  intermediary  nerve 
of  Wrisberg,  which  presents  a  small,  ganglionic  enlargement,  that  is  analo- 
gous to  the  ganglia  upon  the  posterior  roots  of  the  spinal  nerves.  The  testi- 
mony of  direct  experimentation  is  in  favor  of  the  insensibility  of  the  facial 
at  its  origin.  It  is  true  that  the  intermediary  nerve  of  Wrisberg  has  a  cer- 
tain anatomical  resemblance  to  the  sensory  nerves,  chiefly  by  reason  of  its 
ganglioform  enlargement ;  but  direct  experiments  are  wanting  to  show  that 
it  is  sensory. 

Uses  of  the  Branches  of  the  Facial  given  off  within  the  Aqueduct  of  Fal- 
lopius, — The  first  branch,  the  large  petrosal,  is  the  motor  root  of  Meckel's 
ganglion.  This  will  be  referred  to  again,  in  connection  with  the  sympathetic 
system.  The  second  branch,  the  small  petrosal,  is  one  of  the  motor  roots  of 
the  otic  ganglion  of  the  sympathetic.  The  third  branch,  the  tympanic,  is 
distributed  exclusively  to  the  stapedius  muscle.  The  second  and  third 
branches  Mrill  be  again  considered,  in  connection  with  the  physiology  of  the 
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internal  ear.  The  fourth  branch,  the  chorda  tympani,  is  so  impartant 
it  demands  gpe<:ial  consideration.  The  fifth  branch  is  given  off  opposite 
origin  of  the  chortia  tjmpani  and  passes  to  the  pneumoga«tric,  to  which  imn 
it  probably  supplies  motor  filaments.  In  this  branch,  sensory  filaments  fm 
from  the  pneumogastric  and  conjstitute  a  part  of  the  seuaory  coniiQcttoiiiii( 
the  facial, 

Us€4f  (j/  the  Vhorda  TifmjmnL — Tliis  nerve  paiBseg  between  the  bonei 
the  ear  and  through  the  tympanic  cavity,  to  the  lingual  branch  of  the  infi 

rior  maxJUaiy  division  of  the  filth. 
.1- 


r^ 


=:"5.' 


which  it  joins  at  an  acut£  angle, 
tween  the  pterygoid  muscles. 
regartig  the  portion  of  the  firid 
which  furnishes  the  filaments  of  il 
chorda  tympani,  it  is  nearly  certaia^ 
that  these  come  from  the  intermedi* 
ary  nerve  of  Wrisbcrg. 

There  can  be  no  donbt  with  i^ 
gard  to  the  influence  of  the  chorda 
t\"mpani  upon  the  sense  of  taste  in 
the  anterior  two  -  thirds  of  tbt 
tongue.  In  cases  of  di^ea^e  or 
jury  in  which  the  root  of  the  fai^ii 
ig  involved  so  that  the  chorda 
^^%  pani  is  paralyzed,  in  addition  to  the 


tbij 
tym^ 


Fig.  tOOi— CSkmlo^jrit/ 
1,  2,  3.  4,  fkdtti  nerre  pafiM 

uiateBrar;.'  at  |.H-tn<*«Jid  tieri 

nopauLtiti  '^,  Rniall  ijetnioal  nerve 

chffTda  tyu.,. -  -  11.  \%  i:i,  varioua  branches    nrdinarv  nhenrimenii  of  naralrris  o/ 

the  superficial  muscles  of  the  faor, 
there  is  loss  of  tast-e  in  the  anterior  two-third»  of  the  tongue^  upon  the  side 
corresponding  to  the  lesion.  The  action  of  the  chorda  tympani  will  be  con- 
sidered again^  in  connection  with  the  physiology  of  gustation. 

InjlHi'nce  of  Various  Branches  of  the  Facial  ujmn  the  Movemttii^  nf  tll^M 
Pahtta  and  Vvula. — There  can  be  little  doubt  that  filaments  from  the  fad^^ 
animate  certain  of  the  movements  of  the  velum  palati  and  uvula.     Il  ha» 
been  observed  that  in  certain  cases  of  facial  paralpis  the  palate  upon  one 
side  is  flaccid  and  the  uvula  is  drawn  to  the  opposite  side;  but  these 
noraena  do  not  occur  unless  the  nerve  be  affected  at  its  root  or  within 
aquseductus  Fallopii.     It  is  tnie  that  the  uvula  frequently  is  drauTi  to< 
side  or  the  other  in  persons  unaffected  witli  facial  paralysis,  but  it  is 
the  less  certain  that  it  is  deriated  as  a  consequence  of  paralysis  of  the 
in  some  instances.     The  filaments  of  the  facial  which  influence  the  ] 
palati  and  azygos  uvuhe  muscles  are  derived  from  the  large  petrosal 
of  the  nerve,  passing  to  the  muscles  thrtmgh  Meckers  ganglion,  the  filamenli 
to  the  piilato-glossus  and  the  pakto*pbar>Tigeu8  being  given  off  from 
gloaso-pharyngeaU  but  originally  coming  from  an  anastomosing  branch | 
the  facial  ( Longet)*     As  regiirds  the  brancheis  of  communication  from 
glo8»o-pharyngeal,  r^nnget  hits  mentioned  a  preparation  by  Richet,  in 
muBeum  of  the  Ecole  de  medecine^  of  Paris,  in  which  branches  of  the  fa 
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upon  one  side  pass  directly  to  the  palHto-glos.sus  and  tlie  palato-pliarTOgeus, 
without  any  onnne4?tion  with  the  gki8go-p}Kiryngeal  nerve,  in  the  anatoniieal 
description  of  the  branches  of  the  faciul,  it  lias  already  been  noted  that  a 
filament,  described  by  Hirsehfeld,  passes  to  the  stylo^glossns  and  the  palato- 
glossus  muscles.  This  is  the  filament  affected  when  there  is  deviation  of  the 
point  of  the  tongue. 

In  view  of  the  exampleii  of  paralysis  of  the  palate  and  uvula  in  certain 
cases  of  facial  palsy,  the  fre<iueut  occurrence  of  contmctions  of  the  muscles 
of  these  partsi  upon  stiniulatit>n  of  the  facial  and  the  reflex  action  through 
the  glosso-pharyngeal  and  the  facial,  there  can  !:>e  little  donbt  that  the  mus- 
cles of  the  palate  and  uvula  are  animated  by  tilamentjj  derived  from  the  sev* 
enth  nerve*  The  effects  of  paralysis  of  these  muscles  are  manifested  by  more 
or  less  trouble  in  deglutition  and  in  the  pronunciation  or  certain  words,  with 
great  difliculty  in  ttie  expulsion  of  mucus  collected  in  the  back  pait  of  the 
mouth  and  the  phar>Tix. 

Uses  of  the  Exiernid  Branrkes  of  the  FariaJ. — The  general  action  of  the 
branches  of  the  facial  going  to  the  superficial  muscles  of  the  face  is  suffi- 
ciently evident,  in  view  of  what  is  known,  of  the  distribution  of  these  branches 
and  the  general  properties  of  the  nerve.  Throughout  the  writings  of  Charlea 
Bell,  the  fiicial  is  spoken  of  as  the  ^*  resph-atory  nerve  of  the  face/'  It  is 
now  recognized  as  the  nerve  which  presides  over  the  movements  of  the  su- 
perficial muscles  nf  the  face,  not  including  those  directly  concerned  in  the  act 
of  mastication.  This  being  its  general  action,  it  is  easy  to  assign  to  each  of 
the  external  branches  of  the  facial  its  particidar  odice. 

Just  after  the  facial  ncrvi^  has  passed  out  at  the  stylo-mastnid  foramen,  it 
sends  trj  the  glosso- pharyngeal  tlie  communicating  branch,  the  action  of  which 
has  just  been  mentioned  in  connection  with  the  movements  of  the  palate. 

The  posterior  auricular  branch,  becoming  partly  sensory  by  the  addition 
of  filaments  from  the  cervical  plexus,  gives  sensibility  to  the  integument  on 
the  back  part  of  the  ear  and  over  the  occipital  portion  of  the  occipito-frrm- 
talis  muscle.  It  aninuites  the  retrahens  and  tlie  attollens  aurcm,  muscles  that 
are  little  developed  in  n^an  tint  are  very  important  in  certain  of  the  inferior 
animals.  It  also  animates  the  posterior  portion  of  the  occipito-frontalis 
muscle- 

Tlie  brandies  distributc*d  to  the  posterior  belly  of  the  digastric  and  to 
the  stylo-hyoid  muscle  simply  animate  these  muscles,  one  of  the  uses  of 
which  is  to  assist  in  deghitition.  The  same  may  be  Siiid  of  the  filaments 
that  go  to  the  stylo-gloss  us. 

The  two  great  branches  diHtributed  upon  the  face,  after  the  trunk  of  the 
nerve  has  passetl  throngh  the  parotid  gland,  have  tfie  most  prominent  action. 
Both  of  these  branches  are  slightly  sensory,  from  their  connections  with 
other  nerves,  and  are  distributed  in  small  part  to  integument. 

The  temiMU'o-facial  branch  animates  all  of  the  muscles  of  the  upper  part 
of  the  face.  In  complete  paralysis  of  this  branch,  the  eye  is  constantly  open, 
even  during  sleep,  on  account  of  paralysis  of  the  orbicularis  muscle.  In 
cases  of  long  stand ingj  the  globe  of  the  eye  may  become  inflamed  from  con- 
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siant  exposure,  from  abolition  of  the  movements  of  winking  by  which  tii^l 
tears  are  distributed  over  its  surface  and  little  foreign  particles  are 
and,  in  short,  from  absence  of  the  protective  action  of  the  lids.    In 
cases  the  lower  lid  may  become  slightly  everted.     The  frontal  >f  tic" 

occipito-frontalis,  the  attrahena  aurem,  and  the  corrugator  sup^ 
are  ako  paialyzed.    The  moat  prominent  symptom  of  paral}^  of  these  i 
cles  is  inability  to  corrugate  the  brow  upon  on©  side, 

Paralvsis  of  the  muscles  that  dilate  the  nostrils  has  been  shown  to  hjn 
an  important  influence  upon  rej4]umtion  through  the  nose.     It  wa&  the  i 
chronisra  between  the  acts  of  dilatation  of  the  nostrils  and  the  moTemei!te< 
inspiration  wliicli  first  led  Charles  Bell  to  regard  the  fac*ial  as  a  re^pinito!] 
nerve.     In  instances  of  complete  panilysis  of  the  nostril  of  one  ^ide,  there  ii 
frequently  some  difficulty  in  inspiration,  even  in  the  human  subject 

Charles  Bell  and  others  have  also  noted  an  interference  with  olfiM^tifiiw 
due  to  the  inabUit;  to  inhale  with  one  nostril,  in  eases  of  facial  panlm 


Fia.  aui. 


Fiw.  W^i. 


Fto.  3CM. 


Fio.  3304,  Flo.  a06.  Fio,  A*i. 

Mrpre^ttiotiM  of  the  fact  producfd  hg  eontraction  of  the  muMclet  under  eieeirieai  e.iritaitam  (ht  Bi^ 

after  Duchenoe). 
Fig.  S01»  front  view  of  the  face  in  repose. 
Fig.  aos,  profile  trWw. 

Ftg.  lOa,  exprpffdoa  of  leaghter  tipoa  one  side,  prodiae«l  bv  contrartioa  of  the  KTgonielieae  nijor. 
1%.  904,  expnMHdoD  of  fear,  produced  bj  contractloa  of  the  frontal  muscle  and  tlie  iHijUw— iwatf  1M 

tower  Jaw. 
Fig,  905^  exprefliiioii  of  fear,  proflle  vtew. 
Fig.  W6,  expresAioD  of  fear  and  grvni  pain,  produced  by  oootraetkia  of  the  cormg&tor  stirK-n  illi  < 

the  depreaeora  of  the  lower  Jaw. 

The  influence  of  the  nerve  in  the  act  of  convejing  odorous  emanaii* -n*  to  i 
olfactory   membrane  is  sufficiently  evident,  after  what  has  been  Hud_ 
cerning  the  action  of  the  facial  in  respiration. 

The  effects  of  paralysis  of  the  other  superficial  muscles  of  the 
manifested  in  the  distortion  of  the  featm^es,  on  account  of  the  unoppo«c«l 
action  of  the  muscles  upon  the  sound  side,  a  phenomenon  which  is  mU 
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ficiently  familiar.  When  facial  palsy  affects  one  side  and  is  complete,  the 
angle  of  the  mouth  is  drawn  to  the  opposite  side,  the  eye  upon  the  affected 
side  is  widely  and  permanently  opened,  even  during  sleep,  and  the  face  has 
upon  that  side  a  peculiarly  expressionless  appearance.  When  a  patient 
affected  in  this  way  smiles  or  attempts  to  grimace,  the  distortion  is  much 
increased.  The  lips  are  paralyzed  upon  one  side,  which  sometimes  causes  a 
flow  of  saliva  from  the  corner  of  the  mouth.  In  the  lower  animals  that  use 
the  lips  in  prehension,  paralysis  of  these  parts  interferes  considerably  with 
the  taking  of  food.  The  flaccidity  of  the  paralyzed  lips  and  cheek  in  the 
human  subject  sometimes  causes  a  puffing  movement  with  each  act  of  expi- 
ration, as  if  the  patient  were  smoking  a  pipe. 

The  buccinator  is  not  supplied  by  filaments  from  the  nerve  of  mas- 
tication but  is  animated  solely  by  the  facial.  Paralysis  of  this  muscle  inter- 
feres materially  with  mastication,  from  a  tendency  to  accumulation  of  the 
food  between  the  teeth  and  the  cheek.  Patients  complain  of  this  difficulty, 
and  they  sometimes  keep  the  food  between  the  teeth  by  pressure  with  the 
hand.  In  the  rare  instances  in  which  both  facial  nerves  are  paralyzed,  there 
is  very  great  difficulty  in  mastication,  from  the  cause  just  mentioned. 

The  action  of  the  external  branches  of  the  facial  is  thus  sufficiently  sim- 
ple ;  and  it  la  only  as  its  deep  branches  affect  the  sense  of  taste,  the  move- 
ments of  deglutition,  etc.,  that  it  is  didicult  to  ascertain  their  exact  office. 
As  this  is  the  nerve  of  expression  of  the  face,  it  is  in  the  human  subject  that 
the  phenomena  attending  its  paralysis  are  most  prominent.  When  both 
sides  are  affected,  the  aspect  is  remarkable,  the  face  being  absolutely  expres- 
sionless and  looking  as  if  it  were  covered  with  a  mask. 

Spinal  Accessory  (Eleventh  Nerve). 

The  spinal  accessory  nerve,  from  the  great  extent  of  its  origin,  its  impor- 
tant anastomoses  with  other  nerves  and  its  peculiar  course  and  distribution, 
has  long  engaged  the  attention  of  anatomists  and  physiologists,  who  have 
advanced  many  theories  with  regard  to  its  office.  Its  physiological  history, 
however,  begins  with  comparatively  recent  experiments,  which  alone  have 
given  a  positive  knowledge  of  its  properties  and  uses. 

Physiological  Anatomy — The  origin  of  this  nerve  is  very  extensive.  A 
certain  portion  arises  from  the  lower  half  of  the  medulla  oblongata,  and  the 
rest  takes  its  origin  below,  from  the  upper  two-thirds  of  the  cervical  portion 
of  the  spinal  cord.  That  portion  of  the  root  which  arises  from  the  medulla 
oblongata  is  called  the  bulbar  portion,  the  roots  from  tlie  cord  constituting 
the  spinal  portion.  Inasmuch  as  there  is  a  marked  difference  between  the 
nses  of  these  two  portions,  the  anatomical  distinction  just  mentioned  is  im- 
portant. 

The  superior  roots  arise  by  four  or  five  filaments,  from  the  lower  half  of 
the  medulla  oblongata,  below  the  origin  of  the  pneumogastrics.  These  fila- 
ments of  origin  pass  to  a  gray  nucleus  in  the  medulla,  below  the  origin  of 
the  pneumogastric. 

The  spinal  portion  of  the  nerve  arises  from  the  upper  part  of  the  spinal 
87 
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cord,  between  the  anterior  and  posterior  roots  of  the  upper  fotir  or  fire  c«m. 
cal  nenres.  The  filaments  of  origin  are  six  to  eight  in  number.  Tbebi^ 
inferior  of  these  is  generally  single,  the  other  filaments  fraqtiently  Im| 
arranged  in  pairs.  These  take  their  origin  from  the  lateral  porlioii  of  lb 
cord  and  are  connected  with  the  anterior  cornua  of  graj  matter* 

Following  the  nerve  from  its  most  inferior  filament  of  origin  ftpwiri  i£ 
gradually  increases  in  size  by  union  with  its  other  roots^  enters  the  cranial  or- 
ity  by  the  foramen  magnum,  and  passes  to  the  jugular  foramen,  by  which  tt 
emerges,  with  the  glosso-pharyngeal,  the  pneumoga^ric  and  the  intcfial 
jugular  vein. 

In  its  course  the  spinal  accessory  anastomoses  with  several  nervea  Jut 
as  it  enters  the  cranial  cavity,  it  receives  filaments  of  commtmicatioii  firam 

the  posterior  roots  of  the  tsppei  twf 
cervical  nerves.  The^  filaiiieiila»  bov- 
ever,  are  not  constant  It  freqneftU? 
though  not  constantly  send^  a  few  Sk^ 
ments  to  the  superior  ganglion^  or  tbf 
ganglion  of  the  root  of  the  pnetunogtf- 
trie.  After  it  has  emerged  by  the  jug- 
ular foramen  it  sends  a  branch  of  i>oik 
siderable  size  to  the  pneuii]Ogaslric,b« 
which  nerve  it  also  receiver  a  fvw  jiii> 
ments  of  communicatiou.  In  its  coonr 
it  also  receives  filaments  of  oommitiiiB^ 
tion  from  the  anterior  branchei  of  tin 
second,  third,  and  fourth  certiol 
nerves. 

In  its  distribution  the  spinal  ■can* 
sory  present*  two  brunches.  The  iatff- 
nal,  or  anastomotic  branchy  pusei  ia 
the  pneumogastric  just  below  ibe  pfrpii* 
form  enlargement  which  b  soni 
culled  the  ganglion  of  the  tmnk  i»i  ti>p 
pneumogastric.  This  branch  is  cob- 
posed  principally  if  not  entirely  of  tk 
Fm.m.-spinnit>axmonfn^rve(Hhw:hfem.     filaments   that  take  their  origin  frn© 

It  trunk  of  the  fjMHftl  serve ;  S«  S,  fcloaM>i>luu-rn-  i    n        i  i  ,      *   ~,   .        , 

g^ai tw^rre ;  %  ^  poeumonfltrfic :  4. <  4.  trunk  the  medulla  oblongata.     As  It  joim  im 

.__, . —  ^  •  _ pneumogastnc  it  subclmdes  mta  xwn 

smaller  branches.  The  first  of  ihm 
forms  a  portion  of  the  pharyapit 
branch  of  the  pneur  The-^w^ 

ond  becomes  intima:  .    :-*d  with  ' 

pneumogastric,  lying   at  its  po«tef1 
portion,  and  furnishes  filaments  to 
inferior,  or  recurrent  laryngeal 
which  is  distributed  to  all  of  the  muscles  of  the  larynx  exct^pt  tb#( 


OL  noperfor  oerrlcal  fcmnirlioii ;  7.  7,  anAj^ro- 
moiis  of  the  first  two  cerrlc?*!  nerves  ;  K  ea- 
rotid  bruich  ot  the  m^mpiUhotic;  0.  la,  1 K 12, 
la.  bnuidie*  of  the  g^Toaso-ph&iyniir^:  14. 15^ 
bnuicbe*  of  the  facioJ  :  10.  octe  Kanf^lion  ;  17, 
atjiicular  branch  of  tli«>  pnettmai7a«tric  ;  18* 
ami*t*.intoting  bratwh  /mm  thtf  apinnl  ofceth 
mry  to  the  pni^umrtgcutric  :  lO*  anAfltomoBk 
Of  the  first  rair  of  cervical  iienre«  with  tlie 
flDbUain^  ^  9i,  anastomttMiM  of  the  tpinat  ac- 
CesMiry  trtth  the  stctnd  pntr  of  cervical 
ff^frvrf  I  «1.  pharjfHff^'at  plexus ;  82,  superior 
lar>'njc»l    nerre  ;    29.    external  U^  * 

n«?rTt: ;  M,  tnUldle  cervkial  gan^lkm. 
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thyroid.  The  passage  of  the  filaments  from  the  spinal  accessory  to  the  pharyn- 
geal branch  of  the  pneumogastric  is  easily  observed ;  but  the  fact  that  fila- 
ments from  this  nerve  pass  to  the  larynx  by  the  recurrent  laryngeal  has  been 
ascertained  by  physiological  experiments. 

The  external,  or  large  branch  of  the  spinal  accessory,  called  the  muscular 
branch,  penetrates  and  passes  through  the  posterior  portion  of  the  upper 
third  of  the  stenio-cleido-mastoid  muscle,  and  goes  to  the  anterior  surface  of 
the  trapezius,  which  muscle  receives  its  ultimate  branches  of  distribution. 
In  its  passage  through  the  sterno-cleido-mastoid,  it  joins  with  branches  from 
the  second  and  third  cervical  nerves  and  sends  filaments  of  distribution  to 
the  muscle.  Although  the  two  muscles  just  mentioned  receive  motor  fila- 
ments from  the  spinal  accessory^  they  are  also  supplied  from  the  cervical 
nerves;  and  consequently  they  are  not  entirely  paralyzed  when  the  spinal 
accessory  is  divided. 

Properties  ami  Uses  of  the  Spinal  Accessory. — Notwithstanding  the  great 
difficulty  in  exposing  and  operating  upon  the  roots  of  the  spinal  accessory, 
it  has  been  demonstrated  that  their  stimulation  produces  convulsive  move- 
ments in  certain  muscles.  By  stimulating  the  filaments  that  arise  from  the 
medulla  oblongata,  contractions  of  the  muscles  of  tlie  pharynx  and  larynx 
are  produced,  but  no  movements  of  the  stemo-mastoid  and  trapezius.  Stim- 
ulation of  the  roots  arising  from  the  spinal  cord  produces  movements  of  the 
two  muscles  just  mentioned  and  absolutely  no  movements  in  the  larynx  (Ber- 
nard). In  view  of  these  experiments,  it  is  evident  that  the  true  filaments  of 
origin  of  the  spinal  accessory  are  motor ;  and  it  is  farther  evident  that  the 
filaments  from  the  medulla  oblongata  are  distributed  to  the  muscles  of  the 
pharynx  and  larynx,  while  the  filaments  from  the  spinal  cord  go  to  the  ster- 
no-cleido-mastoid and  trapezius. 

The  trunk  of  the  spinal  accessory,  after  the  nerve  has  passed  out  of  the 
cranial  cavity,  has  a  certain  degree  of  sensibility.  If  the  nerve  be  divided, 
the  peripheral  extremity  manifests  recurrent  sensibility,  but  the  central  end 
is  also  sensible,  probably  from  direct  filaments  of  communication  from  the 
cervical  nerves  and  the  pneumogastric. 

Uses  of  the  Internal  Branch  from  the  Spinal  Accessory  to  the  Pneumo- 
gastric. — Bischoff  attempted  to  ascertain  the  uses  of  this  branch  by  dividing 
the  roots  of  the  spinal  accessory  upon  both  sides  in  a  living  animal.  The 
results  of  his  experiments  may  be  stated  in  a  very  few  words :  He  attempted 
to  divide  all  of  the  roots  of  the  nerves  upon  both  sides  by  dissecting  down  to 
the  occipito-atloid  space  and  penetrating  into  the  cavity  of  the  spinal  canal. 
In  the  first  three  experiments  upon  dogs,  the  animals  died  so  soon  after  sec- 
tion of  the  nerves,  that  no  satisfactory  results  were  obtained.  In  two  suc- 
ceeding experiments  upon  dogs,  the  animals  recovered.  After  division  of 
the  nerves  the  voice  became  hoarse,  but  a  few  weeks  later  it  became  normal. 
On  killing  the  animals,  an  examination  of  the  parts  showed  that  some  of  the 
filaments  of  origin  had  not  been  divided.  An  experiment  was  then  made 
upon  a  goat,  but  this  was  unsatisfactory,  as  the  roots  were  not  completely 
divided.     Finally  another  experiment  was  made  upon  a  goat.     In  this  the 
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results  were  more  siitigfactorv.  After  diTision  of  the  ner^'e  upon  ooe  iidt, 
the  Toice  became  hcmrse.  As  the  tilaments  were  divided  upon  the  op|iiMk 
side,  the  voice  was  enfeebled,  until  finally  it  became  extinoL  The  mtnti 
emitted  afterward  was  one  which  could  in  nowise  be  caOed  voice  (**  fui  Jifirii- 
quam  vox  appdlari  potfiif''').  This  experiment  was  made  in  the  prts^miecf 
Tiedemann  and  Seubertns  and  was  not  repeated. 

Bernard,  who  (letermlned  exactly  the  influence  of  the  t=]anul  a^  =  - 
over  the  vocal  movements  of  the  larynx,  first  repeated  the  ♦  .\]m  nrri*  n^  if 
Bischoff ;  but  the  animals  operated  ui)on  died  so  sooa,  from  hemorrhage  or 
other  causes,  that  his  observations  were  not  satiafftctor>%  After  many  uimc- 
cessful  trials,  he  succeeded  in  overcoming  all  diffieulties,  by  foUomin^  lb* 
trunk  of  the  nerve  back  to  the  jugular  foramen,  seizing  it  here  with  a  rtiwig 
forceps  and  drawing  it  out  by  the  roots.  The  operation  is  generally  mm 
guccessful  in  cats,  although  Bernard  succeeded  frec^uently  in  other  aninudu 

When  one  spinal  accessory  is  extirpated,  the  vocal  sounds  are  h<iar^*  an-.l 
unnatund.     When  b^jth  nerves  are  torn  out,  in  a'Jdition  to  the  disturb' "f^' 
of  deglutition  and  the  partial  jmralysis  of  the  sterno-roa^toid  and  tr 
muscles,  the  voice  becomes  extinct.     Animals  operated  n{>on  in  tf 
move  the  jaws  and  make  evident  etforts  to  cry,  but  no  vocal  sonnd  is  ii. 
Bernai"d  kept  animals,  with  both  nerves  extirpated,  for  several  month-  r  , 
did  not  observe  any  return  of  the  voice.     His  observation^  wLi-l!  h-.iM-  >- 
fully  confirmed,  show  that  the  internal  branch  of  the  spinal  aKiv>.<.>r;i  i- 
nerve  of  phonation*     The  filaments  which  preside  over  the  vocal  mornr 
of  the  larnix  pass  in  greatest  part  through  the  recurrent  laryngeal  hrai   i  * 
of  the  pneumogastrics ;  but  the  recurrent  laryngeals  also  cout^iin  mol-jr  t.^ 
ments  from  other  sources,  which  latter  are  concerned  in  the  respiratory  nuni^ 
ment*  of  the  glottis. 

Inflftenm  of  the  Internal  Branch  of  the  Spinal  Accessory  f4pon  Df^^Iuh^ 
tion. — There  are  two  ways  in  which  deglutition  is  affected  through  tli^ 
nerve:  L  When  the  larynx  is  paralyzed  as  a  consequence  of  extirjmir*"  - ' 
both  nerves,  the  glottis  can  not  be  completely  closed  to  prevent  the  en 
of  ffvreign  liodie^  into  the  air-pas^iages.     In  rabbits  particularly,  it  lui 
uoIlkI  that  iiartioles  of  food  penetrate  the  trachetiand  find  their  way  iii 
lungs.     2.  The  spinal  accessory  furnishes  filaments  to  the  pharvngeal  bnttiih 
of  the  pneumoga^^trie,  and  through  this  nen^e,  it  directly  affects  the  mttsckM 
of  deglutition ;  but  the  muscles  animated  in  this  way  by  the  spinal  acoeseort 
have  a  tendency  to  draw  the  lips  of  the  glottis  together*  while  they  asLst  ifl 
pa^ng  the  alinientarv'  bolus  into  the  oesophagus.     When  these  important 
acts  are  wanting,  there  is  some  difficulty  in  the  process  of  deglutition  itedf, 
as  well  tts  danger  of  the  passage  of  foreign  particles  into  tlie  larynx. 

Influence  of  the  Spina!  Acressortf  upon  the  Henri, — The  spinal  acoewwr 
furnishes  t^  the  pneumogastrie  the  inhibitory  fibres  which  influence  the 
action  of  the  heart.  A  sufficiently  powerful  Fanwlic  current,  passed  throag^ 
one  pneumogastric  only,  wiQ  in  some  animals  arrest  the  eanliac  moven 
Waller  found  that  if  he  extirpated  the  spinal  accessory  upon  one  side,  i 
four  or  five  days  the  action  of  the  heart  could  not  be  arreated  by  stimulatiiiK 
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the  pneumogastric  upon  the  same  side ;  but  inhibition  followed  stimulation 
of  the  pneamogastric  upon  the  opposite  side,  on  which  the  connections  with 
the  spinal  accessory  were  intact.  In  these  observations,  it  seemed  necessary 
that  a  sufficient  time  should  elapse  after  extirpation  of  the  spinal  accessory 
for  the  excitability  of  the  filaments  that  join  the  pneumogastric  to  become 
extinct ;  but  the  experiments  are  sufficient  to  show  the  direct  inhibitory  in- 
fluence of  the  spinal  accessory  upon  the  heart.  After  extirpation  of  the  spi- 
nal accessory,  degenerated  fibres  are  found  in  the  trunk  of  the  pneumogastric. 
The  mechanism  of  inhibition  of  the  heart  has  already  been  considered  in 
connection  with  the  physiology  of  the  circulation. 

Uses  of  the  External^  or  Muscular  Branch  of  the  Spinal  Accessory. — 
Observations  have  shown  that  the  internal  branch  of  the  spinal  accessory, 
and  the  internal  branch  only,  is  directly  concerned  in  the  vocal  movements 
of  the  larynx,  and  to  a  great  extent,  in  the  closure  of  the  glottis  during 
deglutition.  It  has  been  noted,  in  addition,  that  animals  in  which  both 
branches  have  been  extirpated  present  irregularity  of  the  movements  of  the 
anterior  extremities  and  suffer  from  shortness  of  breath  after  violent  muscu- 
lar exertion.  The  use  of  the  corresponding  extremities  in  the  human  subject 
is  so  different,  that  it  is  not  easy  to  make  a  direct  application  of  these  experi- 
ments ;  still,  certain  inferences  may  be  drawn  from  them  with  regard  to  the 
action  of  the  external  branch  in  man. 

In  prolonged  vocal  efforts,  the  vocal  chords  are  put  upon  the  stretch,  and 
the  act  of  expiration  is  different  from  that  in  tranquil  breathing.  In  sing- 
ing, for  example,  the  shoulders  frequently  are  fixed ;  and  this  is  done  to  some 
extent  by  the  action  of  the  stemo-cleido-mastoid  and  the  trapezius.  It  is 
probable,  then,  that  the  action  of  the  branch  of  the  spinal  accessory  which  goes 
to  these  muscles  has  a  certain  synchronism  with  the  action  of  the  branch  going 
to  the  larynx  and  the  pharynx ;  the  one  fixing  the  upper  part  of  the  chest  so 
that  the  expulsion  of  the  air  through  the  glottis  may  be  more  nicely  regu- 
lated by  the  expiratory  muscles,  and  the  other  acting  upon  the  vocal  chords. 

In  what  is  known  as  muscular  effort,  the  glottis  is  closed,  the  thorax  is 
fixed  after  a  full  inspiration,  and  respiration  is  arrested  so  long  as  the  effort, 
if  it  be  not  too  prolonged,  is  continued.  The  same  synchronism,  therefore, 
obtains  in  this  as  in  prolonged  vocal  efforts.  In  experiments  in  which  the 
muscular  branch  only  has  been  divided,  shortness  of  breath,  after  violent 
muscular  effort,  is  observed ;  and  this  is  probably  due  to  the  want  of  syn- 
chronous action  of  the  sterno-cleido-mastoid  and  trapezius.  The  irregularity 
in  the  movements  of  progression  in  animals  in  which  either  both  branches 
or  the  muscular  branches  alone  have  been  divided  is  due  to  anatomical  pecul- 
iarities. Bernard  has  observed  these  irregularities  in  the  dog  and  the  horse, 
but  they  are  not  so  well  marked  in  the  cat.  There  have  been  no  opportuni- 
ties for  illustrating  these  points  in  the  human  stibject. 

SuBLiXGUAL  (Twelfth  Nerve). 

The  last  of  the  motor  cranial  nerves  is  the  sublingual ;  and  its  action  is 
intimately  connected  with  the  physiology  of  the  tongue  in  deghitition  and 
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tirtioiilattoD,  althotigh  the  sublingual  m  also  distributed  to  oertjun  of  th« 
musoles  of  the  uetk. 

Physiohttjical  Anatomy. — The  apparent  origin  of  the  gublin^ual  i?  frwra 
the  meilullu  oblongatii,  in  the  groove  between  the  olivary  bodj  and  ibf 
anterior  pyramid,  on  the  line  of  the  anterior  roots  of  the  spinal  nertea.  At, 
this  point,  its  nx^t  is  formed  of  ten  to  twelve  filaments,  which  extend  fi 
the  inferior  portion  of  the  olivary  bcxiy  t<:>  al>out  the  juncti- 
with  the  middle  third  of  the  medulla-  These  iilamentfi  of  •  ^ 
rated  into  two  groups,  superior  and  inferior.  From  this  apparent  orifin, 
filaments  have  been  ti*aced  into  the  gray  matter  of  the  floor  of  the  foui 
ventricle,  between  the  deep  origin  of  the  pneumogastric  and  the  gl(MBK 
pharyngeal  Although  there  is  much  difference  of  opinion  upon  thi^  p^iiiit, 
it  Is  probable  that  some  of  the  tllaraentfi  of  origin  of  these  nerves  decoiBatf 
in  the  flexor  of  the  fourth  ventricle.  The  superior  and  inferior  fihunents  'i( 
origin  of  the  nerve  unite  to  form  two  bundles,  which  pass  through  di^tbi 
perforations  in  the  dura  mater.  These  two  bundles  then  pass  inUi  fheanw* 
rior  condyloid  foramen  and  unite  into  a  single  trunk  as  they  emerge  fp^m 
the  cranial  cavity. 

After  the  subhngual  has  passed  out  of  the  cranial  caritj^  it  anastoindce^ 
w  ith  several  nerves.  It  sends  a  filament  of  eommunicfttion  to  the  syttpt- 
thetic  as  it  bnioehes  from  the  superior  cervical  ganglion.  Soon  after  it  \m 
passed  through  the  foramen^  it  sends  a  branch  to  the  pneumogastric  It 
anastomoses  by  two  or  three  branches  with  the  upper  two  oenrical  nerns* 
the  filaments  passing  in  both  directions  betw^een  the  nerves.  It  anaeftomoi» 
with  the  lingual  branch  of  the  fifth,  by  two  or  three  filaments  passing  i^^ 
directions* 

In  its  distribution  the  sublingual  presents  sevenil  jiK^culuintics: 

Its  first  branch,  the  descendens  noni^  passes  down  the  ne<^k  to  th«^ 
hyoid,  sterno-thyroid  and  omo-hyoid  muscles. 

The  th)To-hyoid  branch  is  distributed  to  the  thyro-hyord  muscle. 

The  other  branches  are  distributed  to  the  stylo-glossus,  hyo-glossus. 
hyoid  and  gcnio-hyo*glossu8  muscles,  their  terminal  filamenta  going  to  Utf 
intrinsic  muscles  of  the  tongue. 

It  is  thus  seen  that  the  sublingual  nerve  is  distributed  to  all  of  the  mii»* 
eles  in  the  infra-hyoid  region^  the  action  of  which  is  to  depress  the  ! 
and  the  hyoid  bone  after  the  passage  of  the  alimentary  bolus  thmu;^ 
phaiTUx  J  to  one  of  the  muscles  in  the  supra-hyoid  region,  the  geuio-hji 
to  mo«t  of  the  muscles  which  move  the  tongue ;  and  to  the  '  r  fil 

of  the  tongue  it^lf.     The  action  of  these  muscles  and  of  the  i     .^,      a^ 
deglutition  has  already  been  fully  discussed. 

Propertie.s  and  Ujife^s  of  the  SublinguaL — The  fact  that  the  so 
nerve  ai-ises  from  a  continuation  of  the  motor  tract  of  the  spinal  corf 
has  no  ganglion  upon  its  main  root  would  lead  to  the  supposition  that 
an  exclusively  motor  nerve.    In  oj>erating  upon  the  roots  of  the  spinal 
sory — when  the  origin  of  the  sublingual  is  necessarilj  exposed — Longet 
irritated  the  roots  In  the  dog,  without  any  evidence  of  pain  on  the  part  of 


■  '  f  iM  /  nrrva  (Sappejr). 

,  root  of  th«?  fifth  nerve  ;  S,  canplion  ni  diiss*!  ,  i.  4.  1, 1.,  :   "  '-^  **  i,  , ,    ii  ,,j,  j^j^jj  ftna«toiii(m«H  of  the 

flfUi  uerve  :  H,  aubmaxUltir>'  K'J^ii^hon  ;  J^,  Atitfrior  Ihi:  tiiii{«cle  ;  14.  t^chcu  of  the 

iii^U»*hy"i<1  miiHCie  t  IS,  glr»H>M»  |>!i«rviitit'ul  ntTv**  ;  1«  f  1  ^h  ;  IT,  1K+  branch*-*  v»f  the 

jglriv        V    ■    'i-oftl  nen'e  ;  lt»,  H^  |#rieaino;<aHtru' :   '"'    '  tiir  imeuruog^oMtrie  ;  22.  2^,  su- 

iM-r                       a\  bmJK^h  uf  tli*^  piifUiiioK'iuttric  ,  1  y  niTve  ;  24,  gublitiifiuit  ntrriv  i 

».                         iioni ;  afl.  thtfro-htf'ttft  hrfinth  ;  iJ7,  .'st;  28,  tteo  branchen^  one  to  the 
fft^nnj-n  ijt}'*jf  i.'iBtiJS'  and  thv  tylJier  to  the  ffenivhjfvid  tn  tt.yt nr. 

sensibility  at  its  origin.  All  modern  ejcperiment'en?  have  confirmed  the 
observations  of  Mayo  and  of  Magendi^,  with  regard  to  the  sensibility  of  the 
gubiingual  after  it  luis  piisst*d  out  of  the  cranial  cavity.  The  anastomoses  of 
this  ntTVe  with  the  iij»]ier  two  eervieal  nerves,  with  the  pneiimugjkstric,  and 
with  the  lingual  branch  of  the  fifth,  afford  a  ready  explanation  of  this  fact. 

The  sublingual  may  be  easily  exposed  in  the  dug  by  making  an  incision 
jnst  below  the  border  of  the  lower  jiiw,  tlitisecting  duwn  to  the  carotid  artery 
and  following  the  vessel  upward  until  the  nerve  is  seen  as  it  crosses  it^  course. 
On  applying  a  feeble  Famdic  current  at  this  point,  there  are  evidences  of 
sensibility,  and  the  tongue  is  moved  at  each  stimulation. 

The  phenomena  following  section  of  both  sublingual  nerves  point  directly 
to  their  uses.  The  most  notable  fact  observed  after  this  operation  is  that 
the  movements  of  the  tongue  are  entirely  lost,  while  general  sensibility  and 
the  sense  of  taste  are  not  alfected.  Tlie  phenomena  which  follow  division  of 
these  nerves  consist  simply  in  loss  of  power  over  the  tongue,  with  considei*a- 
ble  difficulty  in  deglutition. 
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In  the?  human  subject  the  sublingual  is  usually  more  or  1e«ss  uCfected  ia  i 
hemiplegiii.  In  these  cases,  as  the  patient  protrudes  the  tongue  lh«  pcnol  kl 
deviated.  This  is  due  to  the  unopposed  action  of  the  genio-hyi>-glo€Stts  Qpttq  [ 
the  sound  side,  which,  as  it  protrudes  the  tongue,  directs  the  point  toiarj  | 
the  side  affected  with  paralysis. 

A  disefise  of  rather  rare  occurrence  has  been  described  ander  the  narof 
of  gloBi;o-labial- paralysis,  which  is  charact-erized  by  paralysis  of  the  sublin- 
guals, affecting  also  the  orbicularis  oris  and  frequently  the  intrinsic  miwcla 
of  the  larynx.  The  phenomena  referable  to  the  loss  of  power  over  the  tori;^niiI 
corresjKtud  to  those  observed  in  animals  after  section  of  the  sublingual  nene^ 
Patients  affected  in  this  way  experience  difficulty  in  deglutition^  and  in  addi* 
tion  there  is  some  interference  with  articulation,  which  can  not  be  ob 
in  experiments  upon  animals* 

Trifacial  (Large  Root  op  the  Fifth  Nerve). 

A  single  nerve,  the  large  root  of  the  fifth  pair,  called  the  trifacial  i 

trigeminal,  gives  general  scnsibilitr  1 
the  face  and  to  the  head  as  far 
aa  the  vertex.     This  nerve  is  impoti 
tant,  not  only  as  tlie  great  temim 
nerve  of  the  face,  but  from  iU  coa 
nections  with  other  nerves  and  iU  i 
lutiong  to  the  organs  of  spcHiial  seoje.^ 
Physiological  A  n atomy, — The  sjhJ 
parent  origin  of  the  large  root  of  ihil 
Hfth  is  from  the  lateral  portion  of  \m\ 
linns  Varolii,  posterior  aud  inferior  to  I 
the  origin  of   the   small  root«  frQOi] 
which  it  is  separated  by  a  few  tmns-i 
verse  tibres  of  white  substancei.    Ths' 
deep  origin  is  far   removed  from  ite 
point  of  emergence  from  the  encepb^  i 
Ion*     The  roots  pass  entirely  throu^ 
the  substance  of  the  jjons,  from  witj 
out  inward   and  from    before 
ward,  without  any  connection  witJ 
the  iibres  of  the  pons  limit.     \\y  thi 
coui*8e  the  fibres  reach  the  meduU 
oblongata,  where  the  roots  divide  inll 
three  bundles.     The  anterior  bund 
ptisses  from  behind  forward,  lK5!we« 
the  anterior  fibres  of  the  )>ons  and  th 
cerebellar    portion    of  the  restifon 
bmiies,  to  anastomose  with  the  fibn 
of    the   auditory  nerve.     The  otl 
bundles,  which  are  posterior,  pass,  1 


Fio,  W!i,—Principoi  frmiirA*?*  «/  th^  large  root  of 
(he  fifth  nerif  i  Rohiu  i 

a,  ffftuiflion  of  Oaaaer  i  ci-ir,  nphfhalmic  divtMion 
of  tht'  fifth  i  6t  ophthalmic  gnvgUon  ,"  c, 
hraneh  from  the  ophthalmic  rlivtHion  nf  the 
fifth  to  th€  ophihmmic  go.ngh'on  :  rf,  mofor 
oculi  communis;  if,  carotfd  ^  /,  ciliary  nrrves ; 
Q^  cornea  and  IHit ;  a-h,  nuperior  maj-Hlary  di- 
vMon  of  the  Hfth  :  i,  two  brancht  h  from  the 
superior  majrilinr}/  tiivmon  of  thr  fifth  /o  the 
MjJkf-fio-pnlntine  ganglion  ;  j,  fltH*p  petronal 
nerve  ;  Jt,  niarrieulR  fiMjni  the  motor  ror»f  of  tlj© 
flflb  t<»  the  int**mttl  museJe  of  the  tnalleuit ;  I, 


oaso-palaliae  gnngUon  :  m,  otic  ganglion 
«niflil  iMiiierfti'ial  pi*tro«ml  nerve  ;   r>,  h 
of  the  fifth  to  the  ttthmarillary  nangtkm 
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a«*rve  of 
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brftnrhen  to  the  siiJjtiiiffunl  f/hmd 
nerve  :  r.  Rymparht^tic  f^n^lion  ; 
nmsUcatioQ  ;  t,  chorda  tifmjyoni, 
linnnai  f /ranch  uf  the  fifth  :  u,  Vifiion  nerve 
r,  !)raneh  from  the  inoif»r  rcx>t.  to  the  internal 
pterygoid  niiutele  ;  w,  bmnvA  of  th^  fifth  to 
the  Lxchrymnt  ijinnd :  x.  bend  of  the  fueial 
nerve  ',  y,  middle  tnenin^al  artery  ,•  z.  flja- 
ment  fn*m  tiiecartitid  plexiui,  to  tlie  ophllial- 
mle  frnnpjtion  :  0  and  2  are  not  in  the  fiifnre}3, 
ext^  •  palatine  fl  la  men  r.«i :  4,  It  plieni> 

P*^t  .  -a  ;  5,  najM>paUtioe  nerve  :  tt, 

ant<  '  !  '  nervH  ;  7,  mft-rinr  moj^tlUiry 

divuston  uj  tht'  fifth  ;  8,  uerve  of  Jacobtsun. 


TRIFACIAL  NERVE. 


660 


ir 


Vt   "' 


/ 


one  in  the  anterior  wall  of  the  fourth  ventricle  to  the  lateral  tract  of  the 
medulla  oblongata,  and  the  other,  becoming  grayish  in  color,  to  the  restiform 
bi*dies,  from  which  they  may  be 
followed  as  far  as  the  point  of  the 
calamus  scriptorius,  A  few  fibres 
from  the  two  sides  decussate  at 
the  median  iiiie,  in  the  anterior 
wall  of  the  fourth  ventricle.  From 
this  origin,  the  large  root  of  the 
fifth  passes  obliquely  upwanl  and 
forward  to  the  ganglion  of  Gtisser, 
whieh  is  situated  in  a  depression 
in  the  petrous  portion  of  the  tem- 
poral bone,  on  the  internal  portion 
of  its  anterior  face. 

The  Ga^sserian  ganglion  is  semi- 
lunar in  form,  with  its  concavity 
looking  upward  and  inward 
the  ganglion  the  nerve  reeeivea 
filaments  of  eommunioation  from 
the  carotid  plexus  of  the  sym- 
pathetic. This  anatomical  point 
is  of  importance  in  view  of 
some  of  the  remote  effects  which 
follow  division  of  the  fifth  nerve 
through  the  ganglion  in  living 
animals. 

At    the    ganglion    of    Gasser, 
from  its  anterior  and  external  por- 
tion, are  given  off  a  few  small  and  unimportant  branches  to  the  dura  mater 
and  the  tentorium. 

From  the  convex  border  of  the  ganglion  the  three  great  divisions,  or 
branches  arise,  which  liave  given  to  the  nerv^e  the  name  of  trifacial  or  tri- 
gemimiL  These  are:  1,  the  ophthalmic;  2,  the  superior  maxillary;  *3^  the 
inferior  maxillary.  The  ophthalmic  and  snjverior  maxillary  branches  are 
derived  entirely  from  the  sensory  root.  The  inferior  maxillary  branch  joins 
with  the  motor  root  and  forms  a  mixed  nerve. 

The  ophthalmic  branch,  the  first  division  of  the  fifth,  is  the  smallest  of 
the  tliree.  Bt'fore  it  enters  the  orbit  it  receives  filaments  of  connnunication 
from  the  smpathetic,  sends  small  branches  to  all  of  the  motor  nerves  of  the 
eyeball  and  give^  off  a  smalJ  recurrent  branch  which  passes  between  the 
layers  of  the  tentcjrium. 

Just  before  the  ophthalmic  branch  enters  the  orbit  by  the  sphenoidal  fis- 
sure it  divides  into  three  branches,  tlif-  lachrymal,  frontal  and  nasal. 

The  lachrymal,  the  smallest  of  the  three,  sends  a  branch  to  the  orbital 
branch  of  the  superior  maxillary  nerve,  passes  through  the  lachrymal  gland, 


FtOt.  2iO,—Ophthahtuc  divUion  of  Ihe  JiJ'ih  >  Ilirschfeld), 
l^ganjaUtm  of  G'ajispr :  2.  ophthalmic  (lirisifrn  of  the 
fifth  ;  3,  Inch rjf mat  branch  ;  4.  frontat  branch  ;  &, 
ejett-^mai  froHtiil  i  c],  intt^mal  franUiI ;  7,  sufn-ainp- 
ckf^ftr :  H,  tifual  branch  ;  fl,  exltrttiol  jiamii  :  10.  in- 
t^ntM  na»nt :  11,  anterior  deep  Unn|K>riil  nerve; 
i2,  mJdille  tl«*ep  temptira!  Drrvt* ;  13,  pn«teni>r  dt*p 
temptiral  wprve;  (i,  orii^ifi  of  the  «uperfl(iAl  t«iiiix>- 
ral  rn*rve;  15»  treat  superficial  petruua  nerve. 
I  to  XH^  nxAB  of  the  cramal  tierves. 
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which  certain  of  its  filaments  are  distributed,  and  it«  terminal  ffli 
^^0  to  the  conjunctiva  and  to  the  integument  of  tlie  upper  eyelicL 

The  frontal  branch,  the  largest  of  the  three,  divides  into  the  saprntrwh- 
lear  and  supradrbital  nerves.     The  supratroachleiir  passes  out  of  lh«  orbit 

between  the  supradrbitAl 
foramen  and  the  pulley  of 
the  guperior  oblique  mus- 
cle. It  sends  in  \U  coam 
a  long,  delicate  filameottt) 
tlie  nasal  branch  aud  h 
findlj  lost  in  the  mu-^* 
ment  of  the  forphe»»i. 
The  supraorbital  pasce 
(  _  ^//jiS^M^'~  'V  7  JHW^IWS  ^h^^g^i  t^^^  guprailrbitiil 
^^^^f^f'^l^/iKP^  r^^ui*^'  j0^    foramen,  sends  a  few  tlk- 

ments  \/o  the  u}»i»er  eyi*- 
lid,  and  euiiplies  the  fon^ 
head,  tlie  anterior  and  the 
median  j>ortionis  t»f  thi* 
scalp,  the  mucf>ii8  mmh 
brane  of  the  frontal  siiius, 
and  the  jiericraniam  cov- 
ering the  frontal  and  pari* 
etal  bones. 

The  nasal  bnuich.  l*^ 
fore  it  penetrates  the  orbit,  gives  off  a  long,  delicate  filament  to  tlie  uphihai]- 
mie  ganglion.  It  then  gives  olT  the  long  ciliary  nerves,  which  pass  to  the 
ciliary  muscle  and  iris.  Itis  trunk  finally  divides  into  the  external  nasal,  or 
iufratrochlearis,  and  the  internal  nasal,  or  ethmoidal-  The  infratrochleMm 
is  distributed  to  the  integument  of  the  forehead  and  na^,  to  the  intem»l 
surface  of  the  lower  eyelid,  the  lachrymal  sac  and  the  c^iruncula.  The  inter- 
nal nasal  is  distributed  to  the  mucous  membrane  and  also  in  part  to  the  in- 
tegument  of  the  nose. 

The  superior  maxillary  branch  of  the  fifth  pagses  out  of  the  cranial  car* 
ity  by  the  fr>ranien  rotundimi,  traverses  the  infraorbital  canal,  and  emerjfw 
upon  the  face  by  the  infraorbital  foramen.  Branches  from  xhh  nerve  aro 
given  off  in  a  spheno-inaxillary  fossa  and  the  infraorbital  canaU  before  it 
emerges  upon  the  face.  In  the  spheno-maxillary  fossa,  the  first  bruii  ' 
the  orbital,  which  passes  into  the  orbit,  giving  off  one  branchy  the  ten^ 
wliich  passes  through  the  temportd  fossa  by  a  foramen  in  the  malar  bone  i 
is  distributed  to  the  integument  on  the  temple  and  the  side  of  the  forehe 
Another  branch,  the  malar,  which  likewise  emergen  by  a  foramen  in 
malar  Ijone,  is  distributed  to  the  integument  over  this  bone.  In  the  spheo 
maxillary  fo^^^a,  are  also  given  off  two  branches,  which  pass  to  the  sph<*tj 
palatine,  or  ileckel's  ganglion.  From  this  portion  of  the  nen*e,  branch 
are  given  off,  the  two  posterior  dental  nerves,  which  are  distributed  to  \ 


Via.  'in^^Supertor  majtillary  (fivtsion  of  thf  fifth  rBlrschfeid) 
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molar  and  bicuspid  teeth,  the  mucous  membrane  of  the  corresponding  alve- 
olar processes  and  to  the  iintrum. 

In  the  infraorbital  canal,  a  large  branch,  the  anterior  dental,  is  given  off 
to  the  teeth  and  mneons  membrane  of  the  alveolar  processes  not  supplied 
by  the  posterior  den- 
tal branches.  This 
branch  anastomoses 
with  the  i>osterior 
dental 

The  terminal 
branches  upon  the 
face  are  distributed 
to  the  lower  eye- 
lid (the  palpebral 
branches),  to  the 
side  of  the  nose 
(the  nasal  branch- 
es)»  anastom«>sing 
with  the  nasal 
branch  of  the  oph- 
thalmic, and  to  the 
integument  and  the 
m neons  membrane 
of  the  upper  lip  (the 
labial  brunches)* 

The  inferior 
maxillary  is  a  mixed 
nerve,  composed  of 
the  inferior  division 
of  the  large  root 
and  the  entire  small 
root  The  distribu- 
tion of  the  motor 
filaments  fias  al- 
ready been  described.  This  nerve  passes  out  of  the  cranial  cavity  by  the  for- 
amen ovale,  and  then  separates  into  the  anterior  rli vision,  eontaiulng  nearly 
all  of  the  motor  lilaments,  and  tlie  posterior  divisiou,  whieli  is  chieily  sensory. 
The  sensory  portion  breaks  up  into  the  following  branches : 

1.  The  anriculo' temporal  nerve  supplies  the  integument  in  the  temporal 
region,  the  auditory  meatus,  the  integument  of  the  ear,  the  temporo-maxillary 
articulation  and  the  parotid  gland.  It  also  sends  branches  of  communica- 
tion to  the  facial, 

2.  The  lingual  branch  is  distributed  to  the  mucous  meml>rane  of  the 
tongue  m  far  as  the  point,  the  mucous  mendmine  of  the  mouth,  tlie  guma;^ 
and  to  the  sublingual  gland.  This  nerve  receives  a  branch  from  the  facial 
(the  chorda  tympani)  which  has  already  been  described.     From  this  nerve. 


Ffo,  2\2.—lti/eritir  tnaxilltir}/  division  ftf  thv  jifth  iHirsohfeld). 
I,  branch  fnztni  the  (inMor  ntt^t  to  thi*  mftsHetor  miiHi-le  :  '2,  fHaments*  from 
thiu  brauek  tti  the  ttfm(M>ral  tmiHt--le  ;  3,  buccal  brnnch  :  5,  U,  7,  braocht^ 
to  th<*  rmi^*ete-H  ;  H,  auriculit-tciu^f^rttt  neri^  ;  9,  tt^miHtml  hranvhen  ;  10, 
uut-icuiar  brancke-»  :  11,  anastomum*  with  the  facim  Hrvv*- :  Ti.  Imtfyial 
branch;  i3.  branch  of  ttie  motor  riwt  to  the  mylo-hyojd  muj^'le  ;  14,  15, 
K^  inferior  druidl  rimvr»  tntk  tts  hntnchra:  16,  mental  branch;  17, 
anastonuma  of  ikU  bmikch  with  f he  facial  hktit- 
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also,  are  given  off  two  or  three  branches  which  pass  to  the  i 

ganglion. 

3.  The  inferior  dental  nerve,  the  largest  of  the  three,  passefi  in  the  inlv 
stance  of  the  inferior  maxillary  tH)ne,  beneath  the  teeth,  to  the  mental  for^ 

men,  where  it  emerges  upon  the  face.  Theiu**? 
important  i*enR»ry  branches  are  those  which  wip. 
ply  the  pulp&of  the  teeth  and  the  bmnche^apon 
the  face-  The  nerve,  emerging  upon  the  hf^ 
by  the  mental  foramen,  called  the  mental  ner 
supplies  the  integument  of  the  chin  and  tfa 
lower  part  of  the  face  and  the  lower  lip.  It  i 
sends  certain  filanient.s  to  the  mucous  memb 
of  the  mouth* 

Properties  and  If^es  uj  tht  TrifndalA 
trifacial  is  the  great  sensory  nerve  of  th^  ] 
^^^"^^  \  and  of  the  mucous  membranes  lining  the  ctfi 

1  \  ties  about  the  head.     It  is  impcissible  to  gtimii 

\  late  this  nerve  at  its  origin  without  seriously  iq 

volving  other  parts,  but  all  obi^r^ntion*  wid 
regard  to  the  properties  of  the  large  root  go  J 
show  that  it  is  an  exclusively  sensory  nerve  \ 
that  its  sensibility  is  very  acute  as  compared  ftid 
other  nerves.  It  was  divided  in  the  cranial  otr 
ity  by  Mayo  (I825^-'23),  Fudera  (1823)  and  Mii- 
gendie  (1824).  Magendie  divided  the  nerve 
its  root  by  introducing  a  small,  cutting  ^yii 
through  the  skull.  lie  succeeded  in  keeping  the  animals  alive  for  sev 
days  or  weeks  and  noted  in  his  experiments  immediate  loss  of  ecu 
the  face  on  the  side  on  which  the  nerve  was  divided.  The  operati 
ure  employed  by  Magendie  has  been  followed  by  other  physiologists, 
larly  Bernard,  who  made  a  number  of  important  otiservations  on  the  in 
ate  and  remote  effects  of  section  of  the  nerve.  The  section  is  nsually 
through  the  ganglion  of  Gasser.  The  operation  is  difficult  on  account 
the  danger  of  wounding  large  blood-vessels.  When  this  operation  is 
formed  without  accident,  the  cornea  and  the  integument  and  mucous  njun 
brane  uj>on  that  side  of  the  liea«i  are  instantaneously  deprived  of  scnpibiiilj 
and  may  be  pricked,  lacerate<i  or  burned,  without  the  slightest  evidence  < 
pain  on  the  part  of  the  animal.  Almost  always  the  small  root  of  the  fifl 
is  divided  as  well  as  the  large  root,  and  the  muscles  of  mastication  are 
lyzed  ujKm  one  side;  but  with  this  exception,  there  ig  no  paralysis  o^  »'»* 
sensation  alone  being  destroyed  upon  one  side. 

Immediate  Effertn  of  Dwf»ion  of  the   Trifadal — This  nerv* 
been  exjiosed  in  the  cranial  cavity  in  living  animals;  but  its  l>ranv 
the  face  and  the  lingual  branch  of  the  inferior  maxillary  division  have  ' 
operated  uixm  ami  found  to  be  exquisitely  sensitive,     Physir»logists  have< 
posed  the  ruots  in  animals  immediately  after  death,  and  have  found 


Fio.  fan.— Limits  of  cuian^madistri- 
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stimulation  of  the  large  root  carefully  insulated  produces  no  muscular  con- 
traction. All  who  have  divided  this  root  in  living  animals  must  have  recog- 
nized, not  only  that  it  is  sensitive,  but  that  its  sensibility  is  far  more  acute 
than  that  of  any  other  nervous  trunk  in  the  body. 

As  far  as  audition  and  olfaction  are  concerned,  there  are  no  special  effects 
immediately  following  section  of  the  trifacial ;  but  there  are  certain  impor- 
tant phenomena  observed  in  connection  with  the  eye  and  the  organs  of 
taste. 

At  the  instant  of  division  of  the  fifth,  the  eyeball  is  protruded  and  the 
pupil  becomes  strongly  contracted.  This  occurs  in  rabbits,  and  the  contrac- 
tion of  the  pupil  was  observed  in  the  first  operations  of  Magendie.  The 
pupil,  however,  usually  is  restored  to  the  normal  condition  in  a  few  hours. 
After  division  of  the  nerve  the  lachrymal  secretion  becomes  very  much  less 
in  quantity ;  but  this  is  not  the  cause  of  the  subsequent  inflammation,  for 
the  eyes  are  not  inflamed,  even  after  extirpation  of  both  lachrymal  glands 
(Magendie).  The  movements  of  the  eyeball  are  not  affected  by  division  of 
the  fifth. 

Another  of  the  immediate  effects  of  complete  division  of  the  fifth  nerve 
is  loss  of  general  sensibility  in  the  tongue.  Most  experiments  upon  the  influ- 
ence of  this  nerve  over  the  general  sensibility  and  the  sense  of  taste  in  the 
tongue  have  been  made  by  dividing  the  lingual  branch  of  the  inferior  maxil- 
lary division.  When  this  branch  is  irritated,  there  are  evidences  of  intense 
pain.  When  it  is  divided,  the  general  sensibility  and  the  sense  of  taste  are 
destroyed  in  the  anterior  portion  of  the  tongue.  It  will  be  remembered, 
however,  that  the  chorda  tympani  joins  the  lingual  branch  of  the  fifth  as  it 
passes  between  the  ])terygoid  muscles,  and  that  section  of  this  branch  of  the 
facial  abolishes  the  sense  of  taste  in  the  anterior  two-thirds  of  the  tongue. 
If  the  gustatory  properties  of  the  lingual  bmnch  of  the  fifth  be  derived  from 
the  chorda  tympani,  lesions  of  the  fifth  not  involving  this  nerve  would  be 
followed  by  loss  of  general  sensibility,  but  the  taste  would  be  unaffected. 
This  has  been  shown  to  be  the  fact,  by  cases  of  paralysis  of  general  sensibility 
of  the  tongue  without  loss  of  taste  in  the  human  subject,  which  will  be  dis- 
cussed more  fully  in  connection  with  the  physiology  of  gustation. 

Among  the  immediate  effects  of  section  of  the  fifth,  is  an  interference 
with  the  reflex  phenomena  of  deglutition.  In  a  series  of  observations  upon 
the  action  of  the  sensory  nerves  in  deglutition,  by  Waller  and  Prevost,  it 
was  found  that  after  section  of  the  fifth  upon  both  sides,  it  was  impossible 
to  excite  movements  of  deglutition  by  stimulating  the  mucous  membrane  of 
the  velum  palati.  After  section  of  the  superior  laryngeal  branches  of  the 
pneumogastrics,  no  movements  of  deglutition  followed  stimulation  of  the 
mucous  membrane  of  the  top  of  the  larynx.  In  these  experiments,  when  the 
fifth  was  divided  upon  one  side,  stimulation  of  the  velum  upon  the  corre- 
sponding side  had  no  effect,  while  movements  of  deglutition  were  produced 
by  irritating  the  velum  upon  the  sound  side.  These  experiments  show  that 
the  fifth  nerve  is  important  in  the  reflex  phenomena  of  deglutition,  as  a  sen- 
sory nerve,  conveying  the  impression  from  the  velum  palati  to  the  nerve-cen- 
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tres*     This  firtion  probably  takes  plmie  tbrniigh  filaments  which  pass  from 
the  fifth  to  the  mucous  membrane,  through  Meeker^  ganglion* 

Rvmtde  Efftcii^  of  Divimon  of  the  TriffwiaL — After  section  of  the  fifth 
nerve  in  the  rrunial  eavitv,  the  imme^liute  hiss  of  si^nfiihility  of  the  integu- 
ment and  moeons  membranes  of  the  faee  and  head  ia  usually  8Upplementeti 
by  serious  disturbances  in  tlie  nutrilion  of  the  eye,  the  ear  and  the  mucous 
membranes  of  the  nose  and  mouth.  After  a  perimi  varying  between  a  few 
hours  and  one  or  two  (lays  after  the  operation,  the  eye  upon  the  affecte*;!  side 
becomes  the  seat  of  pundent  inflammation,  the  cornea  becomes  opaque  and 
ulceratci?,  tbe  humors  are  rlischarged  and  the  organ  is  destroyed,  t'onge^- 
tiou  of  the  j)art8  is  usually  very  prominent  a  few  hours  after  ihvision  of  the 
nerve.  At  the  same  time  there  is  an  increased  discharge  from  tlie  mucous 
membranes  of  the  nose  and  moutli  upon  the  affected  side,  and  uh*ers  appear 
upon  the  tongue  and  lips.  It  is  probabk%  ako,  that  distortlera  in  the  nutrition 
of  the  auditory  apparatus  follow  tlie  openition,  altlnnigh  these  are  not  so 
prominenL  Auinuds  alfectetl  in  this  w^ay  usually  die  in  fifteen  to  twenty 
days. 

In  the  early  ex:penments  of  Magendie,  it  was  noted  tfiat  *' the  alterations 
in  nutrition  are  much  less  nuirked  "  when  the  tii vision  u  eifeeted  behind  the 
ganglion  of  Oasser  than  when  it  is  done  in  the  ordinary*  way  through  the 
ganglion.  It  is  ditMcult  enough  to  divide  the  nerve  completely,  within  the 
cranium,  and  is  almost  impossible  to  make  the  operation  at  will  through  or 
behind  the  ganglion ;  and  the  phenomena  of  inflammatiim  are  absent  only 
in  exceptional  and  accidental  instances.  Magendie  offered  no  satisfactor 
explanation  of  tlie  differences  in  tlie  consecutive  phenomena  coincident  witl 
the  place  of  sei^tion  of  the  nerve.  The  facti?,  however*  have  been  repeiitetUy 
verified.  In  a  numiier  of  experiments  in  which  the  nerve  was  tlivided  in  the 
cranial  cavity  (Flint),  the  consecutive  inflammatory  eftet^t.'?  were  almost  alw^ays 
observed;  but  in  an  experiment  made  in  1HU8,  the  nerve  w^as  completely 
divided  on  the  left  side,  as  wtw  shown  by  total  loss  of  seusihility  of  the  parta^ 
to  which  it  is  distributed,  and  the  animal  (a  rabbit)  lived  nearly  four  montha,! 
Four  days  after  the  r*]>eratioTi  the  hiss  of  sensibility  was  still  complete.  There 
was  very  little  redness  of  the  conjunctiva  of  tlie  left  eye,  anil  a  very  islight 
streak  of  opacity,  so  slight  that  it  was  distinguished  with  difficulty.  Twelve 
days  after  the  oi>eration  the  sensibility  of  the  left  eye  was  distinct  but  slight 
There  was  no  redness  of  the  conjunctiva,  and  the  opacity  of  the  corne4i  had 
disappeared.  The  animal  wa«  in  good  condition,  and  the  line  of  contact  of 
the  upper  with  the  lower  incisors,  wdicn  tire  jaws  were  closed,  w^as  very  oblique. 
The  animal  was  kept  alive  by  careful  feeding  with  l>read  and  milk  for  one 
hundred  and  seven  days  after  the  oi>enition,  and  there  was  no  inflammation 
of  the  organs  of  special  sense.  It  died  at  that  time  of  inanition,  having 
become  extremely  emaciate*!.  The  animal  never  recovered  power  over  the 
muscles  of  the  left  side,  and  the  incisors  grew  to  a  great  length,  interferit 
very  much  with  mastication. 

Longet,  in  1B42,  gave  an  ex]ilanation  of  the  absence  of  inflammation  in 
certain  cases  of  division  of  the  fifth.     He  attributed  the  consecutive  infiani- 
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mation  in  most  experiments  to  lesion  of  the  ganglion  of  Ctassor  and  of  tlie 
sympathetic  connections,  which  are  very  ahuntkiit  at  this  point  Theso 
gympathelic  filaments  are  avoided  when  the  section  is  made  behind  the  gan- 
!  glion. 

The  explanation  of  the  phenomena  of  disordered  nutrition  in  the  organs 
of  special  sense,  particularly  the  eye,  following  division  of  the  fifth,  is  not 
afforded  by  the  section  of  this  nen^e  alone ;  for  when  the  loss  of  sensibility 
is  complete  after  division  of  the  nerve  beldnd  the  Oasserian  ganglion,  thesa 
results  may  not  follow*  They  are  not  explained  by  deficiency  in  the  iaehry- 
mal  secretion,  for  they  are  not  observed  when  both  lachrymal  glands  have 
been  extirpated.  They  are  not  due  to  exposure  of  the  eyehidl,  for  they  do 
not  follow  section  of  the  facial.  They  are  not  dne  simply  to  an  enfee- 
bled general  condition,  for  in  the  experiment  jiiBt  detailed,  the  animal  died 
of  inanition  after  section  of  the  nerve,  without  any  evidences  of  inflam- 
mation. In  view  of  the  fact  that  section  of  the  sympathetic  filaments  is 
well  known  to  modify  nutrition  of  parts  to  which  they  are  flistriliuted^ 
producing  congestion,  incrc^iise  in  temperature  and  other  phenomena,  it  is 
rational  to  infer  that  the  modifications  in  nutrition  which  follow  section  of 
the  fifth  after  it  receives  filaments  from  the  syrapathetic  system,  not  occur- 
ring when  the>j^e  sympathetic  filaments  escape  division,  are  to  be  attributed  to 
lesion  of  the  sympathetic  and  not  to  the  division  of  the  sensory  nerve  itaelf. 

A  farther  explanation  is  demanded  for  the  inflammatory  results  which 
follow  division  of  the  sympathetic  tihiineuts  joining  the  fifth,  inasmuch  as 
division  of  the  sympathetic  alone  in  the  neck  simply  produces  exaggeration 
of  the  nutritive  processes,  as  evidenced  chiefly  by  local  increase  in  the  animid 
temperature,  and  not  the  well-known  phenomena  of  inflammation. 

It  was  remarked  by  Bernard  that  the  '^  alteratiotis  in  nutrition  appear 
•  more  promptly  in  animals  that  are  enfeebled.-'  Section  of  tlie  small  root  of 
»tlie  fifth,  wbicb  is  unavoidable  when  the  nervo  is  divided  within  the  cmnial 
cavity,  generally  interferes  so  much  with  mastication  as  to  influence  seriously 
the  general  nutrition;  and  this  might  modify  the  nutritive  processes  in  deli- 
cate organs,  like  the  eye,  so  as  to  induce  those  changes  which  are  called 
inflammatory.  The  following  observation  (W.  11.  Mtison)  ha8  an  important 
bearing  on  this  question : 

The  fifth  pair  of  nerves  was  di\ided  in  a  cat  in  tlie  ordinary  way.  By 
feeding  the  aninud  carefully  with  milk  and  finely  chopped  meat,  the  nutri- 
tion was  maintained  at  a  high  stiin<hird,  and  no  inflammation  of  the  eye 
occurred  for  about  four  weeks.  The  supply  of  food  was  then  diminished  to 
about  the  quantity  it  wouhl  be  able  to  take  without  any  special  care,  when 
the  eye  became  inflamed,  and  perforation  of  the  cornea  ami  destruction  of 
the  organ  followed*  The  animal  was  kept  for  about  five  months;  at  the  end 
of  which  time,  sensiation  upon  the  alfectetl  side,  which  had  been  gradually 
improving,  was  completely  restored. 

The  following  explains,  in  a  measure  at  least,  the  consecutive  inflamma- 
tory effects  of  section  of  the  fifth  with  its  communicating  sympathetic  fila- 
ments:  By  dividing  the  sympatiietic>  the  eye  and  the  mucous  menibmnea  of 
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the  nose,  mouth  and  ear  are  rendered  h^-persemic,  the  temperature  pi 
is  mised,  and  the  processes  of  nutrition  are  exaggerated.     This  confftMB^ 
of  the  part^  would  seem  to  require  a  full  supply  of  nutritire  msiterial  fim, 
the  blood,  in  order  to  maintain  the  condition  of  exaggerated  nutritio 
when  the  blood  is  imi)Overii?ilied — probably  as  the  result  of  deficiency 
introduction  of  nutritive  matter,  from  paralysis  of  the  mtiactes  of  mastieaf jri 
upon  one  side^ — ^the  nutritive  processes  in  tliese  delicate  parts  are  ! 
modified,  so  as  to  constitute  inflammation.     The  obsen^aiion  just  dntj 
an  argument  in  favor  of  this  view ;  for  here  the  inflammation  wasi 
when  the  action  of  the  paralyzed  muscles  was  supplie*!  hv  careful  fttHliti 
"With  this  view,  the  disorders  of  nutrition  obsen'ed  after  divisirin  of  iWj 
may  properly  be  referred  to  the  8}Tnpathetic  system. 

Pathological  facts  in  confirmation  of  experiments  upon  the  fifth 
the  lower  animals  are  not  wanting ;  but  it  must  be  remembered  that  in  < 
of  pamtysis  of  the  nerve  in  the  human  subject,  it  id  not  always  poiubii!  i 
locate  exactly  the  seat  of  the  lesion  and  to  appreciate  full^*  its  extent,  m< 
be  done  when  the  nerve  is  divided  by  an  operation.     In  studring  these  < 
it  sometimes  occurs  that  the  phenomena,  particularly  those  of  modifled  nutri- 
tion, aj'e  more  or  less  contradictory. 

In  nearly  all  works  upon  physiology,  are  references  to  eases  of  pamlra* 
of  tlie  fifth  in  the  liuman  subject     Two  cases  have  been  reported  by  N 
in  both  of  which  there  was  inflammation  of  the  eye.    In  one  ca«e  the  t^  .^-v^ 
was  entirely  insensible  upon  one  side^  but  there  was  no  impairment  of  tk^H 
sense  of  taste.     A  notable  feature  in  one  of  the  cases  was  the  fact  that  an^^ 
operation  upon  the  eyelid  of  the  affected  side  was  perfurmed  wlthoot  tht 
slightest  evidence  of  pain  on  the  part  of  the  patient 

Cases  of  paralysis  of  the  fifth  in  the  human  subject  in  the  main  confin 
the  results  of  experiments  upon  the  inferior  animals.     In  eases  in  which 
fifth  nerve  alone  is  involved  in  the  disease,  without  the  facial,  there  is  stmp 
loss  of  sensibility  upon  one  side,  the  movement's  of  the  superficial  mo 
of  the  fiK^e  being  unatfei^tcd.     When  the  small  root  is  involved,  the  mu 
of  mastication  upon  one  side  are  paralyzed ;  but  in  certain  reported  c«ei  in 
which  this  root  escaped,  there  was  no  muscular  jmralysis.    The  senses  rf 
sight,  hearing  and  smell,  except  as  they  were  affected  by  consecutive  inftmi- 
mation,  are  little  if  at  all  disturbed  in  uncomplicated  eases.     The  aeoaeof 
taste  in  the  anterior  portion  of  the  tongue  is  perfect,  except  in  tho^e  eaaes  in 
which  the  facial,  the  chorda  tympani  or  the  lingual  branch  of  the  fifth  aftef 
it  hud  been  joined  liy  the  chorda  tympani  is  involved  in  the  disease. 
s<jme  cases  there  is  no  altemtion  in  the  nutrition  of  the  organs  of  speci 
sense ;  but  in  this  respect  the  facts  with  regard  to  the  seat  of  the  lesion  j 
not  so  satisfactory  as  in  experiments  upon  the  lower  animaK  it  Ijeing 
cult,  in  most  of  them,  to  exactly  limit  the  boundaries  of  the  lesion. 

Pnei  MoiJASTRit;  (Tenth  Nsbye)* 

Of  all  the  nerves  emerging  from  the  cranial  cavity«  the  pneamogasma 
presents  the  greatest  number  of  anastomoses,  the  most  remarkable  oourae  and 
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the  most  Tarie4  iise«.  Arising  from  the  medulla  obJongata  by  a  purely  senso- 
ry root,  it  communicates  with  at  knu^t  five  motor  nerve.%  and  it  is  distributed 
largely  to  muscular  tissue,  both  of  the  volimtary  and  the  involuntary  variety, 

Physiologkai  Anuiomy. — The  apparent  origin  of  the  pneumogastrio  is 
from  the  lateral  portion  of  tlie  medulla  oblongattk,  just  k^hiud  the  olivary 
Ixxiy,  between  the  routs  of  the  glossopharyngeal  and  the  spinal  accessory. 
The  deep  origin  is  mainly  from  w^hat  is  called  the  nucleus  of  the  pneumogas- 
trie,  in  the  inferior  portion  of  the  gray  substance  in  the  floor  of  the  fourtli 
ventricle.  The  course  of  the  fibres,  tniced  from  without  inward,  is  somewhat 
intricate. 

The  deep  origins  of  the  pneumogastric  and  glosso-pharyngeal  nerves  ap- 
pear to  be  in  the  main  identical.  Tracing  the  fihiments  from  without  in- 
ward, they  may  be  followed  in  four  directions:  (1)  The  anterior  filaments 
pa^s  from  without  inward,  first  very  superficially,  in  the  direction  of  the 
olivary  body;  but  they  then  turn  and  pass  deeply  into  the  substance  of  the 
restiform  body,  in  which  they  are  lost.  (2)  The  posterior  filaments  are 
supertieial,  and  they  pass,  with  the  fibres  of  the  restiform  body,  towanl  the 
cerebeMum.  (3)  Of  the  ititermediate  filaments,  the  anterior  j)as8  through 
the  restiform  body,  the  greatest  number  extending  to  the  nn^iian  Hue,  in 
the  floor  of  the  fourth  ventricle.  A  few  fibres  are  lost  in  the  mid<lle  fascic- 
uli of  the  medulla  and  a  few*  pass  toward  the  brain,  (4)  The  posterior 
intermediate  filaments  traverse  the  restiform  body,  to  the  tlcxjr  of  the  fourth 
ventricle,  when  some  pass  to  the  median  line,  and  others  descend  in  the  8tU> 
Btanee  of  the  medulla.  It  is  difficult  to  follow  the  fibres  of  origin  of  the 
pneumogastrics  beyond  tlie  median  line ;  but  recent  observations  leave  no 
doubt  of  the  fact  that  many  of  these  fibres  decu8sat<3  in  the  fioor  of  the 
fourth  ventricle. 

There  are  two  ganglionic  enlargements  belonging  to  the  pneumogastric. 
In  the  jugular  foramen,  is  a  well  marked,  grayish,  ovoid  enlargement,  one- 
sixth  to  one-fourth  of  an  inch  (4*2  to  (>'4  mm.)  in  length,  called  the  jugular 
ganglion,  or  the  ganglion  of  the  root.  This  is  united  by  two  or  three  fila- 
menta  with  the  ganglion  of  the  glosso-pharyngcjil.  It  is  a  true  ganglion, 
containing  nerve-cells.  After  the  nerve  has  eniergctl  from  the  cranial  cav- 
ity, it  present43  on  itjs  trunk  another  grayish  enlargement,  half  an  inch  to  an 
inch  (It  to  25  mm.)  in  length,  called  the  ganglion  of  the  trunk:  Tliis  has 
a  plexiform  structure,  the  w^hite  fibres  being  mixed  with  grayish  fibres  and 
nerve-cells.  The  exit  of  the  nerve  from  the  craniid  cavity  is  by  the  jugular 
foramen,  or  posterior  foramen  lacerum,  in  company  with  the  spinal  acces- 
sory, the  glosso-pharyngeal  nerve  and  the  internal  jugular  vein. 

AnaMomose.'t, — There  are  occasional  filaments  of  comnuinication  which 
pass  from  the  spinal  accessory  to  the  ganglion  of  the  root  of  the  pneumogas- 
tric, but  these  are  not  constant.  After  both  nerves  Iiave  emerged  from  the 
cranial  cavity,  an  imiMu*tant  branch  of  considerable  size  passt^s  from  the  spi- 
nal accessory  to  the  pneumogastric,  with  which  it  becomes  closely  united- 
Experiments  have  shown  that  these  filaments  from  the  spinal  accessory  pass 
in  great  part  to  tlie  larynx,  by  the  inferior  laryngeal  nerves. 
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In  the  aqufediictns  Fallopii,  the  facial  nerve  gives  off  a  filament  of  com- 
munication to  the  pneumogastric,  at  the  ganglion  of  the  root    This  filamfnu 

joined  at  the  ganglion  by  Bensory  fit 
menta  from  the  pnenmogastric  and 
some  filaments  from  the  gloseo-ph»- 
rjugoiil,  is  called  the  aurieubr  bnmch 
nf  Arnold.  By  some  anatomists  it  i» 
regarded  m  a  branch  fn>m  the  facial, 
and  by  others  it  is  described  wiib  tk* 
pneimiogftstric. 

Two  or  three  small  filamenta  of 
communication  pass  from  the  RiWiii- 
gnal  to  the  ganglion  of  the  trunk  of 
the  pneumogafitric. 

At  the  ganglion  of  the  trank,  the 
pneumogastric   generally  receiv 
nients  of  enmraunication  from 
cade  formed  by  the  anterior  br 
of  the  first  two  cenical  nerr  v 
however,  are  not  constant 

The  pnenmogastric    is    cot 
with  the  sympathetic  system  bv , 
ber  of  filaments  of  communicatii 
the  superior  cervical  ganglion,  ; 
in  part  upward   toward  the  g^: . 
of  the  root  of  the  pnenmogastric,  nnd 
in   part    transversely   and 
These  filaments  freqnentlv 
and  they  bind  the  sympathetic  gm- 
glion  to  the  trunk  of  tlie  nerve.    Tbf 
main  trunk  of  the  [meuniogastric  aad 
its  branches  receive  a  few  fHamenti 
of   communication   from    the  iniddlf 
and  inferior  cervical  and  the  upper  dorsal  ganglia  of  the  sympathetic 

The  pneumogastric  frequently  sends  a  slender  filament  to  the  glijm- 
pharyngenl  nerve,  at  or  near  the  ganglion  of  Andersch.  Branches  from  thi? 
pne^imogastrie  join  branches  from  the  glosso-pharyngeal,  the  spinal  mx^mj 
and  the  sympathetic,  to  form  the  pharyngeal  plexus. 

I)ixf  nbtft ion,— Althon<^h  the  pneumogastric  nerves  upon  the  two  sided  do 
not  present  any  important  ditTerenees  in  the  destination  of  their  filameatSi 
as  far  down  as  the  diaphragm,  the  distribution  of  the  abdominal  bmncln 
not  the  sjime.     The  most  imj>ortaiit  branches  are  the  following : 


Fio,  9lt—Ana*tomf>»^3  of  th^  pneumogttttric 

(HirechfeUl). 
1,  farUl  nerr* ;  2,  tfloaao-pharynjr^^al  nerve ;  2', 
aniurtomo«>es  of  the  glnraio  pharyti|?f4l  with 
the  facial ;  3,  3,  imt^umiMtiutrif.  with  iN  tu*o 
ifitnglifi  ;  i,  4,  »pino:i  octfjwfrjf:  5^8tjb|lUKUal 
utTve  ;  6»  superior  cervical  f^aii^rtkui  of  lh» 
sVinpatliHic  ;  7,  anf$Jttoinfttic  arcttde  ttf  the 
firtt  ttvo  cervicai  rirrtr*  ;  S.  carol i<l  branch 
of  the  jfuperior  cervii-al  ^anjitlioii  of  tht?  «ym- 
patln  tu-  :  '.►.  rv-rve  of  ,5ac<*lT(*m  :  JO.  branches 
of  '  'the  s.vm|:)athetie  ;  11,  branch 

Ui  liaii  tiii>e  :   r2,  branch  to  th« 

feu  Is;   13,  branch  to  tb«?  fenestra 

rotuiula  »  14.  t*xtt*mA]  deep  petrous  nerve ; 
liV,  internal  deep  p-trous  nerve  ',  IS,  otic  ist^n- 

gajtirir  ;  18,  urj  ^^- 

tric  trith  tt*^  .*j 

th  ft/  th*  pneit  n  '  ;      •' ; 

2Di  AnaBtomofiift  ot  lh<t$  suiaiil  acccAnur^  with 
Ihe  flHOoiMl  piaJr  of  oemcal  nenm :  SI «  pbo* 
ry&ftt^  Iilexus ;  St,  superior  latyngeal  nerve. 


1,  Aurietilar. 

2.  PharyngeaL 

8.  Superior  laryngeaL 

4  Inferior,  or  recurrent  1ar}'ngeiil, 


5.  Cnrriiac,  cervical  and  thoracic, 

6.  Pulmonary,  antenor  and  potstmoL 

7.  CEsophaiJOAl. 

8.  AbdominaL 
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The  auricular  nerves  are  sometimes  desrrihed  in  conneotion  with  the 

facial.    They  are  given  off  from  the  ganglion  of  the  trunk  of  the  pneurao- 

gastric  and  are  com- 
*  posed   of    tihiments 

of     communication 

from  the  facial  and 

from     the     glosso- 

pharyngeal,  as  well 

as  of  filaments  from 

the    pncumogastric 

itself.     The  nerves 

thus  constituted  are 

distributed    to    the 

integnmeut  of   the 

upper  portion  of  the 

external      auditory 

meatus,  and  a  small 

filament  is  sent   to 

the  membrana  t}Tai- 

pani. 

The  pharyngeal 

nerves  are  given  off 

from    the    superior 

portion  of  the  gan- 
glion of  the  trunk, 

and  they  contain  a 

large  number  of  the 

filaments    of    com- 

mnniciition     which 

the    pnenmogastric 

wceives    from     the 
'  ipinal  accessory.  In 

their  course  by  the 

sides  of  the  superior 

constrictor  mu,*5cles 

of  the  pharynx,  these 

nerves    anastomose 

with  filaments  from 

the  glosso-pliar\Tigeal  and  the  superior  cervical  ganglion  of  the  sympathetic, 

to  form  what  is  known  as  the  pharyngeal  plexus*     The  ultinuite  filaments  of 

distribution  paiss  to  the  muscles  and  the  nuicous  membnme  of  the  pharynx. 

Physiological  experimeuts  have  shown  that  the  motor  influence  transmitted 

to  the  pharyngeal  muscles  through  the  pharyngeal  brjmehes  of  the  pneumo* 

gastric  is  derived  from  the  spinal  accessory. 

The  superior  larpigeal  nerves  are  given  off  from  the  lower  part  of  the 

ganglion  of  tlie  trunk.     Their  filaments  come  from  the  side  opjKisite  to  the 


/ 


/ 
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trunk  of  the  left  fmeumof/a»lric  ;  2,  onngtion  **/  the  trunk  ;  &,  nnnatomO' 
Mijt  ittth  the  ifpinal  acres9>iiry  ;  4,  <tiwi«fomnsJiiJf  tritlt   tk*'  inthltiujnal  t  \ 


phut-ynyfiU  branch  {the  aurictdar  i>mn^h  i*  not  *hi.m^i  in  the  j^gHrr^ ;  6* 
*^     **  ejrii'rnal  torytmrat  n*'^'rt.  l  8,  fftriftigeat 
_  iffcal  branch;  ]0.  errvivni  cnrdmt  brtifivl 
thanzcie  cn'rdmc  bninch  :  l€;  1?1,  pulmonury  hninrhrn ;  14,  UuVTUial 


gitpfrriar  Ittrym/eut  branch;  7^ejcternai  taiyngent  w^-itm*  ;  ^^lur^igeti 
plejTtui ;  9,  ft,  inferitir  larjfngral  branch;  ]0.  errvivni  cnrdmt  brtinvh 


bmneh  of  the  fifth  ;  IS,  lower  purtion  cif  the  subUn^al ;  10»  jrl* »»«*»- 
phoTTTLfrnLl ;  17,  spiniil  ncc«»ory  ;  18.  Itt.  iS),  spinal  nervt^  ;  21.  phrenic 
nerve ;  ti,  2&,  spiiuU  uervtM ;  94, 85,  SS,  97, 9S,  80, 8D,  sympathetic  ^ntclia. 
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point  of  junction  of  the  pneuraogastric  with  the  eoaunttnicatiog  brwui 
from  the  spinal  accessory,  so  that  probably  the  superior  larjrng^b 
few  if  any  motor  fibres  from  the  eleventh  nerve.  The  superior  lamgcfl 
gives  oft  the  external  laryngeal,  a  long,  delicate  branchy  which  aends  a  tfw 
filaments  to  the  inferior  constrictor  of  tht?  pharynx  and  h  distnbnted  to  \\m 
crico-thyroid  muscle  and  the  mucous  membnme  of  the  ventricle  of  tht 
lan^nx.  The  external  laryngeal  branch  anastomoses  with  the  inferior  lams- 
geal  nerve  and  with  the  sympathetic.  The  internal  branch  is  di:?tribQted  m 
the  mucous  membrane  of  tlie  epiglottis,  the  base  of  the  tongue,  the  a^teDl^ 
epiglottidean  fold  and  the  mucous  membrane  of  the  larynx  as  far  dawn  n 
the  true  vocal  chords,  A  branch  from  this  nene,  in  its  course  to  the  linrni, 
penetrated  the  arytenoid  muscle,  to  which  it  sends  a  few  filamentSi  but  these 
are  all  sensory.  This  branch  also  supplies  the  crico-thiToid  raoflcte.  h 
anastomoses  with  the  inferior  laryngeal  nerve.  An  important  branch,  d<*> 
scribed  by  Cyon  and  Ludwig,  in  the  rabbit,  under  the  name  of  the  defHiew)!* 
nen'e,  arises  by  two  roots,  one  from  the  superior  laryngeal  and  the  othtf 
from  the  trunk  of  the  pneumogastric.  It  passes  down  the  neck  by  thtii^ 
of  the  sympathetic,  and  in  the  chest,  it  joins  filaments  from  the  thonnic 
sympathetic,  to  pass  to  the  heart,  between  the  aorta  and  the  [lulnioiun 
artery.  This  nerve  is  not  isolated  in  the  human  subject,  but  it  is  pnjbtlie^ 
that  analagoud  fibred  exist  in  man  in  the  trunk  of  the  pneumogastric 

It  is  important  from  a  physiological  point  of  view  to  note  that  the  gape- 
rior  laryngeal  nerve  is  the  nerve  of  sensibility  of  the  upper  part  of  the  hrm, 
as  well  as  of  the  supralarj'ngeal  mucous  membranes,  and  that  it  animalM  i 
single  muscle  uf  the  lar}Tix  (the  crico-thyroid)  and  the  inferior  oonstrietot 
of  the  pharynx. 

The  inferior,  or  recurrent  laryngeal  nerves  present  some  slight  diffenmcfi 
in  their  anatomy  upon  the  two  Bides.     V\K>n  the  left  side  the  nerve  k  tha 
larger  and  is  given  o£F  at  the  arch  of  the  aorta.     Passing  beneath  this  t&sA, 
it  ascends  in  the  groove  between  the  trachea  and  the  a^sophaguis.     In  its  op* 
ward  course  it  gives  off  certain  filaments  which  join  the  cardiac  brancbejn, 
filaments  to  the  muBCular  tissue  and  mucous  membrane  of  the  npper  part 
the  cL'Sophagus,  filaments  to  the  mucous  membrane  and  the  intercyiriii 
muscular  tissue  of  the  trachea,  one  or  two  filaments  to  the  inferior  eo; 
tor  of  the  pharynx  and  a  branch  which  joins  the  superior  lar^^ngeaL 
terminal  branches  penetrate  the  larynx,  behind  the  posterior  articulation 
the  thyroid  with  the  cricoid  cartilage,  and  are  distributed  to  all  of  the 
trinsic  muscles  of  the  larynx,  except  the  crico-th}Toids,  which  are  aapj 
by  the  superior  laryngeal.     Upon  the  right  side  the  nerve  winds  from 
backward  around  the  subclavian  artery,  and  it  has  essentially  the  same  €0iti9ft 
and  distribution  as  upon  the  left  side,  except  that  it  is  smaller  and  haa  fewer 
filaments  of  distribution. 

The  important  physiological  jx^int  connected  with  the  anatomy  of  the  re- 
current laryngeals  is  that  they  animate  all  of  the  intrinsic  muscles  of  Iha 
larynx,  except  the  crico-thyroid.  Experiments  have  shown  that  tbeae  nenm 
contain  a  large  number  of  motor  filaments  derived  from  the  spinal  aioeeaaor|. 
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The  cervical  cardiac  branches,  two  or, three  in  number,  arise  from  the 
pneomogastrics  at  different  points  in  the  cervical  portion,  and  pass  to  the 
cardiac  plexus,  which  is  formed  in  great  part  of  filaments  from  the  sympa- 
thetic. The  thoracic  cardiac  branches  are  given  off  from  the  pneumogas- 
trics,  below  the  origin  of  the  inferior  laryngeals,  and  join  the  cardiac  plexus. 

The  anterior  pulmonary  branches  are  few  and  delicate  as  compared  with 
the  posterior  branches.  They  are  given  off  below  the  origin  of  the  thoracic  car- 
diac branches,  send  a  few  filaments  to  the  trachea,  and  then  form  a  plexus 
which  surrounds  the  bronchial  tubes  and  follows  the  bronchial  tree  to  its  ter- 
minations in  the  air-cells.  The  posterior  pulmonary  branches  are  larger  and 
more  abundant  than  the  anterior.  They  communicate  freely  with  sympa- 
thetic filaments  from  the  upper  three  or  four  thoracic  ganglia  and  then  form 
the  great  posterior  pulmonary  plexus.  From  this  plexus  a  few  filaments  go 
to  the  inferior  and  posterior  portion  of  the  trachea,  a  few  pass  to  the  mus- 
cular tissue  and  mucous  membrane  of  the  middle  portion  of  the  cesophagus, 
and  a  few  are  sent  to  the  posterior  and  superior  portion  of  the  pericardium. 
The  plexus  then  surrounds  the  bronchial  tree  and  passes  with  its  ramifications 
to  the  pulmonary  tissue,  like  the  corresponding  filaments  of  the  anterior 
branches.  The  pulmonary  branches  are  distributed  to  the  mucous  mem- 
brane, and  not  to  the  walls  of  the  blood-vessels. 

The  (esophageal  branches  take  their  origin  from  the  pneumogastrics, 
above  and  below  the  pulmonary  branches.  These  branches  from  the  two 
sides  join  to  form  the  oesophageal  plexus,  their  filaments  of  distribution 
going  to  the  muscular  tissue  and  the  mucous  membrane  of  the  lower  third  of 
the  (Bsophagus. 

The  abdominal  branches  are  quite  different  in  their  distribution  upon 
the  two  sides. 

Upon  the  left  side  the  nerve,  which  is  here  anterior  to  the  cardiac 
opening  of  the  stomach,  immediately  after  its  passage  by  the  side  of  the 
oesophagus  into  the  abdomen,  divides  into  a  number  of  branches,  which  are 
distributed  to  the  muscular  walls  and  the  mucous  membrane  of  the  stomach. 
As  the  branches  pass  from  the  lesser  curvature,  they  take  a  downward  direc- 
tion and  go  to  the  liver,  and  with  another  branch  running  between  the  folds 
of  the  gastro-hepatic  omentum,  they  follow  the  course  of  the  portal  vein  in  the 
hepatic  substance.  The  branches  of  this  nerve  anastomose  with  the  nerve  of 
the  right  side  and  with  the  sympathetic. 

The  right  pneumogastric,  situated  posteriorly,  at  the  oesophageal  open- 
ing of  the  diaphragm,  sends  a  few  filaments  to  the  muscular  coat  and  the 
mucous  membrane  of  the  stomach,  passes  backward  and  is  distributed  to  the 
liver,  spleen,  kidneys,  suprarenal  capsules  and  finally  to  the  whole  of  the 
small  intestine  (Koilmann).  The  anatomical  researches  by  KoUmann  (1860) 
have  been  fully  confirmed  by  physiological  experiments.  Before  the  nerves 
pass  to  the  intestines,  there  is  a  free  anastomosis  and  interchange  of  fila- 
ments between  the  right  and  the  left  pneumogastric. 

General  Properties  of  the  Roots  of  Origin  of  the  PneumogaMrics. — The 
sensibility  of  the  pneumogastrics  in  the  neck,  while  it  is  dull  as  compared 
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with  the  p^(>p(^rties  of  other  sensory  nerves,  is  nevertheless  disrinft.    It  I 
impossible,  however,  to  expose  the  root«  of  tlxe  nerves  in  living  animals,  I 
fore  they  have  received  communicating  motor  filaments,  without  such  mntij 
lation  as  would  interfere  with  accurat-e  observations ;  hut  in  animali  jm 
killed,  if  the  roots  be  exposed  and  divided,  so  as  to  avoid  reflex  niovenient% 
and  if  care  be  taken  to  avoid  stimulation  of  motor  filaments  from  adjai^^ui 
nenes,  it  is  found  that  the  application  of  electricity  to  the  j>eripheral  i 
the  root,  fi-om  its  origin  to  the  ganglion^  gives  rise  to  no  movementa. 
therefore  be  assumed  that  the  true  filaments  of  origin  of  the  pneunioga^in<iil 
are  exclusively  sensory  or  at  least  that  they  have  no  motor  properties. 

Properties  and  Ua^es  of  the  Auricular  Nerves,— There  is  \^ts  little  to  i 
said  with  regsird  to  the  auricular  nerves  after  a  description  of  their  anatomj,] 
They  are  sometimes  described  with  the  facial  and  sometimes  with  tlia  jmeo- 
mogastric*     They  contain  filaments  from  the  facial,  the  pneumogngtiic  lod 
the  glosso-pharmgeaL     The  sensory  filaments  of  these  nerves  give  ( 
to  the  upper  part  of  the  external  auditory  meatus  and  the  memb 
pani. 

Properties  ami  Uses  of  the  Pharynffeal  Xerves. — The  pharyngeal  I 
of  the  pneumogastric  are  mixed  nerves,  their  motor  filaments  being  deriTell 
from  the  spinal  accessory ;  and  their  direct  action  upon  the  muscles  of  degin 
tition  belongs  to  the  physiological   history  of  the  last-named  nerve.   All 
already  stated  in  treating  of  the  spinal  accessory,  the  filaments  of  commuoici*' 
tion  that  go  to  the  pharyngeal  branches  of  the  pneumogastric  are  distributed 
to  the  pharyngeal  muscles. 

It  is  impusi^ible  to  divide  all  of  the  pharyngeal  filaments  in  living  animali 
and  observe  directly  how  far  the  general  sensibility  of  the  pharynx  and  tb 
reflex  phenomena  of  deglutition  are  influenced  by  this  section-  As  fur  \ 
one  can  judge  from  the  distribution  of  the  filaments  to  the  mucous  merabrafi%J 
it  would  seem  that  they  combine  with  the  pharyngeal  filaments  of  the  fi!t] 
and  possibly  with  sensory  filaments  from  the  glosso-pharyngeal,  in  gi\in 
general  sensibility  to  these  parts. 

In  the  experiments  of  Waller  and  Prevost,  upon  the  reflex  phenomena  < 
deglutition,  it  is  shown  that  the  action  of  the  pharyngeal  muscles  cam  notl 
excited  by  stimulation  of  the  mucous  membrane  of  the  supralaryngeal 
and  the  pharynx,  after  section  of  the  fiftli  and  of  the  superior 
branches  of  tlie  pneumogastrics.     This  would  seem  to  show  tliat  the  pk 
geal  branches  of  the  pneumogastries  are  of  little  importance  la  these  reflex 
phenomena. 

Properties  and  Uses  of  the  Superior  Laryngeal  Xerre^. — The  stimnktioft^ 
of  these  nerves  produces  intense  pain  and  contraction  of  the  crico-thyroiK 
but  it  has  been  shown  by  ex|ieriment  that  the  arytenoid  muscles,  throu 
which  the  nerves  pass,  receive  no  motor  filaments.     The  influence  of 
nerves  upon  the  muscles  resolves  itsi4f  into  the  action  of  the  crieo-thyroi 
which  has  been  treated  of  fully  under  the  head  of  phonation.     When 
muscles  are  paralyzed,  the  voice  becomes  hoarse.     The  filaments  to  the 
ferior  muscles  of  the  pharynx  are  few  and  comparatively  unimportant 
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superior  laryngeals  do  not  receive  their  motor  filaments  from  the  spinal  acces- 
sory. 

The  sensory  filaments  of  the  superior  laryngeals  have  important  uses  con- 
nected with  the  protection  of  the  air-passages  from  the  entrance  of  foreign 
matters,  particularly  in  deglutition,  and  they  are  also  concerned  in  the  reflex 
action  of  the  constrictors  of  the  pharynx.  When  both  superior  laryngeals 
have  been  divided  in  living  animaJs,  liquids  often  pass  in  small  quantity  into 
the  larynx,  owing  to  the  absence  of  the  reflex  closure  of  the  glottis  when 
foreign  matters  are  brought  in  contact  with  its  superior  surface  and  the  occa- 
sional occurrence  of  inspiration  during  deglutition. 

Aside  from  the  protection  of  the  air-passages,  the  superior  laryngeal  is 
cue  of  the  sensory  nerves  through  whicli  the  reflex  acts  in  deglutition  operate. 
There  are  certain  parts  which  depend  for  their  sensibility  entirely  upon  this 
nerve ;  viz.,  the  mucous  membrane  of  the  epiglottis,  of  the  aryteno-epiglot- 
tidean  fold  and  of  the  larynx  as  far  down  as  the  true  vocal  chords.  When 
an  impression  is  made  upon  these  parts,  as  when  they  are  touched  with  a 
piece  of  meat,  regular  and  natural  movements  of  deglutition  ensue. 

If  the  superior  laryngeal  nerves  be  divided  and  a  stimulus  be  applied  to 
their  central  ends,  movements  of  deglutition  are  observeii,  and  there  is  also 
arrest  of  the  action  of  the  diaphragm.  From  these  experiments,  it  would 
seem  that  the  impression  which  gives  rise  to  the  movements  of  deglutition 
aids  in  protecting  the  air-passages  from  the  entrance  of  foreign  matters,  by 
temporarily  arresting  the  inspiratory  act. 

Properties  and  Uses  of  the  Inferior^  or  Recurrent  Laryngeal  Nerves. — 
The  anatomical  distribution  of  these  nerves  shows  that  their  most  important 
action  is  connected  with  the  muscles  of  the  larynx.  The  few  filaments  which 
are  given  off  in  the  neck,  to  join  the  cardiac  branches,  are  probably  not  very 
important.  It  is  proper  to  note,  however,  that  the  inferior  laryngeal  nerves 
supply  the  muscular  tissue  and  mucous  membrane  of  the  upper  part  of  the 
oesophagus  and  trachea,  and  one  or  two  branches  are  sent  to  the  inferior 
constrictor  of  the  pharynx.  The  action  of  these  filaments  is  sufficiently 
evident. 

The  inferior  laryngeals  contain  chiefly  motor  filaments,  as  is  evident 
from  their  distribution  as  well  as  from  the  effects  of  direct  stimulation.  All 
who  have  experimented  upon  these  nerves  have  noted  little  or  no  evidence 
of  pain  when  they  are  irritated  or  divided. 

One  of  the  most  important  uses  of  the  recurrents  relates  to  the  production 
of  vocal  sounds.  In  connection  with  the  pliysiology  of  the  internal,  or  com- 
municating branch  from  the  spinal  accessory  to  the  pneumogastric,  it  has 
been  shown  that  this  branch  of  the  spinal  accessory  is  the  true  nerve  of 
phonation.  Before  the  uses  of  the  spinal  accessory  were  fully  understood, 
the  experiments  upon  the  inferior  laryngeals  led  to  the  opinion  that  these 
were  the  nerves  of  phonation,  as  loss  of  voice  follows  their  division  in  living 
animals.  It  is  true  that  these  nerves  contain  the  filaments  which  preside 
over  the  vocal  movements  of  the  larynx ;  but  it  is  also  the  fact  that  these 
vocal  filaments  are  derived  exclusively  from  the  spinal  accessory,  and  that  the 
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recurrents  crmtjiin  as  well  motor  likmeiits  which  preside  over  movetnesilil 
tlie  hirynx  not  eoneeriied  in  the  proditction  of  vtK'al  sounds. 

The  muscles  of  the  larynx  concerned  in  phonation  are  the  crioo-thTOitl 
animated  by  the  superior  kryngeals,  and  the  arytenoid,  the  lateral  t'rir. 
uryt4?noid8  and  the  thyro-arytenoids,  animated  by  the  inferior  larj^ngeak  Th 
posterior  crico-arytenoids  are  respiratory  muscles,  and  these  are  not  aflei 
by  extirpation  of  the  spinal  accessories,  but  the  glottis  is  still  capable  of  dili 
tion,  eo  tliat  inspiration  is  not  impeded.     If,  however,  the  spinal  ac<j 
be  extirpated  and  the  larynx  be  then  exposed  in  a  living  animal,  ihegkittid 
still  remains  dilated,  but  will  not  close  when  irritated*     If  the  inferior  1 
geals  be  then  divided,  the  glottis  is  mechanic^dly  closed  with  the  inspimkn] 
act,  and  the  animals  often  die  of  sutfocatiom     In  view  of  the  varie^l  i 
from  which  the  pneumogastrics  receive  their  motor  lilanients,  it  is 
understand  how  cert^iin  of  these  may  preside  over  the  voc^l  movemtnts,  and 
othei-s,  from  a  different  source,  may  animate  the  respinitory  moveraenta. 

The  impediment  to  the  entrance  of  air  into  the  lungs  is  a  sufficie 
explanation  of  the  increase  in  the  number  of  the  respiratory  act«  after  difiil 
ion  of  both  recurrents.     The  acceleration  of  respiration  is  much  greater  in 
young  than  in  adult  animals.     This  does  not  apply  to  very  young  aniii 
which  section  of  the  recurrents  produces  almost  instant  death. 

Feeble  stimulation  of  the  central  ends  of  the  inferior  laryngi^la,! 
their  division,  produces  rhythmical  movements  of  deglutition,  generally* 
eident  with  arrest  of  the  action  of  the  diaphragm.  These  phenomens  i 
generally  observed  in  rabbits,  but  they  ai^e  not  constant.  The  reflex  action 
of  these  nerves  in  deglutition  probably  is  dependent  u|3on  the  communicating 
filaments  which  tliey  send  to  the  superior  laryngeal  nerves. 

Froperfie^  and  Uftes  of  the  Cardiac  yerve^^, — The  chief  uses  of  the  cardi«: 
branches  relate  to  the  influence  of  the  pneumogastrics  on  the  action  of  the 
heart.  This  htis  already  been  considered  in  coimection  with  the  jdiysiologr  of 
the  circulation.  The  effect  of  dividing  the  pneumogastrics  in  the  neck  is  to 
remove  the  hejirt  from  the  influence  of  its  inhibitory  nerves;  but  at  the  i 
time,  the  opemtion  profoundly  affects  the  respiratory  movements,  and 
latter  effect  must  be  eliminated  as  far  as  possible  in  studying  the  iniluen 
of  the  pneumogastrics  on  the  circulation.  The  same  remark  applies  to 
experiment  of  Faradization  of  the  pneumogastrics  in  the  neck*  The  i 
branche^^  are  operated  upon  with  difficulty,  and  most  experiments  have  h&tn 
miide  up(.m  the  cervical  portion  of  the  pneumogastric  itself. 

Faradization  of  the  pneumogastrics  in  the  neck  arrests  the  action  of  tbe 
heart  in  diastole  {the  brothers  Weber,  184<j).  This  is  a  direct  action  and  ii 
due  to  the  excitation  of  the  inhibitory  fibres,  which  are  derived  from 
spinal  accessory  nerves.  The  phenomena  following  stimulation  of  ih 
nerves  have  already  been  deseril>ed  in  connection  with  the  physiology  of  the 
circulation  and  the  properties  and  uses  of  the  spinal  accessories. 

Depre^smr  yerve, — While  this  nerve,  which  has  been  describt^l  in 
rabbit  (Cyon  and  Ludwig,  1867),  is  not  isolated  in  the  human  subject,  ill 
probable  that  libres,  the  action  of  which  is  analogous  to  the  action  ot 
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in  animals  in  which  the  nerve  is  anatomically  distinct,  exist  in  the  trunk  of 
the  pnciimogaj?tric.  T!ie  action  of  the  *]epressor  nerves,  which  is  reflex,  haa 
alreatly  been  descrihed  in  connection  with  the  physiology  of  the  circulation. 

Propertim  and  Uses  of  ike  Fulmmmry  Nerves* — The  trachea,  bronchia 
and  the  pulmonary  structure  are  supplied  with  motor  and  sensory  filaments 
by  branches  of  the  pneuniogastrics.  The  recurrent  lar^Tigeals  supply  the 
upper  part,  and  tlie  pulmonary  branches,  the  lower  part  of  the  trachea,  the 
hmgs  themselves  being  supplied  by  the  pulmonary  branches  alone.  The 
sensibility  of  the  mucous  membrane  of  the  trachea  and  bronchia  is  due  to  tho 
pneumogastrics,  for  these  parts  are  insensible  to  irritation  when  the  nerves 
have  been  divided  in  the  neck.  Longet  htm  shown  that  while  an  animal 
coughed  and  showed  signs  of  pain  when  the  mucous  membrane  of  tlie  respim- 
tory  passiiges  was  irritated,  after  division  of  the  pneumogjistrics  there  was 
no  evidence  of  sensibility,  even  when  the  tracheal  mucous  membrane  was 
treated  with  strong  acid  or  cauterized.  He  also  saw  the  muscular  fibres  of 
the  small  bronchial  tube^i  contract  when  an  electric  stimulus  was  applied  to 
the  branches  of  the  pueumogastrics. 

Effects  of  Division  of  the  Pneumogasirics  upon  Eeitpiration. — Section  of 
both  pnenmogastrics  in  the  neck,  in  mammals  and  birds,  is  usually  followed 
by  death,  in  two  to  five  days.  In  very  young  aninials,  death  may  occur 
almost  instantly  from  pandysis  of  the  respiratory  movements  of  the  glottis. 
It  has  been  found  by  all  experimenters  that  aniouds  survived  and  presented 
no  very  distinct  abnormal  phenomena  after  section  of  one  nerve.  Accord- 
ing to  Longet,  animals  operated  upon  in  this  way  present  hoarseness  of  the 
voice  and  a  slight  incrt^a^vc  in  the  number  of  respiratory  acts.  Some  observ- 
ers have  fuiaul  the  corresfmnding  lung  partly  emphyscimitous  and  partly  en- 
gorged with  blood,  and  others  have  not  noted  any  change  in  the  pulmonary 
structure. 

When  both  nerves  are  divided  in  full-grown  dogs,  the  effect  upon  the 
resi)iratory  movements  is  very  marked.  For  a  few  seconds  tho  number  of 
respimtory  acts  may  be  inerc*ased ;  but  so  soon  as  the  animal  becomes  tran- 
quil, the  numljcr  is  very  much  diminished  and  the  movements  change  their 
character.  The  inspiratory  act^  become  unusiiaDy  profound  aud  are  at- 
tended with  excessive  dilatation  of  the  thorax.  The  animal  generally  is  quiet 
and  indisposed  to  move.  Under  these  conditions  the  number  of  respirations 
may  fall  from  sixteen  or  eighteen  to  four  per  minute. 

In  most  animals  that  die  from  section  of  both  pneumogastrics,  the  lungs 
are  found  engorged  with  blood,  and,  as  it  were,  carnified,  so  that  they  sink  in 
water.  This  condition  is  not  the  result  of  inflammation  of  the  pulmonary 
parenchyma,  although  this  was  the  \iew  formerly  entertained  aud  is  even  now 
held  by  some  physiologists.  Bernanl  found  that  the  pulmonary  lesion  did 
not  exist  in  birds,  although  section  of  both  nerves  was  fatal.  It  had  previ- 
ously been  ascertained  that  in  some  animals  death  takes  place  with  no  altera- 
tion of  the  lungs.  When  the  entrance  of  the  secretions  into  the  air  passagea 
was  prevented  by  Uie  introiluction  of  a  canula  into  the  tracht^i,  the  solidifica- 
tion of  the  lungs  was  nevertheless  observed.    Without  detailing  all  of  the 
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experiments  upon  which  the  explanation  offered  by  Bernard  b  based^  it  U 
sufticient  to  state  that  he  observed  a  traumatic  emphysema  as  a  consrrf  - 
of  the  excessively  labored  and  profound  inspirations.  Indeed,  this  can  hi 
ally  seen  when  the  pleura  is  exposed  in  liv  ing  animals.  As  a  result  of  thifi 
excessive  distention  of  the  air-cells,  the  pulmonary  capillaries  are  niptuml  rn 
different  parts,  the  blood  becomes  coagulated  and  t!ie  kings  are  finally  soliili* 
tied.  This  can  not  occur  in  birds,  because  the  lungs  are  fixed,  and  their  rela- 
tions are  such  that  they  are  not  exposeil  to  excessive  distention  in  insjumtion 

The  pneumogastrics  sometimes  reunite  after  division.  The  follotrinij 
observation  (Flint,  1874)  illustrates  this  fact,  which  has  frequently  K»ii 
noted :  Both  pneumogastrics  were  divided  in  the  neck  in  a  raedinm-azoi 
dog.  The  pulse  was  immediately  increased  from  one  hundred  and  twentj 
to  two  hundred  and  forty  in  the  minute,  and  the  number  of  respiratioiu  fell 
from  twenty-four  to  four  or  six.  In  ten  days  the  pulse  and  respirations  bd 
become  normal.  The  dog  was  then  killed  by  section  of  the  medulla  oblort* 
gata,  and  the  reunion  of  tlie  divided  ends  of  the  nerves  was  found  to  W 
nearly  cumplete. 

The  relations  of  the  pneumogastrics  to  the  respiratory  nervous  cctitn^ 
have  been  fully  considered  in  conuection  with  tiio  physiology  of  re^pinvtion. 

Effects  of  Faradization  of  the  Pneumof/aiiiries  upon  Eeftpiraiion. — Fwi* 
dization  of  the  ]> no umogas tries  in  the  neck,  if  the  current  b.^  safliciently 
powerful,  arrest^s  respiration.  This  an-est  may  be  produced  at  any  time  mili 
reference  to  the  respimtory  act,  either  in  expiration  or  inspiration^  althougii 
it  is  more  refidily  effected  in  expimtiou.  During  the  passage  of  the  cum-nt 
the  geneml  movements  of  the  animal  are  also  arrested.  Although  re8pir»* 
tion  may  always  bo  arrested  in  this  way,  quite  a  powerful  current  is  requin«L 
During  the  passiige  of  a  very  feelile  current,  the  respirations  are  ii  '  ' 
They  are  then  retarded  as  the  current  is  made  stronger,  until  i 
cease  (Bert). 

The  following  are  the  phenomena,  observed  by  Bert,  during  the  p,i  . 
of  a  powerful  Fa  radio  current: 

**  If  an  excitation  be  employed  sufficiently  powerful  to  arrest  respiratii 
in  inspiration,  all  respiratory  movements  may  be  made  to  cease  at  the 
moment  when  the  excitation  is  applied  (inspiration,  half-inspiration,  expiii 
tion),  either  by  oj>erating  upon  the  pneumogastric,  or  operating  ujwn 
laryngi^ai.  .  .  . 

"  Any  feeble  excitation  of  centripetal  nerves  increases  the  number  of 
respiratory  movements ;  any  powerful  exeitJition  diminishes  them.     A 
erful  excitation  of  the  pneumogastrics,  of  the  superior  laryngeal,  of  the  : 
branch  of  the  inf morbital,  may  arrest  them  completely ;  if  the  excitatioa  ] 
sufficiently  energetic,  the  arrest  takes  place  at  the  very  moment  it  is  appli 
Finally,  sudden  death  of  the  animal  nmy  follow  a  too  powerful  impr 
thus  tmnsmitted  to  the  respiratory  centre :  all  this  being  true  for  eer 
mammalia,  birds  and  reptiles.'' 

Tlie  aiiove  expresses  the  most  important  experimental  facta  at  preeeot 
known  with  regard  to  the  influence  of  stimulation  of  the  pneumogastrics 
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upon  respiration.  The  pulmonary  branches  themselves  are  so  deeply  situated 
that  they  have  not  as  yet  been  made  the  subject  of  direct  experiment,  with 
any  podtiye  and  satisfactory  results. 

Properties  and  Uses  of  the  (Esophageal  Nerves. — The  muscular  walls  and 
the  mucous  membrane  of  the  oesophagus  are  supplied  entirely  by  branches 
from  the  pneumogastrics.  The  upper  portion  is  supplied  by  filaments  from 
the  inferior  laryngeal  branches,  the  middle  portion,  by  filaments  from  the 
posterior  pulmonary  branches,  and  the  inferior  portion  receives  the  oesopha- 
geal branches.  These  branches  are  both  sensory  and  motor ;  but  probably 
the  motor  filaments  largely  predominate,  for  the  mucous  membi'ane,  although 
it  is  sensible  to  the  extremes  of  heat  and  cold,  the  feeling  of  distention,  and 
a  burning  sensation  upon  the  application  of  strong  irritants,  is  by  no  means 
acutely  sensitive. 

That  the  movements  of  the  oesophagus  are  animated  by  branches  from 
the  pneumogastrics,  has  been  clearly  shown  by  experiments.  In  the  first 
place,  except  in  animals  in  which  the  anatomical  distribution  of  tlie  nerves 
is  different  from  the  arrangement  in  the  human  subject,  the  entire  oesopha- 
gus is  paralyzed  by  dividing  the  nerves  in  the  neck.  When  the  pneumogas- 
trics are  divided  in  the  cervical  region  in  dogs,  if  the  animals  attempt  to 
swallow  a  considerable  quantity  of  food,  the  upper  part  of  the  oesophagus  is 
found  enormously  distended.  Bernard  noted  in  a  dog  in  which  a  gastric 
fistula  had  been  established,  that  articles  of  food  given  to  the  animal  did  not 
pass  into  the  stomach,  although  he  made  great  effoi*ts  to  swallow.  An  in- 
stant after  the  attempt,  the  matters  were  regurgitated,  mixed  with  mucus, 
but  of  course  did  not  come  from  the  stomach. 

Direct  experiments  upon  the  roots  of  the  pneumogastrics  have  shown  tliat 
these  nerves  influence  the  movements  of  the  oesophagus,  and  that  the  motor 
filaments  involved  do  not  come  from  the  spinal  accessory ;  but  it  is  not  known 
from  what  nerves  these  motor  filaments  are  derived. 

Properties  and  Uses  of  the  Abdominal  Nerves. — In  view  of  the  exten- 
sive distribution  of  the  terminal  branches  of  the  pneumogastrics  to  the  ab- 
dominal organs,  it  is  evident  that  the  action  of  these  nerves  must  be  very 
important,  particularly  since  it  has  been  shown  that  the  right  nerve  is  dis- 
tributed to  the  whole  of  the  small  intestine. 

Influence  of  the  Pneumogastrics  ujyon  the  Liver, — There  is  very  little 
known  with  regard  to  the  influence  of  the  pneumogastrics  upon  the  se- 
cretion of  bile ;  and  the  most  important  experiments  upon  the  innervation 
of  the  liver  relate  to  the  production  of  glycogen.  If  both  pneumogastrics  be 
divided  in  the  neck,  and  if  the  animal  be  killed  at  a  time  varying  between  a 
few  houra  and  one  or  two  days  after,  the  liver  contains  no  sugar,  under  the 
conditions  in  which  it  is  generally  found ;  viz.,  a  certain  time  after  death. 
From  experiments  of  this  kind,  Bernard  concluded  that  the  glycogenic  pro- 
cess^ are  suspended  when  the  nerves  are  divided.  The  experiments,  how- 
ever, made  by  irritating  the  pneumogastrics,  were  more  sjitisfuctory,  as  in 
these  he  looked  for  sugar  in  the  blood  and  in  the  urine  and  did  not  confine 
his  examinations  for  sugar  to  the  substance  of  the  liver. 
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After  dinsion  of  pneumogastrics  in  the  neck,  if  the  periphetil  oidi  If ' 
stimiikted  there  is  no  effect  upon  the  lirer ;  but  if  the  ettmiLicis  be  i|i(iied 
to  the  centnil  ends,  the  glycogenic  processes  become  exaggeatedi  and  m^ 
makes  its  appeiinince  in  the  blood  and  in  the  urine.  Bernard  madd  a  tmrn* 
ber  of  experiments  illustrating  this  jvoint,  upon  dogs  and  rabbits.  The  mt* 
rent  employed  was  generally  feeble,  and  it  was  continued  for  h^e  or  ten  min- 
utes, two  or  three  times  in  an  hour.  In  some  instances  the  stimulation  %^ 
kept  up  for  thirty  minutes.  From  these  experiments,  it  is  assumed  thai  the 
physiological  production  of  glycogen  by  the  liver  is  reflex  and  ij  due  to  in 
imj>re8sion  conveyed  to  the  nerve-centres  through  the  pneumogastrica  The 
inhalation  of  irritating  vapors  and  of  anaesthetics  produces  an  incrBnBd  g|j» 
cogenic  action  in  the  liver. 

The  effects  of  irritating  the  floor  of  the  fourth  ventricle,  by  which  tent* 
porary  diabetes  is  produced,  have  been  considered  in  connection  with  d>? 
glycogenic  action  of  the  liver.  This  effect  is  not  due  to  a  direct  transmi*- 
sion  of  the  irritation  to  the  liver  through  the  pneumogHStrics,  for  the  phe- 
nomena are  observed  in  animals  upon  which  this  operation  has  beeri  ^^ ' 
formed  after  section  of  both  pneumogastrics  in  the  neck.  It  is  pr' 
indeed,  that  the  impression  is  eonve>'ed  to  the  liver  through  the  gympathtUt 
system ;  for  it  has  been  shown  that  animals  do  not  become  diabetic  afUf 
irritation  of  Uie  floor  of  the  fourth  ventricle  when  the  branches  of  the  symp»* 
thetic  going  to  the  solar  plexus  have  been  divided.  The  openition,  hoirpm. 
of  dividing  the  sympathetic  nerves  in  this  situation  is  so  serious,  that  it  mit 
interfere  with  the  experiment  in  some  other  way  than  by  the  direct  influemt 
of  the  nerves  upon  the  liver. 

Influence  of  the  PneumngaMrics  upon  the  Stomach  and  /h/mIimct.— lit- 
tle or  nothing  is  known  with  regard  to  the  action  of  the  pneumogastrioi  oo 
the  spleen,  kidneys  and  suprarenal  capsules.  The  influence  of  theae  n«n« 
upon  the  stomach  and  intestine  will  be  considered  under  the  following  hea*i»: 

1.  The  effects  of  Fara^iization  of  the  nerves. 

2.  The  effects  of  section  of  the  nerves  u{K)n  the  movements  of  the  stom* 
ach  in  digestion. 

3.  The  influence  of  the  nerves  upon  the  small  intestine. 

Effects  of  Faradiuition. — The  stomach  contracts  under  6timuIatio&  d 
the  pneumogastric^  in  the  neck,  not  instiintly,  but  after  the  lapse  of  fiv«  Cf 
six  seconds  (Longet).  Longet  explained  s*->me  of  the  contradictory  reBotti 
obtained  by  other  observers  by  the  fact  that  these  contractions  are  f«y 
marked  during  stomach-digestion,  wliile  they  are  wanting  **  when  the  stooK 
ach  is  entirely  empty,  retracted  on  its<L4f  and  in  a  measure  in  rept>se.'*  Stim* 
ulation  of  the  splanchnic  nerves,  while  it  produces  movements  of  the  Uil 
tines,  does  not  affect  the  stomach.  Judging  from  the  tardy  oontraciioal 
the  stomach  and  the  analogy  between  the  action  of  the  {ineumogastrics  uf 
this  organ  and  the  action  of  the  svm pathetic  nerves  ujK>n  the  uon^ 
muscular  tissue,  Longet  assnmed  that  the  motor  action  of  the  pneumogli* 
tries  is  due,  not  to  the  proj^r  filaments  of  these  nerves,  but  to  flJamenti  ili- 
rived  from  the  sympathetic. 
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Effects  of  Setihm  of  the  Pnetimogasiries  upon  the  Movements  of  the 
SimnacL — If  the  pneumogaetrica  be  divided  in  the  neck  in  a  dog  in  full 
digestion,  in  which  a  gastric  fistula  has  been  established  so  that  the  interior 
of  the  organ  can  be  ex])lored,  the  following  phenomena  are  observed : 

In  the  first  place,  before  division  of  the  nerves,  the  mucous  menibmne  of 
the  stomach  is  turgid,  its  reaction  is  intensely  acid,  and  if  the  finger  be  intro- 
duced through  the  fistula,  it  will  be  firmly  grasped  by  the  contrm^tious  of  the 
muscular  walls,  AVhen  the  pneuniogastrics  are  dividi^d,  the  contractions  of 
the  muscular  walls  instantly  ceiise,  the  mucous  membrane  becomes  pide,  the 
secretion  of  gastric  juice  is  apparently  arrested  and  the  sensibility  of  the 
organ  is  abolisheil  (-Iternard). 

Notwithstanding  the  apparent  arrest  of  the  movements  of  the  stomach  in 
digestion,  by  section  of  the  pneumogaatrics^  it  has  been  shown  that  substances 
may  be  very  slowly  passed  to  the  pylorus,  and  that  the  movements,  although 
they  are  greatly  diminished  in  activity,  are  not  entirely  abolished-  This  fact 
h^  been  established  by  the  experiments  of  8chitT,  who  attiibuted  the  move- 
ments occurring  after  section  of  the  nerves  to  local  irritation  of  the  intra- 
muscular terminal  nervous  filaments. 

The  influence  of  the  pneuniogastrics  upon  the  general  processes  of  diges- 
tion, the  sensations  of  hunger  and  thirst  and  upon  absor|)tion  from  the  ali- 
mentary canal  have  alreariy  been  considered  in  connection  with  the  physiol- 
ogy of  digestion  and  absorption. 

Influence  of  the  Pneumofjastncs  upon  the  Small  Iniesiine, — Physiologists 
have  given  but  little  attention  to  the  influence  of  the  ])neumagastncs  upun 
the  intestinal  canal,  for  the  reason  that  the  distribution  of  the  abdominal 
branches  to  the  small  intestine,  notwithstanding  the  i^esearches  of  Kollmann, 
in  1800,  does  not  appear  to  have  been  generally  recognized.  The  right,  or 
postenor  abdominal  branch  was  formerly  supposeil  to  be  lost  in  the  semi- 
lunar ganglion  and  the  solar  plexus,  after  sending  a  few  filaments  to  the 
stomach ;  but  since  it  has  been  shown  that  this  nerve  is  supplieti  to  the 
whole  of  the  small  intestine,  it^  physiology,  in  connection  with  intestinal 
secretion,  has  assumed  considerable  importance. 

The  experiments  of  Wood  have  show^n  that  the  pneumogastrics  influence 
intestimd  as  well  as  gastric  secretion.  After  sectifm  of  the  nerves  in  the 
cervical  region,  the  most  powerful  cathartics  (croton-oil,  C4ilomel,  podo]»hyl- 
lin,  jalap,  arsenic  etc.),  fail  to  invxluce  purgation,  even  in  dose^  suflicient  to 
cause  death.  The  articles  used  were  either  given  by  the  mouth,  Just  before 
dividing  the  nerves,  or  were  injected  under  the  skin. 

Although  the  observations  of  Wood  are  not  entirely  new,  they  are  by  far 
the  most  extended  and  satisfactory,  and  were  mmie  with  a  knowletlge  of  the 
fiict  of  the  distribution  of  the  nerves  to  the  small  intestine.  Brodie  failed 
to  produce  purging  in  dogs,  when  Imth  pneumogastrics  had  been  divided  in 
the  neck,  after  the  administration  of  arsenic  by  the  mouth  and  after  inject- 
ing it  under  the  skin.  Beid  miide  five  experiments,  and  in  all  but  one,  it  is 
stated  that  diarrhoea  existed  after  division  of  the  nerves.  In  twenty  experi- 
ments by  Wood,  there  was  no  purgation  after  division  of  the  nerves,  in  one 
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there  was  free  purgation,  and  in  one  there  was  "^'some  Blight  maoo-fscal  dis- 
charge/' From  the^e,  Wood  concluded  that  while  section  of  the  cenw^d 
pneiimogastrics,  in  the  great  majority  of  instances,  arreata  gastro-intestinul 
secretion  and  pi-e vents  the  action  of  purgatives  upon  the  intestinal  caiml  a 
few  exceptional  cases  occur  in  wlxich  these  effects  are  not  observed. 

It  would  be  interesting  to  determine  whether  the  pneamogastric*  mh- 
cnce  the  intestinal  secretions  through  their  own  fibres  or  through  filameati 
received  from  the  sympathetic  system;  but  there  are  no  experimental  &irt« 
sufficiently  definite  to  admit  of  a  positive  answer  to  this  question.  If  tht' 
action  take  place  through  the  sympathetic  system,  as  in  the  case  of  the  stoin* 
ach,  the  filaments  of  communication  join  the  pneumogastrica  high  up  in  ihe 
neck. 

The  cranial  nerves  that  have  been  considered  in  this  chapter  are  the 
third  J  fourth,  fifths  sixth,  seventh,  tenth,  eleventh  and  twelfth*  The  anih 
t-omical  and  physiological  history  of  the  olfactory  (first),  optic  (aeoondi, 
auditory  (eiglith),  gustatory  (branch  of  the  seventh  and  a  part  of  the  niniii) 
and  of  the  geneml  sensory  nerves,  as  far  as  they  are  concerned  in  the  stfaff 
of  touch,  belongs  properly  to  the  chapters  on  the  special  eeusea. 
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CHAPTER  XVIIL 

THE  SPmAL  CORD, 

OeaenU  arranscmcMit  of  the  ccrebro-f  plnal  ixis— Membranee  of  the  enccpbAlnn  and 

iBchttlian  Hiild— Phy^ioloicrlctU  aniitoni>'  of  the  npitial  coni— ColuuinB  of  the  Cord^-OflMlliH  if  B* 
ncrve-jflibrta  In  tiie  conl'-GeDcral  properties  of  the  spinal  nord^Motor  p&thi  in  the  cord  ffcWiPlT  pKfc* 
iD  the  cord— ReJatlotis  of  the  poeterior  white  colamnM  of  the  cord  to  mnscuUr  co-ordinatioB— JlerfWMiUw 
in  tlie  spinal  cord— Reflex  action  of  the  spinal  cord — £zaggonitioD  M  redox  exdlability  bjr 
poiaoniajti;  nlth  8try<:hiiLiie  ctc-^KeClex  p^eDoaieiiA  olMerved  In  the  biimAn  tubjecu 


The  nervous  matter  contained  in  the  cavity  of  the  cranium  and  in 
spinal  canal,  exclusive  of  the  roots  of  the  cranial  and  spinal  nerves,  is  kn' 
as  the  cerebro-spiual  axis.     This  portion  of  the  nervous  system  is  com 
of  white  and  gray  matter.     The  fibres  of  the  white  matter  act  solely  as  coti 
duetors.     The  gray  matter  constitutes  a  chain  of  ganglia,  which  act  as  nei 
centres,  receiving  impressions  and  generating  the  so-called  nerve- force. 
tain  parts  of  the  gmy  matter  also  serve  as  conductors. 

The  cerebro-spinal  axis  is  enveloped  in  membranes,  which  are  for  its  pro- 
tection and  for  the  support  of  its  nutrient  vessels.     It  is  surrounded  to  a  ct^* 
tain  extent  with  lirpiid,  and  it  presents  cavities,  as  the  ventricles  of  the  bi 
and  the  central  c^inal  of  tlie  cord,  which  contain  liquid*     The  gray 
is  distinct  from  the  white,  even  to  the  naked  eye.     In  the  spinal  cord 
wliito  substance  is  external  and  the  gray  is  internal.     The  surface  of 
bmin  presents  an  external  layer  of  gray  matter,  the  white  substance 
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intemaL  In  the  white  substance  of  the  brain,  also,  are  collections  of  gray 
matter.  The  white  matter  of  the  cerebro-spinal  axis  is  composed  largely  of 
fibres.     The  gray  substance  is  composed  chiefly  of  cells. 

The  encephalon  is  contained  in  the  cranial  cavity  and  consists  of  the 
cerebrum,  cerebellum,  pons  Varolii  and  medulla  oblongata.  In  the  human 
fliibject  and  in  many  of  the  higher  animals,  its  surface  is  marked  by  convo- 
lutions, by  which  the  extent  of  its  gray  substance  is  much  increased.  The 
cerebrum,  the  cerebellum  and  most  of  the  encephalic  ganglia  are  connected 
with  the  white  substance  of  the  encephalon  and  with  the  spinal  cord.  All 
of  the  cerebro-spinal  nerves  are  connected  with  the  encephalon  and  the  cord. 
The  cerebro-spinal  axis  acts  as  a  conductor,  and  its  different  collections  of 
gray  matter,  or  ganglia,  receive  impressions  conveyed  by  the  sensory  conduct- 
ing fibres,  and  generate  motor  impulses  which  are  transmitted  to  the  proper 
organs  by  the  motor  fibres. 

Membranes  of  the  Encephalon  and  Spinal  Cord. — The  membranes  of  the 
brain  and  spinal  cord  are  the  dura  mater,  the  arachnoid  and  the  pia  mater. 

The  dura  mater  of  the  encephalon  is  a  dense  membrane,  in  two  layers, 
composed  chiefly  of  ordinary  fibrous  tissue,  which  lines  the  cranial  cavity 
and  is  adherent  to  the  bones.  In  certain  situations  its  two  layers  are  sepa- 
rated and  form  what  are  known  as  the  venous  sinuses.  The  dura  mater 
also  sends  off  folds  or  processes  of  its  internal  layer.  One  of  these  passes  in- 
to the  longitudinal  fissure  and  is  called  the  falx  cerebri ;  another  lies  between 
the  cerebrum  and  the  cerebellum  and  is  called  the  tentorium ;  another  is  sit- 
uated between  the  lateral  halves  of  the  cerebellum  and  is  called  the  falx  cere- 
belli.  The  dura  mater  is  closely  attached  to  the  bone  at  the  border  of  the 
foramen  magnum.  From  this  point  it  passes  into  the  spinal  canal  and  forms 
a  loose  covering  for  the  cord.  In  the  spinal  canal,  this  membrane  is  not  ad- 
herent to  the  bones,  which  have,  like  most  other  bones  in  the  body,  a  special 
periosteum.  At  the  foramina  of  exit  of  the  cranial  and  the  spinal  nerves,  the 
dura  mater  sends  out  processes  which  envelop  the  nerves,  with  the  fibrous 
sheaths  of  which  they  soon  become  continuous. 

The  arachnoid  is  a  delicate  membrane,  resembling  the  serous  membranes, 
with  the  exception  that  it  presents  but  one  layer.  Its  inner  surface  is  cov- 
ered with  a  layer  of  tesselated  endothelium.  There  is  a  considerable  quantity 
of  liquid  between  the  arachnoid  and  the  pia  mater,  surrounding  the  cerebro- 
spinal axis,  in  what  is  called  the  subarachnoid  space.  This  is  called  the  cer- 
ebro-spinal, or  cephalo-rachidian  fluid.  The  arachnoid  does  not  follow  the 
convolutions  and  fissures  of  the  encephalon  or  the  fissures  of  the  cord,  but  it 
simply  covera  their  surfaces.  Magendie  described  a  longitudinal,  incom- 
plete, cribriform,  fibrous  septum  in  the  cord,  passing  from  the  inner  layer  of 
the  arachnoid  to  the  pia  mater.  A  similar  arrangement  is  found  in  certain 
situations  at  the  *base  of  the  skull. 

The  pia  mater  of  the  encephalon  is  a  delicate,  fibrous  structure,  very  vas- 
cular, seeming  to  present,  indeed,  only  a  skeleton  net-work  of  fibres  for 
the  support  of  ihe  vessels  going  to  the  nervous  substance.  This  membrane 
covers  the  surface  of  the  encephalon  immediately,  follows  the  sulci  and  fis- 
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sureg,  and  is  prolonged  into  the  ventricles,  where  it  forms  the  choroid  pletm 
and  the  velum  inteqiosituni.  Fix)m  its  interna)  aurfaoe  Bmall  veaBck  tr» 
given  otf  wliirh  pti*s  into  the  nervous  substance. 

Tlie  i*ia  inut*^r  of  the  encephalon  is  continuous  with  the  corpeqjonding 
membrane  of  the  cord ;  but  in  the  spinal  canal  the  membmue  is  thickt^, 
stronger,  more  oloselv  adherent  to  the  subjacent  parts^  and  ita  blood-veisiili 
are  not  m  abundant.  In  this  situation  many  of  the  fibres  are  arranged  in 
longitudinal  bands.  Tliis  membrane  lines  the  anterior  fissure  and  &  \ 
of  the  posterior  fissure  of  the  cord.  At  the  foramina  of  exit  of  the  cu.,..., 
and  the  spinal  nerves,  the  fibrous  structure  of  the  pia  mater  becomes  coutin* 
nous  with  the  nerve^sheaths. 

Between  the  anterior  and  posterior  roots  of  the  spinal  nerves,  cm  either 
side  of  the  cord,  is  a  narrow,  ligamentous  band,  the  ligamentum  denticuUtinD^ 
which  assists  in  holding  the  cord  in  place.  This  extends  from  the  fommen 
magnum  to  the  terminal  filament  of  the  cord,  and  is  attached,  intemallr.  Ui 
the  pia  mater,  and  externally,  to  the  dura  mater. 

It  is  not  necessary  to  enter  into  a  detailed  description  of  the  arniu:' 
of  the  blood-vessels,  nerves  and  lymphatics  of  the  membranes  of  the  bci 
spinal  cord,  or  of  the  vascular  arrangement  in  the  substance  of  the  certhn- 
spinal  axis,  as  these  points  are  chiefiy  of  anatomical  interest.     The  ctrrub- 
tion  in  these  parts  presents  certain  peculiarities.     In  the  first  place,  the*  en- 
cephalon being  contained  in  an  air-tight  case  of  invariable  capacity,  it  hag  been 
a  question  whether  or  not  the  vessels  be  capable  of  contraction  and  dibtatioti. 
or  whether  the  quantity  of  blood  in  the  brain  be  subject  to  modifieatioo*  lu 
health  or  disease^     These  questions  nniy  certainly  be  answered  in  the  sffinri' 
ative.     In  infancy  and  in  the  adult,  when  an  opening  has  been  made  in  tin- 
skull,  the  volume  of  the  encephalon  is  evidently  increased  during  expiation 
and  is  diminishcil  in  inspiration.     Under  normal  conditions,  in  the  ii»i  ' 
is  probable  that  the  quantity  of  blood  is  increased  in  expiration  and  - 
ished  in  inspiration ;  but  it  is  not  probable  that  the  cerebro-spinal  axis  ihiM 
goes  any  considerable  movement's.     The  important  peculiarities  in  tli 
bral  circulation  have  already  been  fully  considered  in  connection  hi 
physiology  of  the  circulation.     It  has  been  shown  that  the  eneephalie  capiiia* 
ries  are  surrounded  or  nearly  surroun<k*d  by  canals  (perivascular  cjiaal-sp- 
tern),  which  are  connected  with  lymphatic  trunks  or  reservoirs  situated  nndcr 
the  pia  mater.     The  system  of  canals  may,  by  variations  in  its  contents,  serrt 
to  equalize  the  quantity  of  liquid  in  the  brain,  as  the  blood-vessels  are 
tended  or  contracted. 

Cqtkaio-Rftrhidiftn  Fluid. — The  greatest  part  of  the  fluid  in  the  cmnitt 
and  in  tlie  spinal  canal  is  contained  in  the  subamchnoid  space.  The  veuti 
cles  of  the  encephalon  are  in  communication  with  the  central  ci*nal  of  the 
cord,  and  are  also  connected  with  the  general  subarachnoid  spacejiya  narrow, 
triangular  orifice  situated  at  the  inferior  angle  uf  the  fourth  ventricle.  B!_ 
this  arrangement  the  liquid  in  the  ventricles  of  the  encephalon  and  in  I 
central  canal  of  the  cord  conmmnicates  with  the  liquid  surrounding  the* 
ebro-spiuiU  axis,  and  the  pressure  upon  these  parts  is  equalized. 
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As  far  as  is  known,  the  office  of  the  cephalo-rachidian  fluid  is  simply 
mechanical,  and  its  properties  and  composition  have  no  very  definite  physio- 
logical significance.  Its  quantity  was  estimated  by  Magendie,  in  the  human 
subject,  at  about  two  fluidounces  (60  c.  c.) ;  but  this  was  the  smallest  quan- 
tity obtained  by  placing  the  subject  upright,  making  an  opening  in  the  lum- 
bar region  and  a  counter-opening  in'  the  head  to  admit  the  pressure  of  the 
atmosphere.  The  exact  quantity  in  the  living  subject  could  hardly  be  esti- 
mated in  this  way ;  and  it  is  difficult,  indeed,  to  see  how  any  thing  more  than 
a  roughly  approximate  idea  could  be  obtained.  The  quantity  obtained .  by 
Magendie  probably  does  not  represent  all  the  liquid  contained  in  the  ventri- 
cles and  in  the  subarachnoid  space,  but  it  is  the  most  definite  estimate  that 
bas  been  given. 

The  general  properties  and  composition  of  the  cephalo-rachidian  fluid 
are  in  brief  the  following :  It  is  transparent  and  colorless,  free  from  viscid- 
ity, of  a  distinctly  saline  taste,  an  alkaline  reaction,  and  it  resists  putrefaction 
,  for  a  long  time.  It  is  not  affected  by  heat  or  acids.  It  contains  a  large  pro- 
portion of  water  (981  to  985  parts  per  thousand),  a  considerable  quantity  of 
sodium  chloride,  a  trace  of  potassium  chloride,  sulphates,  carbonates  and  alka- 
line and  earthy  phosphates.  In  addition  it  contains  traces  of  urea,  glucose, 
sodium  lactate,  fatty  matter,  cholesterine  and  albumen. 

As  a  summary  of  the  office  of  the  cephalo-rachidian  fluid,  it  may  be 
stated  in  general  terms  that  it  serves  to  protect  the  cerebro-spinal  axis, 
chiefly  by  equalization  of  the  pressure  in  the  varying  condition  of  the  blood- 
vessels, filling  the  space  between  the  centres  and  the  bony  cavities  in  which 
they  are  contained.  That  the  blood-vessels  of  the  cerebro-spinal  axis  are  sub- 
ject to  variations  in  tension,  is  readily  shown  by  introducing  a  canula  into 
the  subarachnoid  space,  when  the  jet  of  fluid  discharged  will  be  increased 
with  every  violent  muscular  effort.  The  pressure  of  the  fluid,  in  this  in- 
stance, could  be  affected  only  through  the  blood-vessels. 

Physiological  Anatomy  of  the  Spinal  Cord. 

The  spinal  cord,  with  its  membranes,  the  roots  of  the  spinal  nerves  and 
the  surrounding  liquid,  occupies  the  spinal  canal  and  is  continuous  with  the 
encephalon.  Its  length  is  fifteen  to  eighteen  inches  (38*1  to  45*7  centi- 
metres) and  its  weight  is  about  an  ounce  and  a  half  (42*5  grammes).  Its 
general  form  is  cylindrical,  but  it  is  sliglitly  flattened  in  certain  portions. 
It  extends  from  the  foramen  magnum  to  the  lower  border  of  the  body  of  the 
first  lumbar  vertebra.  It  presents,  at  the  origin  of  the  bracliial  nerves,  an 
elongated  ovoid  enlargement  flattened  antero  posteriorly,  and  a  correspond- 
ing enlargement  at  the  origin  of  the  nerves  which  supply  the  lower  extremi- 
ties. It  terminates  below  in  a  slender,  gray  filament,  called  the  filum  termi- 
nale.  The  sacral  and  coccygeal  nerves,  after  their  origin  from  tlie  lower 
portion  of  the  cord,  pass  downward  to  emerge  by  the  sacral  foramina,  and 
they  form  what  is  known  as  the  cauda  equina.  The  substance  of  the  cord 
is  composed  of  white  and  gray  matter,  the  white  matter  being  external. 
The  inferior,  pointed  termination  of  the  cord  consists  entirely  of  gray  matter. 

89 


500 


NERVOUS  SYSTEM. 


The  cord  is  marked  by  an  anterior  aud  a  posterior  median  fiasair;  i 

by  imperfect  and  somewhat  indistinct  anterior  and  posterior  lat^ml  j 


ier*.     By  niean»  of  the^t  >  '   direction  * 

ujtunliy  distiuct  iGtrlacb), 
o,  aDUTtor  edluniiis  :  6,  p<)^t4^rior  colurtins  ;  e,  lateral  eolumiiB :  d,  auterfor  roots ;  r.  ] 
iLtit4*rior  wliU*'  iHJiunutyiiirf,  i»  troiiirriuniedtlMii  wifli  t!i»'  fji^cictill  of  the  aiit<Tinr  c 
tenor  eolumiiifi  :  gp,  cvntr&l  canal  with  It-s  ■  /rroundinK'  e«">nneotlve  subfitiii 

oeDtral  canal ;  i,  trausverst^  fatR-icnili  of  th>-  .  m  front  of  the  of  niral  I'muil  i  k,  i 

verse  fa»c?k"iili  of  the  ijray  et>mmi.Mj*un-  b«'«j  lanal  ;  /.  traasv«Tse  mk^ Jkiii  u(  tte  V 

central  veins  ;  yn,  anterior  t-Mruna  :  n,  i^reat,  laUral  c>-llul;ir  lay»^r  of  the  anttrior  cnrtitiui  ;  o,  li«* 
anf**ri<*r  cellular  layer  :  p,  KiiialU^L,  median  cr-llular  layer  ;  q,  jK^terior  eoraua  ;  f.  McranltQK  tm 
ctculj  m  the  po«t«?rior  coruua  ;  »^  «iubstaDCia  gelatluoi&a. 

from  which  latter  arise  the  anterior  and  the  posterior  roots  of  the  ifiial 
nerves.     The  posterior  lateral  grt>ove  is  tolerably  well  marked^  but  there| 
no  distinct  line  at  the  origin  of  the  anterior  roots.     The  anterior 
sure  is  perfectly  distiiiet     It  penetrate^s  the  anterior  j>ortion  of  ,  i| 

the  median  line,  for  about  one-third  of  its  thickness  and  receives  a  higbly  vi 
cular  fold  of  the  pia  mater.     It  extends  to  the  anterior  white  commis 
The  postexior  fissure  is  not  so  distinct  as  the  anterior,  and  it  is  not  lin 
throiifrhont  by  a  fold  of  the  pia  muter,  hot  is  tilled  with  connective  tii 
and  blood-vessels,   which  form  a  septum  posteriorly,   between   the  hu 
halves  of  the  cord.     The  posterior  median  fissure  extends  nearly  to  the  cen- 
tre of  the  card,  as  far  as  the  posterior  gray  commissure. 

The  armngement  of  the  white  and  the  gray  matter  in  the  cord  is  seen  iflt 
transverse  section.     The  gray  substance  is  in  the  form  of  a  letter  H,  pr 
ing  two  anterior  and  two  posterior  cornua  eonnectcHi  by  what  is  called  1 
gray  commissure.     The  anterior  cornua  are  short  aiul  broad,  and  they  dol 
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reivch  to  the  surface  of  the  eonL  The  posterior  coniua  are  hirger  uinl  iitir- 
rower,  and  they  extend  iietirly  to  the  surface,  at  the  point  of  origin  of  the 
posterior  roots  of  the  spinal  nerves.    In  the  centre  of  the  gray  commissure,  is 

1  a  narrow  canal,  lined  by  cells  of  ciliated  epithelium,  ealled  the  central  canal. 
This  is  in  communication  above  with  the  fourth  vejitriete,  and  it  extends  tie- 
low  to  the  filum  terminale.  That  ]Kirtion  of  tlie  gray  eommi6«iure  situated  in 
front  of  this  canal  is  sometimes  called  the  anterior  gmy  commissure,  the 

.posterior  portion  being  known  a^  the  posterior  gray  commissure.     The  cen- 

i-tnil  canal  is  immediately  surrounded   by  connective  tissue.     In  front  of  the 

f  gray  commissure,  is  the  anterior  'ivhite  commissure. 

The  proportion  of  the  white  to  the  gray  substitnce  is  variable  in  different 

i  portions  of  the  cord.  In  the  cervical  region,  the  white  substance  is  most 
abundant,  and  in  fact  it  progressively  increases  in  quantity  from  below  up- 
ward throtighout  the  whole  extent  of  the  cord*  In  the  dorsal  region,  the 
gray  matter  is  least  abundant,  and  it  exists  in  greatest  quantity  in  the  lumbar 
enlarge  men  t. 

The  white  substance  of  the  cord  is  composed  of  nervc^fibres,  connective- 
tissue  elements  (neurogha)  and  blood-vessels,  the  latter  arranged  in  a  very 
wide  and  delicate  plexns.  The  nerve-tibres  are  variable  in  size  and  are  com- 
p)sed  of  tbe  axis-cylinder  and  the  medullary  substance,  without  the  tubular 
membrane. 

The  anterior  eorniui  of  gray  matter  contain  blood-vessels,  connective-tis- 
sue elements  (neuroglia),  very  tine  nerve-tibres,  and  large  multipolar  nerve- 
cells,  which  are  sometimes  called  motor  cells.  The  posterior  cornua  are  com- 
posed of  the  sjime  elements,  the  cells  being  much  smaller,  and  the  fibres  ex- 
ceedingly small,  presenting  very  fine  plexuses.  The  cells  in  tins  situation 
are  sometimes  called  sensory  cells.  Near  the  posterior  portion  of  each  poste- 
rior cornu,   is  an  enlargement,   of   a  gel  a  tin  if  or  m   appearance,   containing 

'.Bmall  cells  and  fibres,  called  the  substantia  gelatinosa.  The  connections 
betw*een  the  nerve-cells  and  the  nerve-tibres  have  alrea*iy  been  described  in 
connection  with  the  general  structure  of  the  nervous  system.  Tbe  multi* 
polar  nerve-cells  are  supposiMl  to  present  certain  prolongations  which  do  not 
branch  and  are  ilirectly  connected  with  the  medullated  nerve- fibres.  These 
are  called  axis-cylinder  prolongations.  In  addition,  fim^  branching  poles  are 
described  under  the  name  of  protoplajsmie  prolongations.  In  both  t!ie  white 
and  the  gray  substance  of  the  cord,  is  a  ground-work  of  delicate  cotmective- 
tiasue  fibres  and  cells,  calle*i  neuroglia.  This  supports  tbe  nerve-cells,  nerve- 
fibres^  vessels  etc.  The  neuroglia  is  particularly  abundant  in  that  part  of  the 
posterior  coniua  of  gray  matter,  called  the  substantia  gelatinosa. 

The  division  of  the  spinal  cord  into  columns  has  a  physiological  as  well 

I  fts  an  anatomical  basis.  Anatomists  usually  recognize,  on  either  side  of  the 
cord,  an  anterior  column,  bmmded  by  the  anterior  median  fissure  and  the 
line  of  origin  of  the  anterior  root^s  of  tbe  spinal  nerves,  a  lateral  colunm, 
bounded  by  the  lines  of  origin  of  the  anterior  and  of  the  posterior  roots  of 
the  nerves,  and  a  posterior  column,  bounded  liy  tbe  lifie  of  tbe  posterior  roots 
of  the  spinal  nerves  and  the  posterior  median  fissure.     As  the  anterior  or 
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posterior  colamns  include  either  the  white  or  the  gray  matter,  they  are  cdld 
respectively  the  anterior  or  posterior  white  and  gray  columns.  Physitilogicd 
and  pathological  researches,  however,  have  6ho\Mi  that  the  corti  ni:ir  ^'^n^ 
erly  be  farther  divided  as  follows : 

1.  Volnmns  of  Turelu — By  the  sides  of  the  anterior  nieiiiLui  ii>y 
tw^o  narrow  columns  of  whit«  matter,  one  on  either  side,  extendiu*: 
white  commissure  (A,  in  Fig.  '417),  called  the  columns  of  Tftrek,  thedirpct 
or  the  unci-ossed  pyramidal  tracts.  The  fibres  of  these  columns  descend, 
prohahly  decussate  in  the  cervical  region  of  the  cord,  and  the  cohminsare 
lost  in  the  lower  dorsal  region*  Destruction  of  certain  motor  parts  in  ik 
hmin  is  followed  by  descending  secondary  degeneration  of  the  fibres  of  the* 
columns. 

2.  Crossed  Pyramidal  7r«f/x.— These  are  situated,  one  on  either  " 
the  posterior  portion  of  the  lateral  columns  (G,  G,  in  Fig.  217),  u,i . 
hounded  internally  by  the  posterior  eornua  of  gray  matter  and  extemailr  Irr 
a  narrow  band  called  the  direct  cerel)ellar  tract.  In  following  the  mlunim 
upward,  it  is  found  that  they  pass  forwani  in  the  upi>er  i»art  of  the  ecnifd 
region  and  decussate  in  the  lower  portion  of  the  anterior  pyramtils  of  the 
medulla  oblongata.  These  are  descending  tracts,  and  their  fibre*  nudergn 
descending  secondary  degeneration  as  the  result  of  destruction  of  certain 
motor  parts  in  the  brain. 

3.  Anterior  Fnndmnentat  Fasciculi. ^These  fasciculi  (B,  in  Fig.  *2ir|, 
are  bounded  internally  by  the  columns  of  Tui-ck  and  estemally  by  the  ante- 
rior eornua  of  gray  matter  and  the  anterior  roots  of  the  spinal  nerve*.  Their 
fibres  are  supposed  to  connect  the  gray  matter  of  the  anterior  eornua  of  thv 
cord  with  the  gray  matter  of  the  medulla  oblongata. 

4*  Anterior  Radicftlnr  Zones. — These  columns  (Fi,  E,  in  Fig.  217)  are  in 
the  anterior  portion  of  the  lateral  columns.  Their  fibres  are  supposed  to 
connect  the  gray  matter  of  the  cord  with  the  gray  matter  of  the  medolb 
oblongata. 

5.  ^fixed  Lateral  Columns. — These  columns  (F,  F,  in  Fig.  217)  »re  m 
the  lateral  columns  of  the  cord,  next  the  gray  matter.  With  the  antew 
fundamental  fasciculi  and  the  anterior  mdicular  zones,  they  probably  conn^t 
the  gray  mutter  of  the  coi"d  with  the  gray  matter  of  the  medulla  oblongaU. 

The  fibres  of  the  anterior  fundamental  fasciculi,  the  anterior  radicuUr 
zones  and  the  mixeii  lateml  columns  do  not  degenerate  in  either  direction  » 
the  result  of  section  of  the  cord.  Their  fibres  seem  to  connect  nerve-eelb  with 
each  other,  and  their  trophic  cells  exist  at  both  extremities,  which  aeeanoU 
for  the  absence  of  degeneration,  just  mentioned. 

0.  Direct  CerebeUar  Fasciculi. — These  fasciculi  (H,  H,  in  Fig*  217)  iw 
situatcil  at  the  outer  and  posterior  portion  of  the  lateral  columns.  Tbrif 
fibres  pass  to  the  funiculi  graciles,  or  posterior  p\Tamids  of  the  medQ 
oblongata,  and  thence  to  the  cerebellum^  by  the  inferior  podnncles. 
connect  the  cells  of  the  |M>sterior  eornua  of  gray  matter  with  the  cerebelh 
These  columns  make  their  apf>earanee  first  in  the  lumbar  region  of  the  < 
and  they  increase  in  size  from  below  upward.    After  section  of  the 


PHYSIOLOGICAL  ANATOMY  OF  THE  SPINAL  CORD. 


593 


/  A    \ 


AR 


PR^ 


^H 


ipR 


\ 


\ 


/ 


/ 


cord,  the  fibres  of  the  direct  cerebellar  fasciculi  show  ascending  secondary 
degeneration.  Their  tro])hic  centres  probably  are  the  cells  of  the  posterior 
cornua  of  gray  matter  of  the  oorcL 

7.  Columns  nf  Burd(ick,'^ThesQ  columns  (D,  in  Fig.  217)  are  in  the  pos- 
terior columns  of  the  cord,  between  the  columns  of  Goll  and  the  posterior 
cornua  of  gray  matter.  Their  fibres  oounect  some  of  the  cells  of  the  gray 
matter  of   the  posterior  eornua  with  the  ^ 

eerebelhim;  or  at  leik?t  the  fibres  pass  up- 
ward and  are  connected  witli  the  restiform 
bodies,  going  to  the  cerebellum  through 
the  inferior  peduncles.  The  fibres  also 
connect  nerve-cells  of  different  portions  of 
the  cord  with  each  other.  No  secondary 
degenerations  have  been  noted  iu  these 
columns. 

8*    Columns  of  OoU—^These  delicate 

LCcilumns  (C,  in  Fig.  217)  are  situated  on 

reither  side  of  the  posterior  median  fissure. 
They  are  lost  in  the  lower  dorsal  or  upper 
lumbar  region.  Their  fibres  pass  upward 
and  are  lost  iu  tlie  funiculi  graciles  of  the 
medulla  oblongata.  After  section  of  the 
cord,  ascending  secondary  degeneration  is 
observed  in  the  fibres  of  these  columns. 

Ditections  of  Nerve  -  Fibres  in  the 
Cord. — Many  of  the  points  in  the  descrip- 
tion of  the  course  and  connections  of  the 
fibres  in  the  cord  are  given  jxs  probable, 
ATiatomieal  observations  have  been  some- 
what contradictor^',  but  these  have  been 
corrected  or  verified  by  following  the  paths 
of  degenenUion.  What  is  called  secondary  degeneration  is  the  anatomical 
change  in  the  nerve-fibres  which  follows  separation  of  the  fibres  fi-om  the 
cells  which  act  as  their  trophic  centres,  or  the  centres  presiding  over  their 
nutrition^  these  changes  being  secondary  to  the  destruction  or  degeneration 
of  the  centres. 

The  fibres  of  the  anterior  roots  of  the  spinal  nerves,  following  these  fibres 
inward  and  upward,  pass  directly  to  the  large,  multipolar  motor  cells  of  the 
iterior  cornua  of  gray  matter  and  have  no  direct  connection  with  the  white 

^oohimns.  Their  direction  through  the  white  columns  of  the  cord  is  oblique 
and  slightly  upward.  They  are  continuous  with  the  axis-cylinder  proluuga- 
tions  of  the  cells.  From  the  nerve-cells,  prolongations  are  given  off,  by 
branching  processes,  in  two  bundles,  median  and  lateral.  The  fibres  of  the 
meilian  bundle  pass  to  the  anterior  white  commissure,  in  which  they  decus- 
sate. They  then  go  each  one  to  the  eukimn  of  Turck  on  the  opposite  side 
and  pass  upward  in  the  so-called  direct  pyramidal  tracts.     The  fibres  of  the 


FlO.  HT.— Diagram  of  tke  columns  and  con- 
duett  ntj  pathM  in  f/ir  Mpina!  coni  in  the 
up}M>r  dormit  r^pip/oii.  (ciuarg^ed  ftud  modi- 
ftei]  front  f^ndols). 

AR,  AR,  anterior  toOUi  of  the  spjnal  nerres  ; 
PR.  PR^  oo«tfrlor  roots  ;  A.  cft^lumiia  of 
Tflretc ;  K  anterior  fuiid«rnental  fascku- 
II  ;  V,  eolumnH  of  n«ill  ;  I>»  columna  of 
Biirdii«>h  ;  E,  E,  anterior  rod lnil*r  zoeksh  ; 
F,  F,  ntlxed  )at4^ral  t^^lumos  ;  G,  O, 
croHwil  pyramidal  tract h  :  H.  H*  direct 
Cfn»l»llar  fikwicuHi.  Th*»  pray  matter  of 
tli^  eord  is  in  blA4.^k.  Tli**  tl^^ure  also 
shoiTH  the  anlt-rior  and  |MK*ter1or  median 
flAHiiri^,  ttie  whilJe'  find  gray  eommisBUFtfa 
and  the  ct'otral  canal. 


594 


NEEYOUS  SYSTEM. 


ittera]  bundle  go  to  the  crossed  pyramidal  tract  in  the  lateml  coIuidd  of  ih 

le  side  and  pass  upward  to  decussate  at  the  medulla  oblongata. 

The  fibres  of  the  columns  of  Tiirck  and  the  crossed  pyramidal  tnciaiR 
the  only  fibres  of  the  cord  which  are  known  to  convey  motor  impolacs  bm 
the  brain.  Deetniction  of  certain  parts  of  the  brain  produces  deooeodu^ 
secondary  degeneration  of  these  fibres* 

It  ig  probable  that  fibres  arise  from  the  cells  of  the  gray  mstter  ol  tin 
cord,  which  connect  these  cells  with  each  otlier  and  are  concerned  io  crr. 
tain  reflex  phenomena  involving  the  action  of  the  cord  alone.  These  tk» 
are  in  the  anterior  fundamental  fasciculi,  the  anterior  radicatar  aonet  aad 
the  mixed  lateral  columns.     They  present  no  secondary  degenemtion. 

The  fibres  of  the  posterior  roots  of  the  spinal  nen'es  pass  to  the  flmdl, 
sensory  cells  of  the  posterior  cornua  of  gray  matter  of  the  cord  and  are  im- 
nente^l  by  branching  processes  with  branching  prolongations  of  these  celk 
Processes  from  these  cells  pass  to  the  gray  commissure  and  decussate  arouml 
the  central  canal,  conducting  sensory  impressions  to  the  brain,  in  tbt»  jfnt  \ 
matter  of  the  opposite  side  of  the  cord.  The  sensory  conductors  therrfo«% 
decussate  all  along  the  cord.  Some  of  the  fibres  go  to  the  columns  of  (ioB 
and  pass  upward  to  and  are  continuous  with  the  fanlcnli  gruciles  of  tki 
medulla  oblongata.     Fibres  also  pass  to  the  direct  cerebellar  f  iiMlil 

few,  perhaps,  to  the  columns  of  Burdach,  to  go  upward  to  t  llwn*J 

Section  of  the  cord  produces  ascending  secondary  degenerations  in  tbe « 
umns  of  Goll  and  the  direct  cerebellar  fasciculi.     Fibres  originating  in 
nerve*cells  of  the  posterior  cornua  pass  in  and  out,  along  the  eonl,  and  < 
nect  the  cells  with  each  other.     These  may  properly  be  called  longitndii 
commissural  fibres.     They  probably  constitute  the  greater  jiart  of  thei 
umns  of  Burdach  and  they  present  no  secondary  degeneration* 

General  Properties  of  the  Spinal  Cobi>. 

As  regards  the  general  properties  of  the  cord,  as  shown  by  the  eSe<^l 
stimulus  applied  to  its  exterior  or  to  its  cut  surface,  the  term  excitabili 
be  used  to  express  a  property  indicated  by  direct  muscular  contraction  I 
ing  stimulation  of  the  cord,  and  sensibility,  a  property  which  enables  it ' 
receive  impressions  which  produce  pain.     In  exciting  different  (lartii  of  ' 
cord  with  electricity,  it  is  necessary  to  carefully  guard  against  an  ext 
of  the  current  Ixnond  the  points  which  it  is  intended  to  sttmnlatirt. 
physiologists  regard  the  cord  as  absolutely  inexcitableand  in.«       *  '     '-ithi 
its  surftu^e  and  in  its  deeper  portions.     With  this  view^  it  i-  i 

jmrtA  of  the  cord  will  conduct  motor  impulses  received  from  the  centii 
situatad  above,  but  are  not  excited  by  a  stimulus  applied  dirc<*tJy.     In 
same  way,  it  is  thought,  parts  of  the  cord  will  convey  sensory  impr 
rec^eived  through  the  nerves,  but  are  insensible  to  direct  irritation. 

The  results  of  the  observations  of  Van  Deen,  Brown-Seqnani,  Schif  and 
others,  were  simply  negative;  but  the  }X)sitive  results  obtained  by  Lc*ngrt* 
Fick,  Vulpian  and  those  who  regiird  parts  of  the  cord  as  excitable  and  Bi*n- 
sihle,  show  that  certain  of  the  columns  react  under  direct  stimulation. 
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In  some  experiments  made  in  1863  (Flint)  upon  a  living  dog,  the  cord 
having  been  exposed  in  the  lumbar  region  and  stimulated  mechanically  and 
with  an  electric  current  two  hours  after  the  operation,  certain  positive  results 
were  obtained,  which  led  to  the  following  conclusions : 

The  gray  substance  is  probably  inexcitable  and  insensible  under  direct 
stimulation. 

The  antero-lateral  columns  are  insensible,  but  are  excitable  both  on  the 
sorface  and  in  their  substance ;  and  direct  stimulation  of  these  columns  pro- 
duces convulsive  movements  in  certain  muscles,  which  movements  are  not 
reflex  and  are  not  attended  with  pain.  The  lateral  columns  are  less  excitable 
than  the  anterior  columns. 

The  surface,  at  least,  of  the  posterior  columns  is  very  sensitive,  especially 
near  the  posterior  roots  of  the  nerves.  The  deep  portions  of  the  posterior 
columns  are  probably  insensible,  except  very  near  the  origin  of  the  nerves. 

The  above  conclusions  refer  only  to  the  general  properties  of  different 
portions  of  the  cord,  as  shown  by  direct  stimulation,  in  the  same  way  that 
the  general  properties  of  the  nerves  in  their  course  are  demonstrated. 

Motor  PatJis  in  the  Cord. — What  has  been  said  regarding  the  direction 
of  the  fibres  in  the  cord  and  the  situation  and  course  of  the  degenerations 
following  destruction  of  motor  cerebral  centres  conveys  a  definite  idea  of  the 
motor  paths  in  the  cord.  This  idea  is  sustained  by  experiments  in  which 
different  columns  of  the  cord  have  been  divided  in  living  animals. 

The  motor  paths  are  in  the  direct  pyramidal  tracts  (columns  of  Tfirck) 
and  in  the  crossed  pyramidal  tracts  of  the  lateral  columns.  The  motor  im- 
pulses are  conveyed  by  the  fibres  of  these  tracts  to  the  multipolar  cells  in  the 
anterior  comua  of  gray  matter  and  are  thence  transmitted  to  the  anterior 
roots  of  certain  spinal  nerves.  In  the  lower  dorsal  region  the  conduction 
is  confined  to  the  crossed  pyramidal  tracts  in  the  lateral  columns,  while 
above,  the  direct  pyramidal  tracts  participate  in  this  action. 

The  motor  fibres  decussate  in  the  anterior  pyramids  of  the  medulla  oblon- 
gata (crossed  pyramidal  tracts),  and  in  the  cervical  region,  to  a  comparatively 
slight  extent,  before  the  direct  pyramidal  tracts  (columns  of  Tiirck)  pass  to 
the  encephalon.  In  the  cervical  region  the  decussation  takes  place  probably 
in  the  anterior  white  commissure.  The  fact  of  this  decussation  of  motor 
conductors  is  sustained  by  pathology — paralysis  of  motion  following  brain- 
lesions,  occurring  on  the  opposite  side  of  the  body — and  by  experiments  in 
which  the  fibres  as  they  cross  are  divided  by  a  longitudinal  median  section 
in  the  medulla  and  in  the  cer>4eal  region  of  the  cord. 

Vaso-motor  nerve-ifibres  exist  in  the  lateral  columns  of  the  cord  and 
probably  are  connected  with  the  cells  of  the  gray  matter.  They  pass  out  in 
the  anterior  roots  of  the  spinal  nerves  and  go  to  the  blood-vessels  either 
from  the  branches  of  the  spinal  nerves  directly  or  through  filaments  sent  to 
the  sympathetic. 

Sensory  Paths  in  the  Cord, — Tlie  gray  matter  of  the  cord  is  the  part 
concerned  in  the  conduction  of  sensory  impressions  (Bellingeri,  1823).  This 
fact  has  been  verified  by  recent  experiments ;  but  it  is  thought  that  some  of 
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the  sensory  conductors  ran  in  the  columns  of  GoU  (Flechsig)-     The  i 
of  Goll^  however,  exist  only  in  the  cervical  and  dorsal  regions. 

The  sensory  conductors  do  not  decussate  at  any  particular  point  as  do  tb 
motor  conductors  in  the  crossed  p\Tamidal  tracts.  The  fibres  from  the  peg- 
terior  roots  of  the  spinal  nerves  pass  to  the  sensory  cells  of  the  |iQ0teiweiur> 
nua  and  decussate  throughout  the  entire  length  of  the  cord  (Brovfi*S^<|iiinJ|, 
If  the  cord  be  divided  longitudinally  in  tlie  median  line,  there  is  oonpktp 
paralysis  of  sensation  on  lx»th  sides  in  all  parts  below  the  section  (F(^r2i 
1822,  and  Brown-Sequard).  In  tins  section,  the  only  fibres  that  an?  *iirid«i 
are  those  passing  from  one  side  of  the  cord  to  the  other.  Thi^  ihrtisatjottt 
is  by  fibres  prolonged  from  the  cells  of  the  posterior  comua,  which  m»©  in 
the  gray  commissure,  around  the  central  canal. 

When  one  lateral  half  of  the  cord  is  divided  in  a  living  animal,  senidbtl^ 
ity  is  impaired  or  lost  on  the  opposite  side  of  the  body,  below  the  eecuoii, 
but  there  is  h}'pera?sthesia  on  the  side  cx>rresponding  to  the  section.  T\t 
exaggeration  of  sensibility  has  not  been  satisfactorily  explained. 

Relations  of  the  Posterior   White  Columns  of  t/t^  Cord  to  J/' 
ordination. — It  was  noticed  by  Todd,  many  years  ago  (1831>-184:  , 
of  that  peculiar  form  of  muscular  inco-ordination  now  known  as  lui  : 
ataxia^  that  the  posterior  white  columns  of  the  cord  were  diseases!     ^ 
ing  from  this  fact,  Todd  made  the  following  statement  with  n  _ 
office  of  these  columns: 

"  1  have  long  been  impressed  with  the  opinion^  that  the  office  of  iL^  \- 
terior  columns  of  the  spinal  cord  is  very  different  from  any  yet  assigned  ^ 
them.  They  may  be  in  part  commissural  between  the  several  itftginflirtitl 
the  cord,  sen  ing  to  unite  them  and  harmonize  them  in  their  variooi  aettooi^ 
and  in  part  subservient  to  the  function  of  the  cerebellum  in  regubtiiig  ittl 
co-oniinating  the  movements  necessary  for  perfect  locomotion." 

The  view  thus  early  advanced  by  Todd  has  been  sustained  by  the  reiiiltt 
of  experiments  on  living  animals.  If  the  posterior  columns  be  eomplrtflT 
divided,  by  two  or  three  sections  made  at  intervals  of  about  three-fooitfai el 
an  inch  to  an  inch  and  a  quarter  (20  to  30  mm.),  the  most  promtniml  tflbet 
is  a  remarkable  trouble  in  locomotion,  consisting  in  a  want  of  propetr  orMrnli- 
nation  of  movements  (Vulpian).  Experiments  upon  the  dl^erent  ooluuif 
of  the  cord  in  living  animals^  however,  are  so  difficult  that  physiologiiti  httn 
preferred  to  take  the  observiUions  in  cases  of  disease  in  the  humjui  Bitbj«et  ii 
the  basis  of  their  ideas  with  regard  to  the  office  of  the  posterior  whlt« 
umns. 

The  characteristic  phenomenon  of  locomotor  ataxia  is  inability  to  i 
nate  muscular  movements,  particularly  those  of  the  extremities;.  Tbm^l 
not  of  necessity  any  impairment  of  actual  muscular  power ;  and  mllbomgil 
pain  and  more  or  less  disturbance  oi  sensibility  are  usual,  tbest  cooditiaBi 
are  not  absolutely  invariable  and  they  are  always  coincident  wtth  dtnMfrof 
eensory  conductors.  The  chararterijstic  pathological  condittoxi  ia  diflBtM  of 
the  posterior  white  columns  (columns  of  Burdach).  This  is  nsuallj  follomi 
by  or  is  co-existent  with  disease  of  the  (>osterior  roots  of  the  spioaal  iiuiK 
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and  disease  of  the  cells  of  the  posterior  gray  matter  of  the  cord.  As  the 
cells  are  affected,  there  follows  ascending  secondary  degeneration  of  the  col- 
nmns  of  GoU.  It  is  fair  to  assume  that  the  disease  of  the  cells  of  the  gray 
matter  of  the  cord  and  of  the  posterior  roots  of  the  spinal  nerves  is  con- 
nected with  the  disorders  of  general  sensibility.  The  disease  of  the  columns 
of  Burdach  produces  the  disorder  in  movements. 

Reasoning  from  the  characteristic  phenomena  and  the  essential  patholog- 
iojd  conditions  of  the  cord  in  typical  cases  of  locomotor  ataxia,  the  posterior 
•white  columns  of  the  cord,  connecting  cells  of  the  gray  matter  in  different 
planes  with  eacli  other,  assist  in  regulating  and  co-ordinating  the  voluntary 
movements.  The  fibres  of  these  columns  also  connect  the  cord  with  the 
cerebellum,  which  has  an  important  office  in  muscular  co-ordination.  It  is 
probable  that  the  appreciation  of  the  muscular  sense  and  the  sense  of  press- 
ure, if  these  can  be  separated  from  what  is  known  as  general  sensibility, 
are  connected  with  the  action  of  the  fibres  of  the  posterior  white  columns. 

Nerve-Centres  in  the  Spinal  Cord. 

It  has  long  been  known  that  decapitation  of  animals  does  not  arrest  mus- 
cular action ;  and  the  movements  observed  after  this  mutilation  present  a 
certain  degree  of  regularity  and  have  been  shown  to  be  in  accordance  with 
well  defined  laws.  Under  these  conditions,  the  regulation  of  such  move- 
ments is  effected  through  the  spinal  cord  and  the  spinal  nerves.  If  an  ani- 
mal be  decapitated,  leaving  only  the  cord  and  its  nerves,  there  is  no  sensa- 
tion, foi  the  parts  capable  of  appreciating  sensation  are  absent ;  nor  are 
there  any  true  voluntary  movements,  as  the  organ  of  the  will  is  destroyed. 
Still,  in  decapitated  animals,  the  sensory  nerves  are  for  a  time  capable  of 
conducting  impressions,  and  the  motor  nerves  can  transmit  a  stimulus  to  the 
muscles ;  but  the  only  part  capable  of  receiving  an  impression  or  of  generat- 
ing a  motor  impulse  is  the  gray  matter  of  the  cord.  If  in  addition  to  the 
removal  of  all  of  the  encephalic  ganglia,  the  cord  itself  be  destroyed,  all  nms- 
cular  movements  are  abolished,  except  as  they  may  be  produced  by  direct 
stimulation  of  the  muscular  tissue  or  of  individual  motor  nerves. 

The  gray  matter  of  the  brain  and  spinal  cord  is  a  connected  chain  of 
ganglia,  capable  of  receiving  impressions  through  the  sensory  nerves  and  of 
generating  motor  impulses.  The  cerebro-spinal  axis,  taken  as  a  whole,  has 
this  general  office ;  but  some  parts  have  separate  and  distinct  properties  and 
can  act  independently  of  the  others.  The  coixl,  acting  as  a  conductor,  con- 
nects the  brain  with  the  parts  to  which  the  spinal  nerves  are  distributed.  If 
the  cord  be  separated  from  the  brain  in  a  living  animal,  it  may  act  as  a  cen- 
tre, independently  of  the  brain ;  but  the  encephalon  has  no  communication 
with  the  parts  supplied  with  nerves  from  the  cord,  and  it  can  act  only  upon 
the  parts  which  receive  nerves  from  the  brain  itself. 

When  the  cord  is  separated  from  the  encephalon,  an  impression  made 
upon  the  general  sensory  nerves  is  conveyed  to  its  gmy  substance,  and  this 
gives  rise  to  a  stimulus,  which  is  transmitted  to  the  voluntary  muscles,  pro- 
ducing certain  movements,  independently  of  sensiition  and  volition.     This 
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impression  is  said  to  be  reflected  back  from  the  oorcl  through  the 
nerves ;  and  tJie  movements  occurring  under  these  conditions  are 
reflex.     As  they  are  movements  excited  by  stimulation  of  sensorj*  iinrec 
they  are  sometimes  called  excito-motor. 

The  term  reflex,  as  it  is  now  generally  understood  by  pbysiologistai  qhiv 
properly  be  applied  to  any  generation  of  nerve-force  wbich  occurs  aa  a  wj«. 
sequence  of  an  impression  received  by  a  nerve-centre ;  and  it  is  endeniihai 
reflex  phenomena  are  by  no  meang  confined  to  the  action  of  the  spinal  canl, 
The  movements  of  the  ins  are  reflex,  and  yet  they  take  place  in  manj  in- 
stanced without  the  intervention  of  the  cord.  Movements  of  the  iniMinii 
and  of  the  involuntary  muscles  generally  are  reflex,  and  they  intolve  the 
action  of  the  sympathetic  system  of  nerves.  Impressions  made  apim  the 
nerves  of  special  sense,  as  those  of  smelK  sight,  hearing  etc,  give  rise  tixrr- 
tain  trains  of  thought.  These  involve  the  action  of  the  brain,  but  still  they 
are  reflex.  In  this  last  example  of  reflex  action,  it  is  sometimes  difficolt  U 
connect  the  operations  of  the  mind  with  external  impressions  as  an  exdriof 
cause ;  but  it  is  evident^  from  a  little  reflection,  that  this  is  often  the  aimf* 

Bf'Jle;r  Art  inn  nf  the  Spinal  CoriL — Simple  reflex  action  involvi*  tJv 
existence  of  an  afferent  (sensory)  nerve,  a  collection  of  nerve-cell*,  and  an 
efferent  (motor)  nerve,  the  nerves  being  connected  with  the  nerre-celk  In 
a  decapitated  animal,  not  only  are  the  movements  independent  of  aetisatkm 
and  volition,  but  no  movements  occur  if  the  sensory  nerves  be  protect^ 
from  any  kind  of  impression  or  stimulation  (Marshall  HalL,  \^t  and  \^\ 
If  the  cord  be  destroyed,  however,  no  movements  follow  stimulation  of  the 
surface;  and  if  either  the  afferent  and  the  efferent  nerves  be  divided, no 
reflex  movements  can  take  place.  Experiments  upon  decapitated  auinuii 
are  in  accord  with  the  results  of  observations  upon  acephalous  fii»tuses  aad 
in  cases  of  complete  paraplegia  from  injury  to  the  cord. 

In  the  simplest  form  of  a  reflex  movement,  the  muscular  contnurtion  ia 
confined  to  the  muscle  or  muscles  which  corresjjond,  in  their  nervous  suppW, 
to  the  afferent  nerve  stimulated  ;  but  when  the  stimulus  is  sufficiently  pi>Wit- 
ful  or  when  the  coi'd  is  in  a  condition  of  exalted  excitability,  the  imprrosio 
is  disseminated  throughout  the  gray  matter,  and  the  entire  muscular  ^^*m 
may  be  thrown  into  action*     With  feebler  stimulation,  one  side  only  of  thr 
muscular  system  may  respond.     When  the  reaction  extends  to  the  o] 
side,  it  is  callal  crossed  reflex*     The  extension  of  a  stimulus  i-Min>n 
single  afferent  nerve  throughout  the  cord  is  called  irradiation. 

When  H  feeble  stimulus  applied  to  an  afferent  nerve  is  repeated  Ireqi 
and  at  short  intervals,  general  muscular  movements  are  produced.     Thia 
lows  stimuli  applied  three  times  in  a  second,  and  the  effect  is  increased  up 
to  sixteen  shocks  in  a  second,  but  not  beyond  this  number  (Rosenthal)* 

In  studying  the  paths  of  conduction  in  the  cord  it  has  been  seen 
sensory  conduction  takes  place  through  the  gray  matter  and  possibly  thrcKii 
the  columns  of  (roll,  that  motor  impulses  are  conducted  by  the  direct 
the  crossed  pyramiilal  trac^ts,  and  that  the  columns  of  Burdach  are  coniieclid 
with  muscnlar  co-ordination.    The  fibres  of  the  cord  that  are  specmtly  oott- 
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with  reflect  action  are  probably  in  the  anterior  fimdameiital  fasciculi, 
be  anterior  mdicuhir  zones  and  tlu'  mixed  lateral  columns. 

It  is  well  known  that  the  reflex  excitability  of  the  cord  is  exaggerated  by 
loval  of  the  encephalon*  According  to  Set^chenow  (1803),  certain  paiis 
In  the  encephalon,  particularly  the  optic  lobes  in  frogs,  exert  an  inhibitory 
influence  over  the  reflex  acts  of  the  cord,  and  as  a  consequence,  the  reflex 
phenomena  are  more  marked  when  this  influence  is  suppressed. 

tVaricHis  poisons,  especially  strvclmine,  have  a  remarkable  influence  over 
flex  excitability.     In  a  frog  decapitated  and  poisoned  with  strychnine,  no 

reflex  movements  occur  unless  an  impression  be  made  on 

the  sensory  nerves ;  but  the  slightest  irritatiou,  such  as  a 

breath  of  air,  throws  the  entire  muscular  system  into  a 

condition  of  violent  tetanic  spasm*     The  same  phenome- 

ma.  are  observed  in  cases  of  poisoning  by  strychnine  or 

■f  tetanus  in  the  human  subject. 

■     The  inhalation  of  anaesthetic  agents  may  abolish  all 

%f  the  ordinary  reflex  phenomena.  Whether  this  be  due 
to  an  action  upon  the  cord  itself  or  to  a  paralysis  of  the 
8ens4)ry  nerves,  it  is  diflicmlt  to  determine.     Ordinarily, 

M  animals  rendered  insensible  by  ana?sthetics,  the  move- 

pients  of  respiration  continue;  but  these  also  may  be 
arrested,  m  hixs  been  observed  l>y  all  who  have  experi- 
mented with  anaesthetics,  especially  with  chloroform.  A 
common  way  of  determining  that  an  animal  is  complete- 
ly under  the  influence  of  an  aniesthetie  is  by  noting  an 
aljsence  of  the  reflex  act  of  closing  the  eyelids  when  the 
cornea  is  touched. 

t      It  is  only  necessary,  after  what  has  gone  before,  to  in- 

piieato  in  a  general  way  certiiiu  plienoraena  observed  in 
the  human  subject  which  illustrate  the  reflex  action  of 
the  c^rd.  It  is  a  common  observation,  in  cases  of  para- 
plegia in  which  the  lower  portion  of  the  cord  is  intact, 
that  movements  of  the  limbsi  follow  titillation  of  the  soles 
of  the  feet,  these  movemeuts  tiiking  place  iudepeudently 
of  the  consciousness  or  the  will  of  the  subject  exjieri- 
mented  upon.  Acephalous  fa^tuses  will  present  general 
reflex  movements  and  movement.s  of  respiration,  and  will 
even  suck  when  the  finger  is  introduced  into  the  mouth.  Observations  of 
this  kind  are  so  familiar  that  they  need  not  be  cited  in  detail.  Experiments 
have  also  been  made  upon  criminals  after  decapitiition ;  and  although  the  re- 
flex phenomena  are  not  so  well  marked  and  can  not  be  excited  so  long  after 
leath  a«  in  cold-blooded  animals,  they  are  sufficiently  distinct. 

General  muscular  spasms  following  stimulation  of  sensory  nerves  are 

^thological  and  take  place  only  when  the  reflex  excitability  of  the  cord  is 

inch  exaggerated.     Examples  of  this  action  are  the  spasms  observed  in  t^ta- 

or  in  poisoning  by  strychnine.     In  experiments  on  the  lower  animals. 
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particularly  frogs,  co-ortlinate  reflex  movements  are  often  obaenred,  siidi  ai 
the  movements  of  jumping  or  swimming.     This  i^sometioies  called  porpoiiiv 
reflex  action^  as  the  movenients  seem  to  have  a  definite  purpose  or  object   Tb 
following  well  known  experiment  illustrates  a  co-ordinate,  or  purjKwirerete: 
Pfliiger  ( 1853)  removed  the  entire  encephalon  from  a  frog*  leaving  <n^j 
the  spinal  cord.     He  then  touched  the  surface  of  the  thigh,  over  the  mm 
condyle,  witli  acetic  acid*     The  animal  thereupon  rubbed  the  irritated  mi- 
face  with  the  foot  of  the  same  side,  apparently  appreciating  the  seat  of  tbe 
irritation,  and  endeavoring,  by  a  voluntary  effort,  to  remove  it.    The  foot  of 
this  side  was  then  amputated,  and  the  irritation  was  renewed  in  the 
place.     The  animal  made  an  ineffectual  effort  to  reach  the  spot  with  the 
amputated  member,  and  failing  in  this,  after  some  general  movements  «f 
the  limbs,  rubbed  the  spot  with  the  foot  of  the  opposite  side- 
It  has  been  thought  that  this  experiment  shows  a  persistence  of  eena* 
tion  and  the  power  of  voluntary  movements  after  removal  of  the  entire  en^ 
cephalon ;  but  it  must  be  remembered  that  the  cord  contains  celU  ooBO^'U'l 
together  by  fibres  probably  into  groups  which  corresiJond  to  sets  of  osicb 
concerned  in  co-ordinate  movements,  and  that  many  movements  set  in  iction 
by  an  effort  of  the  will  continue  in  an  automatic  manner,  as  the  prdmifT 
movements  of  progression*     It  is  more  reasonable  to  sup)K>8e  that  a  pErstn* 
ent  stimulation  of  the  surface,  such  as  is  produced  by  the  acdon  of  acetk 
acid  upon  the  skin  of  a  frog,  can  give  rise  to  co-ordinate  movemeata  of  • 
purely  reflex  character  than  to  assume  that  the  movements  in  Pfliiger'Bt^ 
peri  men  t  are  voluntary  efforts  to  remove  a  painful  impression.     It  h  certiia 
that  in  the  higher  classes  of  animaU  after  removal  of  the  encephalon,  in  fii- 
perimentson  decapitated  criminals  and  in  patients  suffering  from  parapkpi, 
there  is  no  evidence  of  true  sensation  or  volition  in  the  spinal  cord.     In  maa 
and  the  higher  animals,  all  muscular  movements  which  de[>end  solely  upon 
the  reflex  action  of  the  cord  must  be  regarded  as  automatic  and  entirely  tflF^| 
dependent  of  consciousness  and  of  the  will.  ^ 

Certain  reflex  movements  may  be  restrained  by  an  effort  of  the  will,  us  b 
well  known ;  provided,  always,  that  these  be  movements  that  can  be  exe- 
cuted by  voluntary  effort.  Nevertheless,  if  the  sensory  impression  be  fioffi- 
ciently  powerful  or  be  very  frequently  repeated,  it  is  often  impossible  u>  con- 
trol such  movements  by  the  will.  ^lovements  that  are  never  in  themjelTGt 
YoluntaiT,  such  as  the  ejaculation  of  semen,  when  excited  by  reflex 
can  not  be  restrained  by  a  voluntary  effort ;  while  the  reflex  act  of  cn>itght] 
for  example,  may  l>e  measurably  controlled.     It  is  hardly  i  tn  speik 

inhibition  of  the  reflexes,  in  the  sense  in  which  the  term  n  m  is  g«Dtf- 

ally  used  in  physiology,  for  the  reason  that  there  are  probubly  na  sprasl 
liibitory  nerves  for  these  movements. 

Various  reflexes  are  made  use  of  in  pathology  as  means  of  di 
The  superficial  reflexes  are  those  produced  by  tickling  the  mies  of  the  fleet 
or  by  exciting  other  ])arts  of  the  skin.     The  most  prominent  of  the  deep 
flexes  is  the  patellar  reflex,  or  the  knee-jerk,  produced  by  percussion  of 
ligamentum  patellar. 
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The  gray  matter  of  the  cord  is  not  a  single  centre,  but  consists  of  a  nnm- 
ber  of  centres  connected  with  each  other  and  with  the  brain.  Some  of  these 
have  already  been  described  in  connection  with  the  history  of  yarions  physi- 
ological processes,  and  others  will  be  considered  hereafter  under  appropriate 
heads.  In  addition  to  those  already  described,  are  centres  for  defecation,  at 
the  fifth  lumbar  yertebra  in  dogs  (Budge),  the  erection-centre,  in  the  lumbar 
region  (Eckhard),  and  the  parturition-centre  (Komer),  at  the  first  and  sec- 
ond lumbar  yertebrsd.  All  of  the  spinal  centres  act  in  accordance  with  the 
^neral  laws  of  refiex  phenomena. 


CHAPTER  XIX. 

THE  ENCEPHALIC  GANGLIA. 

Tliysiologlcal  diTisions  of  Uie  encephalon— Weights  of  the  encephalon  and  of  certain  of  its  parts— The 
cerebral  hemispheres— Cerebral  Convolutions— Basal  ganglia— Corpora  striata,  optic  thalami  and  inter- 
nal capeole— Tabercnlar  qnadrigemina— Pons  Varolii— Directions  of  the  fibres  in  the  cerebnim— Cere- 
bral localisation— General  nses  of  the  cerebnim— Extirpation  of  the  cerebmm— Facial  angle— Pathologi- 
cal obeerrations— Reaction-time— Centre  for  the  expression  of  ideas  in  language— The  cerebellum- 
Physiological  anatomy— Extirpation  of  the  cerebellum— Pathological  observations— Connection  of  the 
cerebellum  with  the  generative  function— Medulla  oblongata  (Bulb)— Physiological  anatomy— Uses  of 
the  medolla  oblongata— Respiratory  nerve-centre— Cardiac  centres— Vital  point  (so  called)— Rolling  and 
taming  movements  following  injury  of  certain  parts  of  the  encephalon. 

The  encephalic  ganglia  are  collections  of  gray  matter  found  in  the  en- 
cephalon, or  what  is  commonly  known  as  the  brain.  This  part  of  the  cerebro- 
spinal axis  is  situated  in  the  cranial  cavity.  It  is  provided  with  membranes, 
which  are  similar  to  the  membranes  of  the  spinal  cord  and  have  been  de- 
scribed in  connection  with  the  cord  and  the  general  arrangement  of  the  cere- 
bro-spinal  axis.  The  gross  anatomical  divisions  of  the  encephalon  are  the 
cerebrum,  cerebellum,  pons  Varolii  and  medulla  oblongata.  As  regards  their 
physiological  uses,  the  cerebellum,  pons  and  medulla  are  to  a  certain  extent 
subordinate  to  the  cerebrum.  In  treating  of  the  physiology  of  these  parts, 
it  will  be  convenient  to  take  up  first  the  cerebrum,  or  the  cerebral  hemi- 
spheres, with  their  anatomical  and  physiological  connections  and  their  rela- 
tions to  the  other  parts  of  the  encephalon. 

All  parts  of  the  encephalon  which  act  as  nerve-centres  are  more  or  less 
intimately  connected  with  each  other  anatomically,  and  are  finally  connected, 
through  the  medulla  oblongata,  with  the  spinal  cord.  The  exceptions  to  this 
rule  are  the  centres  of  olfaction,  vision,  audition  and  gustation,  which  will 
be  considered  fully  in  connection  with  the  physiology  of  the  special  senses. 
The  spinal  cord,  as  has  been  seen,  is  capable  of  independent  action  as  a 
nerve-centre  or  collection  of  nerve-centres,  also  serving  as  a  means  of  connec- 
tion between  the  brain  and  the  parts,  through  the  spinal  nerves.  The  motor 
and  sensory  cranial  nerves  are  directly  connected  with  the  encephalon. 

A  detailed  anatomical  description  of  the  brain  would  be  out  of  place  in 
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this  work,  as  there  are  many  auatoniical  parts,  the  eicact  physiologicj 
tions  of  which  are  not  understood  ;  still,  there  are  eertain  parts  wbioli  wiD 
be  referred  to  by  name,  a  general  knowledge  of  the  arrangemefnt  of  wbjrij 
is  necessary.     The  general  relations  of  these  parts  are  shown  in  Fig,  tlS 
slightly  reduced  and  madified,  from  IIarri8*iu  Allen,  which  represents  a  f^r* 
tical  longitudinal  isectioii  of  tlie  brain,  in  the  median  line. 

As  bearing  npon  certain  points  in  the  physiology  of  the  brain,  it  is  i 
portant  to  note  the  weight  of  the  entire  eneephalon  and  of  its  great  dii 
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Weif/hts  of  the  Eticepkahn  and  of  Certain  of  its  Part^. — Most  of 

tables  of  weights  of  the  healthy  adult  bniin  of  the  Caucasian,  given  by  dil 
ent  observers,  give  ei^sentially  the  same  tigures,  the  differences  amoonti 
to  only  one  or  two  ounces  ('28*3  or  56*7  gramraes)  for  the  entire  ene 
Ion,  The  avenige  weiglit  given  by  Quain,  comVnning  the  tables  of  Sin 
Clemlinning,  and  Reid,  is  4^4  ounces  (1,408*3  gramme^*)  for  the  male,  and  i 
ounces  (1,247*4  grammes)  for  the  female.  The  number  of  male  br 
weighed  was  '278,  and  of  female  brains,  19L  In  males  the  minimum  wei^ 
was  34  ounces  (yfj3^U  grammes),  and  the  maximum,  05  ounces  (1, 
grammes).  In  170  cases  out  of  the  5278,  the  weights  ranged  between  4<) 
53  ounces  (1,304*1  and  1,502*5  grammes),  which  may  be  taken  aathej 
limits.  In  females  the  minimum  was  31  ounces  (878-8  gnunme^),  an«l 
the  maximum,  50  ounces  (1,587-6  grammes).  In  1*^5  cases  out  of  the  IM, 
the  weights  ranged  l>etween  41  and  47  ounces  (1,1G*2*3  and  1,332'4  grammee). 
Quain  assumed,  from  various  researches,  tliat  in  new-born  infants,  ihi 
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brain  weighs  11'65  oances  (327-8  grammes),  for  the  male,  and  10  ounces 
(283*5  grammes),  for  the  female.  In  both  sexes,  "  the  weight  of  the  brain 
generally  increases  rapidly  up  to  the  seventh  year,  then  more  slowly  to  be- 
tween sixteen  and  twenty,  and  again  more  slowly  to  between  thirty-one  and 
forty,  at  which  time  it  reaches  its  maximum  point.  Beyond  that  period, 
there  appears  a  slow  but  progressive  diminution  in  weight  of  about  one 
ounce  (28*3  grammes)  during  each  subsequent  decennial  period ;  thus  con- 
firming the  opinion,  that  the  brain  diminishes  in  advanced  life." 

The  comparative  weights  of  the  several  parts  of  the  encephalon,  calcu- 
lated by  Reid  from  "observations  upon  the  brains  of  fifty-three  males  and 
thirty-four  females  between  the  ages  of  twenty-five  and  fifty-five,  are  as  fol- 
lows : 


Division*  of  the  encephalon. 


Average  weif^ht  of  the  cerebrum 
Average  weight  of    the  cere- 

belium 

Average  weight  of  the  pons  and 

mecmlla  oblongata 


Average  weight  of  the  en- 
tire encepkuilon 


Males. 


Females. 


43-98  oz.  (1,247-3  grammes). 
5-25  "  (148-8  grammes). 
0-98  ^        (28-2  grammes). 


50-21  oz.  (1,423-5  grammes). 


38-75  oz.  (1,098-6  grammes). 
4-70  "  (134-9  grammes). 
1-01  "        (28-0  grammes). 


44-52  oz.  (1,262-1  grammes). 


The  proportionate  weight  of  the  cerebellum  to  that  of  the  cerebrum,  in 
the  male,  is  as  1  to  Bf,  and  in  the  female,  as  1  to  8^  (Quain). 

The  specific  gravity  of  the  whole  encephalon  is  about  103G,  that  of  the 
gray  matter  being  1034,  and  of  the  white,  1040  (Quain). 

The  Cerebral  Hemispheres. 

Cortical  Substance, — The  surface  of  the  cerebral  hemispheres  is  marked 
by  fissures  and  convolutions,  which,  serve  to  increase  the  extent  of  the  gray 
substance.  The  sulci  between  the  convolutions  vary  in  depth  in  different 
parts,  the  average  depth  being  about  an  inch  (25*4  mm.).  The  gray  mat- 
ter, which  is  external  and  follows  the  convolutions,  is  ^ly  to  ^  of  an  inch 
(2*1  to  3-2  mm.)  in  thickness.  Anatomists  have  described  this  substance  as 
existing  in  several  layers,  but  this  division  is  mainly  artificial.  In  certain 
parts,  however,  particularly  in  the  posterior  portion  of  the  cerebrum,  the 
gray  substance  is  quite  distinctly  divided  into  two  layers,  by  a  very  delicate, 
intermediate  layer  of  a  whitish  color. 

There  is  a  marked  difference  in  the  appearance  of  the  cells  in  the  most 
superficial  and  in  the  deepest  portions  of  the  gray  substance.  The  super- 
ficial cells  are  small  and  present  a  net-work  of  delicate,  anastomosing  fibres. 
The  deepest  cells  are  much  larger.  Between  these  two  extremes,  in  the 
intermediate  layers,  there  is  a  gradual  transition  in  the  size  of  the  cells. 
Fig.  220  shows  the  layers  of  cells  in  a  vertical  section  of  a  cerebral  convolu- 
tion. The  most  superficial  layer  is  very  thin.  It  contains  much  neuroglia 
and  a  fine  net-work  of  fibrils,  with  a  few  small  nerve-cells.  The  second  layer 
presents  a  large  number  of  small,  so-called  pyramidal  cells.     The  third  layer 
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Shaped  cells  ;  h,  white  subetauce. 


is   the   thickest   of  all  iinil  conti 
large,  pyramidal  cells,  which 
larger  in  its  deeper  portions, 
fourth  layer  con  tains  a  hu  l 
of  smaller  cells,  irregular  in 
with  branching  prolongations. 
fifth   layer  pre^nU  spindle  -  gbped  ^ 
cells  with  bmnehing   poles  aoil  thw 
layer  iB  just   above   the  white  rab-j 
stance.     The  pyramidal  cells 
a  long  process  above,  which  j« 
ward   the   surface,   lateral    branchei, 
which   form  a  plexus  of   fine  fibrils* 
and  an  unbranched  prcdongation  be* 
low,  which  passes  to  the  white  sub- 
stance, in  the  form  of  an  axi^TJin- 
der.    The  cells  vary  somewhat  in  their  I 
ap|>earances  in  different  parts  of  the 
brain.      The    largest   pyramidal  ctiU 
are  found  in  the  anterior  central  mn- 
volution,  in  the  upper  part  uf  tlu*  |h»p. 
terior  central  convolution  and  thepur- 
acentral  lobule.    Large  cells  with  ffff  1 
prolongations  are  found  in  the  post^*! 
rior  part  of  the  cM?cipital  lobca.    The* 
cells  in  this  part  are  connected  to- 
gether  by  communicating  ]>olefi.    Thij 
mode  of  connection  of  the  cells  wit] 
each  other  and  with  the  fibres  of  th 
whit^  substance  has  already  been  ik 
scribed  and  does  not  demand  fa 
mention* 

Cerebral  Convolutions. — The  cei^ 
brum   presents  a  great  longitnditi 
median  fissure  by  which  it  is  partia 
divided  into  two  lateral  halves.    Y\ 
22  If  which  is  based  on  the  well  knol 
diagram  of  the  brain,  by  Ecker.  sho 
three  great  fissures,  tlie  fissure  of  Sjl 
yius,  the  fissure  of  Rolando  and 
parieto-occipital  fissure.     The  lobei^ 
the  cerebrum  are  (V)  the  frontal  lo 
lying  in  front  of  and  above  the  fissare 
of  Sylvius  and  in  front  of  the  lis 
of  Rolando,  (2)  the  parietal 
bind  the  frontal  lobe  and  in 
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id  above  the  occipital  lobe,  (3)  the  occipital  lobe,  and  (4)  the  temporo- 
thenoidal  lobe.    The  parietal  lobe  is  bounded  in  front  by  the  fissure  of 


Fn.  2tl,—Diaffram  of  the  external  mrfcux  of  the  left  cerebral  tiemi^here  (modified  from  Ecker). 

>lando  and  below  by  the  fissure  of  Sylvius  and  the  parieto-occipital  fissure 
bown  in  Fig.  222).    The  occipital  lobe  lies  below  the  parieto-occipital  fis- 


l—Dioffram  of  ttie  internal  surface  of  the  right  cerebral  hemvtphere,  ahouon  in  a  longitudinai 
Mection  in  the  median  line  (modified  from  Ecker). 
40 
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sure.    The  teraporo-sphenoidal  lobe  is  dtoated  below  the  fissare  of  Sfltij 
and  in  front  of  the  oc<:'ipital  lobe. 

While  the  convolutions  are  not  exactly  the  sarae  in  all  haman  bmina,  { 
even  in  both  sides  of  the  brain,  their  arrangement  and  relations  aay  1 
described  in  a  general  way  with  sufficient  accuracy  to  enable  one  to  reeognii 
easDy  the  most  important  physiological  points  in  the  descriptive  anatomj< 
the  cerebral  surface.     The  diagranunatic  Figs.  221  and  ti:i  give  a  genenJ 
view  of  the  fissures  and  of  the  most  important  convolutions. 

The  first  frontal  convolution  is  bounded  internally  by  the  great  longl 
tudinal  fissure  and  externally  by  a  shallow  fissure  neai*ly  parallel  to  the  long: 
tudinal  fissure.     The  se<:'ond  frontal  convolution  lies  next  the  first  tnmii 
convolution,  and  is  bounded  externally  by  two  shallow  fissures  lying  in  froa 
of  the  fissure  of  Sylvius.     The  thli-d  frontal  convolution  curves  around  tli 
short  branch  of  the  fissure  of  Sylvius.     On  either  side  of  the  fissuie  of 
land 0 J  are  the  anterior  central  convolution  and  the  posterior  central  contola 
tion.     Curving  aroujul  tlic  posterior  extremity' of  the  fissure  of  Sylnn^iil 
the  supramarginal  convolution,  which  is  continuous  with  the  first  temp 
convolution,  the  latter  lying  behind  and  parallel  with  the  fissure  of  Syltiai 
Internal  to  the  posterior  portion  of  the  parieto-occipital  fissure,  is  the  am 
convolution,  which  is  continuous  with  the  second  temporal  convolution, 
the  inferior  border  of  the  temporo-sphenoidal  lobe,  below  the  first  and  iecoiwl 
temporal  convolutions,  is  the  third  temporal  convolution.    The  superior  pari* 
etal  convolution  lie^s  by  the  side  of  the  median  figure  and  is  the  posterior 
continuation  of  the  first  frontal  convolution.     The  situation  of  the  occipiti 
convolutions  is  indicated  in  Fig.  221.     In  addition  to  these  convolat 
upon  the  geneml  surface  of  the  cerebrum,  there  are  convolutions  on  the  i 

ce  of  the  base  of  the  bruin  and  in  the  gray  matter  of  the  sides  of  th<*  ^n^ 
longitudinal  fissure.     lu  the  fissure  of  Sylvius,  near  its  ascending  bnm<:^ 
between  the  anterior  and  the  posterior  lobes  of  the  brain  and  beneath 
third  frontal  convolution,  is  a  group  of  convolutions  constituting  the  i 
of  Heil. 

Fig.  222  shows  the  most  important  parts  observed  on  the  inner  sorfitft 
of  tlie  right  hemisphere.  These  parts  do  not  demand  any  explanation  beyond 
that  given  in  the  diagram  it^^elf. 

Basal  Ganglia. — The  ganglia  at  the  base  of  the  brain  are  the  olfactoft 
gangliii,  the  corpora  striata,  optic  tlxalami,  tubercula  quadrigemina  and 
gray  matter  of  the  pons  varolii.     The  olfactory  ganglia  will  be  descrilieil 
connection  with  the  physiology  of  tlie  sense  of  smell.     The  t*orponi  i 
ami  the  optic  thalami  are  important  in  their  relations  to  the  internal  • 
and  the  paths  of  motor  and  sensory  conduction^ 

Corpora  ^friala^  Optic  Thalami  and  Internal  Capsule. — ^The  cor 
striata  are  i>ear-shai>ed  bodies,  situated  at  the  base  of  the  brain,  with 
rounded  btuscs  flireeted  forward,  and  the  narrower  ends,  backward  and 
ward.     Their  external  surface  is  gray,  and  they  present,  on  section,  alt 
striae  of  white  and  gray  matter.     Between  the  posterior  and  narrow  ext 
ties  of  these  boilies,  are  the  optic  thaknii.     The  corpora  striata  have  wltaif 
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calletl  an  intraventricular  portion,  projecting  into  the  anterior  part  of  tlie 
lateral  ventricles,  and  an  extraventricular  portion,  which  is  embedded  in  the 
white  substance  at  the  base  of  the  brain. 

The  optic  thalami  are  oblong  bo<iies  situated  between  the  posterior  ex- 
tremities  of  the  corpora  striata  and  resting  upon  the  crura  cerebri  on  the  two 
sides.  These  are  white  externally,  and  in  their  interior  they  present  a  mixt- 
ure of  white  and  gray  matter. 

If  a  horizontal  section  be  made  through  the  brain,  involving  the  corpora 
striata  and  the  optic  thalami,  the  eor|Mjra  i*triata  present  a  division  into  two 
nuclei.    These  are  the 
caudate  nucleus,  whicli  1 

is    internal,    auil    the  ^_  -^  .-  ' ^^^ 

lenticular  ntielcus, 
which  is  external  to 
and  beliiud  the  cau- 
date nucleus*  Exter- 
nal to  the  lenticular 
nucleus,  is  a  band  of 
white  substance,  cullcil 
the  external  capsule,  in 
which  there  is  a  band 
of  gray  matter,  called 
the  clauatrum.  Exter- 
nal to  the  external  caji- 
sale,,  at  it^  anterior 
portion,  h  the  insula, 
or  iiiland  of  ReiL 

Between  the  can- 
date  nucleus  and  the 
lenticular  nucleus  in 
front,  u  a  brotid  band 
of  white  fibres,  which 
is  continuous  witli  a 
hand  of  white  tibres 
lying  posteriorly,  be- 
tween the  lenticular 
naclens  and  the  optic 
thalamus  on  either 
side.  This  band  is  the 
internal  capsule.  The 
portion  of  the  internal 
capsule  which  lies  between  the  caudate  nucleus  and  the  lenticidar  nucleus  is 
called  it*  anterior  divi.sion.  The  portion  of  the  internal  ca])sulo  situated 
between  the  lenticular  nucleus  and  the  optic  thalamus  is  its  poi^terinr  divi,^ 
ion.  The  bend  where  the  p*)sterior  division  of  the  internal  cai>sulo  joins  the 
anterior  division  is  called  the  knee  of  the  capsule. 
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Fio.  iXL—H&riMontat  mfcti<m  of  thr  hrtnimhetet,  at  the  tewt  of  the  cere 

1,  great  toDgKudinal  fiasun*  betfrwn  thi*  frontal  lobw* ;  2.  if reat  lonj 
"^  "*~   I  flivnir*))  h«^we*'ii  tlie  oeolpitftl  IoIm«  ;  3,  ftnt4*rior  part 


tudiiud  I 

ta:  <t,  ^ 
of  tht 


lon^t- 
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I,  ftsstjre  of  Sylvius  ;  5,  ixjiivoluljrifw  of  rlu'  iwsit- 
ioiis  of  the  ctirpus  Ktriatani ;  7,  Ir'ntitular  itucleuA 
dutn  ;  R  optic  thalamus ;  0,  intemal  caimule ;  1^ 

II,  ch&ufitruiD. 
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TiQ.  ^Sa.—Diagram  of  the  human  brain  in  a  transver^t  veriictui  tpctiun 

1,  poms  ViuH)]ii ;  2;,  2^  crura  cerebri :  S,  3,  intemAl  Gapmle  :  4,  4,  carona 
r&diota;  5,  optic  UukUunus ;  t^  lenticular  nucleus;  7,  corptiB  cal- 
kjifum. 


The  directions  of  the  fibres  of  the  internal  capsule  are  in  general  terms  i 
following:  Fibres  from  the  crura  cerebri  go  directly  into  the  ooqiom  i 

in  front  and  into  t]| 
optic  thalami  k^hin 
Thijs  is  the  qout^  { 
the    greater  part 
the   fibn?8,  bat  ma 
fibres      go     ilirectlf^ 
through  the  inienial 
le,   and   thena 
gmy  niHlitf  < 
rebral  contqln 

M<l*Ft     of 

ill.-,  however,  vhidl 
form  the  internal  cap 
side,  come  from  tb 
gray  matter  of 
r(ir]>ora  striata 
optic  thalami  ifid 
curre  outward  m\ 
upM'ard  t-o  p)  to 
gray  matter  of  \h 
hemispheres.  Aa^t 
pass  from  the  internal  capsule  to  the  internal  surface  of  the  oerebnd  mm 
lutions,  they  form  the  corona  radiata. 

In  the  human  subject,  lesions  affecting  the  anterior  two-thirds  of  the  1 
terior  division  of  the  internal  capsule  proiluce  paralysis  of  motion  only,! 
are  followed  bv  descending  degenerations.     The  fibres  in  tluj*  j^rt  arc  cm 
neot^d  with  the  corpora  striata.     Lesions  affecting  both  the  anterior 
thirds  and  the  posterior  third  of  the  posterior  division  of  the  internal  i 
proiluce  paralysis  of  motion  ami  sensation.     The  fibres  in  the  posterior  I 
are  connected  with  the  optic  thalami.     Ascending  degenerations  have 
been  observed  in  the  fibres  of  the  cerebrum. 

Tnl>ercula   Quadriijemimi.  —  These   little   bodies,  sometimes  calM 
optic  lobes,  are  rounded  eminences,  two  upon  either  side,  situateci  just  1k»1 
the  third  ventricle.     The  anterior,  called  the  nates,  are  the  larger.    Tb 
are  oblong,  and  of  a  grayish  color  externally.    The  posterior^  called  the  u^ 
are  situated  just  beluii<i  the  anterior.     They  are  rounded  and  are  nilby 
lighter  in  color  than  the  anterior.     Both  contain  gray  nervous  matti^r 
their  interior.     They  are  the  main  points  of  apparent  origin  of  th© 
nerves  and  are  connected  by  commissural  filires  with  the  optic  thalami. 
birds  the  tubercles  are  two  in  number,  instead  of  four,  and  are  called  tnl 
cula  bigemina.     The  auatomieal  and  physiological  relations  of  these 
will  be  fully  described  in  connection  with  the  sense  of  sight. 

Crura  Cenhru — The  crura  are  short,  thick,  rounded  bands  which 
from  the  cerebral  hemispheres  to  the  upper  border  of  the  pons  \\ 
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They  are  rather  broader  above  than  below  and  are  about  three-quarters  of  an 
inch  (19  mm.)  in  length.  They  are  composed  of  longitudinal  white  fibres 
connecting  various  parts  with  the  cerebrum.  Each  cms  is  divided  into  a 
superficial  and  a  deep  band^  by  a  layer  of  gray  substance  called  the  locus 
niger.  The  locus  niger  contains  small,  multipolar  nerve-cells  and  abundant 
pigmentary  granules.  The  lower,  or  superficial  band  of  the  cms  is  called 
the  crusta.  The  deep  band  is  called  the  tegmentum.  The  crusta  consists 
of  white  fibres  only.  In  the  tegmentum  the  fibres  are  mixed  with  masses 
of  gray  matter. 

Pons  Varolii. — The  pons  Varolii,  called  the  tuber  annulare  or  the  meso- 
cephalon,  is  situated  at  the  base  of  the  brain,  just  above  the  medulla  oblon- 
gata. It  is  white  externally  and  contains  in  its  interior  a  large  admixture 
of  gray  matter.  It  presents  both  transverse  and  longitudinal  white  fibres. 
Its  transverse  fibres  connect  the  two  halves  of  the  cerebellum.  Its  longi- 
tudinal fibres  are  connected  below  with  the  anterior  pyramidal  bodies  and 
the  olivary  bodies  of  the  medulla  oblongata,  the  lateral  columns  of  the 
cord  and  a  certain  portion  of  the  posterior  columns.  The  fibres  are  con- 
nected above  with  the  crura  cerebri  and  pass  to  the  brain.  The  super- 
ficial transverse  fibres  are  wanting  in  animals  in  wliich  the  cerebellum  has 
no  lateral  lobes. 

If  the  cerebral  hemispheres,  the  olfactory  ganglia,  the  optic  lobes,  the 
corpora  striata  and  the  optic  thalami  be  removed,  the  animal  loses  the  spe- 
cial senses  of  smell  and  sight  and  the  intellectual  faculties,  there  is  a  certain 
degree  of  enfeeblement  of  the  muscular  system,  but  voluntary  motion  and 
general  sensibility  are  retained.  As  far  as  voluntary  motion  is  concerned, 
an  animal  operated  upon  in  this  way  is  in  nearly  the  same  condition  as  one 
simply  deprived  of  the  cerebral  hemispheres.  There  are  no  voluntary  move- 
ments which  show  any  degree  of  intelligence,  but  the  animal  can  stand,  and 
various  consecutive  movements  are  executed,  which  are  different  from  the 
simple  reflex  acts  depending  exclusively  upon  the  spinal  cord.  The  co-ordi- 
nation of  movements  is  perfect,  unless  the  cerebellum  be  removed.  As  re- 
gards general  sensibility,  an  animal  deprived  of  all  the  encephalic  ganglia, 
except  the  pons  Varolii  and  the  medulla  oblongata,  undoubtedly  feels  pain. 
This  has  been  demonstrated  by  Longet,  Vulpian  and  others.  In  rabbits,  rats 
and  other  animals,  after  removal  of  the  cerebrum,  corpora  striata  and  optic 
thalami,  pinching  of  the  ear  or  foot  is  immediately  followed  by  prolonged 
and  plaintive  cries.  Both  Longet  and  Vulpian  have  insisted  upon  the  char- 
acter of  these  cries  as  indicating  the  actual  perception  of  painful  impressions, 
and  as  very  different  from  cries  that  are  purely  reflex,  according  to  the  ordi- 
nary acceptation  of  this  term.  Longet  alluded  to  the  voluntary  movements 
and  the  cries  observed  in  persons  subjected  to  painful  surgical  operations, 
when  incompletely  under  the  influence  of  an  anaesthetic,  concerning  the 
character  of  which  there  can  be  no  doubt.  He  regarded  the  movements  as 
voluntary,  and  the  cries  as  evidence  of  the  acute  perception  of  pain ;  but  it 
is  well  known  that  such  patients  have  no  recollection  of  any  painful  impres- 
sion, although  they  have  apparently  experienced  great  suffering.     As  far  as 
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can  be  judged  fram  what  is  positively  known  of  the  action  of  the  \ 
centres^  the  pain  under  these  conditions  is  perceived  by  s*>nie  ne 
probably  in  the  pons  Varolii,  but  the  impression  u  not  conveyed  to 
cerebrum  and  is  not  recorded  by  the  memory. 

Taking  all  the  experimental  facts  into  consideration,  the  following  SBcar ' 
to  be  the  moet  reasonable  view  with  regard  to  the  action  of  the  poM  Virolij 
as  a  nerve-centre : 

It  is  an  organ  ca|>able  of  originating  impulse  giving  rise  to  ToliiDtar^| 
movements,  when  the  cerebrum,  corpora  striata  and  the  optic  thalami  ba?e 
been  removed,  and  it  probably  regulates  the  automatic  voluntarj'  movemfnti 
of  station  and  progression.  Many  voluntary  movement^  the  result  of  intd- 
lectual  effort,  are  made  in  obedience  to  a  stimulus  transmitted  from  llit?  eerp- 
brum,  through  conducting  fibres  in  the  pons  Varolii,  to  the  motor  conduc-j 
tors  of  the  cord  and  the  general  motor  nerves. 

The  gray  matter  of  the  pons  Varolii  is  also  capable  of  i»erL*eiving  fmindJ 
impiH-ssions,  which,  wlien  all  of  the  encephalic  ganglia  are  pn^serve<l,  m 
conducted  to  and  are  perceived  by  the  cerebrum,  and  are  rememl>erwl ;  kt 
tliere  are  distinct  evidences  of  the  |>erception  of  pain,  even  when  the  certy 
brum  has  been  removed, 

Dtrectwns  of  the  Fibres  in  the  CVr^^rwm.— Fibres  pass  from  the  cerebral 
hemispheres  to  the  cerebellum.  Commissural  fibres  connect  the  LH?rebrnfli 
and  certain  of  the  basal  ganglia  on  the  two  sides.  Fibres  connect  thegnj 
matter  of  the  cerebral  convolutions"  on  the  same  side  with  each  other,  Fibi 
pass  from  the  inner  surface  of  the  gray  matter  of  the  cerebrum  to  the  ini 
nal  capsule,  corpora  striata,  optic  thalami  and  ])0U8  Varolii^to  the  medalk*)*) 
longata  and  thence  to  the  spinal  cxDrd.  The  dii*eetions  of  these  four  BfsU 
fibres  have  been  quite  accurately  described. 

L  Fibres  conneefifig  the  Cerebrum  with  the  CereMhtm,—(A)  Fibres!] 
the  gray  matter  of  the  frontal  lobe,  in  front  of  the  autcrif»r  ceniral  eonvnluti' 
pass  through  the  anterior  division  of  the  internal  capsule  and  thence  ihroi 
the  inner  portion  of  the  outer  layer  of  the  cms  cerebri  (crusta)  to  the 
Varolii,  where  they  seem  to  go  to  the  cells  of  the  gray  nuitter.     Fmm 
pons,  fibi-es  go  to  the  lateral  and  piisterior  regions  of  the  tnTeliellnm  an 
opposite  side.     This  connection,  therefore,  is  crossed.     (B)  FiVjres  from 
occipital  and  temporo-sphenoidal  loljes  of  the  cerebrum  ]>ass  in  th*- 
tion  of  the  crusta  and  go  to  the  upjier  jiortion  of  the  ccrebeHurn 
middle  lobe.     This  connection  is  probably  crossed.     (C)  Above  the  prranudal 
tract  of  the  crusta,  is  a  small  tract  of  fibres  which  connect  the  caudate 
cleus  of  the  corpus  striatum  with  the  cerebellum  (Gowers). 

^  Fibres  connect int/  the  Twit  Sidef^  of  the  Brain, — (A)  Fibres  coming  1 
the  inner  surface  of  the  gray  mattt^r  of  the  cerebral  convolutions  pass 
one  side  to  the  other,  through  the  corpus  callosum,  and  connect  the  two 
bnd  hemispheres  with  each  other.     These  are  the  transverse  fibres  of  tht 
corpus  callosum.     (B)  Fibres  from  the  gray  matter  of  the  tem[K>ro-gphenoii 
lobe  on  either  side  pass  tlirough  the  corpora  striata  tu  tlie  anterior 
issure.    These  fibres  connect  the  teraiK)ro-sphenoidal  lobes,  and  prol 
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also  the  corpora  striata,  on  the  two  sides.  (C)  Fibres  from  the  deeper  portion 
of  the  eras  cerebri  (tegmentnm)  pass  to  the  optic  thalamus  on  either  side  and 
thence  to  the  temporo-sphenoidal  lobes.  These  fibres  form  the  posterior  com-^ 
missnre  and  connect  the  temporo-sphenoidal  lobes  and  the  optic  thalami  of 
the  two  sides. 

3.  Fibres  connecting  Different  Cerebral  Convolutioiis  on  the  same  Side, — 
(A)  The  so-called  arcuate  fibres,  passing  in  a  curved  direction  from  one  con- 
volution to  another,  connect  adjacent  convolutions.  (B)  Other  fibres,  called 
longitudinal  or  collateral  fibres,  connect  distant  convolutions  with  each  other. 
The  fibres  of  the  fornix  connect  the  optic  thalamus  with  the  hippocampus 
major  and  the  unicate  gyrus.  Fibres  in  the  corpus  callosum  connect  the  an- 
terior and  posterior  extremities  of  the  gyrus  f  omicatus.  These  are  the  longi- 
tudinal fibres  of  the  corpus  callosum.  Other  longitudinal  fibres,  connecting 
parts  more  or  less  distant  from  each  other,  are  found  in  the  taenia  semicircu- 
laris,  the  unicate  fasciculus,  the  fillet  of  the  gyrus  fornicatus  and  the  inferior 
longitudinal  fasciculus.  The  last-mentioned  fasciculus  connects  the  gray 
matter  of  the  temporo-sphenoidal  and  occipital  lobes. 

4.  Fibres  connecting  the  Brain  with  the  Spinal  Cord. — If  these  fibres  be 
followed  from  the  cortex  of  the  brain  downward,  they  are  called  converg- 
ing, and  if  they  be  followed  from  below  upward,  they  are  called  radiating 
fibres. 

Arising  from  the  internal,  concave  surface  of  the  cortical  substance  of  the 
cerebrum,  the  converging  fibres,  at  first  running  side  by  side  with  the  curved, 
commissural  fibres,  separate  from  the  latter  as  they  curve  backward  to  pass 
again  to  the  cortical  substance,  and  are  directed  toward  the  corpora  striata 
and  the  optic  thalami.  The  limits  of  the  irregular  planes  of  separation  of 
the  commissural  and  the  converging  fibres  contribute  to  form  the  boundaries 
of  the  ventricular  cavities  of  the  brain.  In  studying  the  course  of  the  con- 
verging fibres  arising  from  all  points  in  the  concave  surface  of  the  cerebral 
gray  matter,  it  is  found  that  they  take  various  directions.  The  fibres  from 
the  anterior  region  of  the  cerebrum  pass  backward  and  form  distinct  fascic- 
uli which  converge  to  the  gray  substance  of  the  corpora  striata.  The  fibres 
from  the  middle  portion  converge  regularly  to  the  middle  region  of  the  ex- 
ternal portions  of  the  optic  thalami.  The  fibres  from  the  posterior  portion 
pass  from  behind  forward  and  are  distributed  in  the  posterior  portion  of  the 
optic  thalami.  The  fibres  from  the  convolutions  of  the  hippocampi  and  the 
fascia  dentata  are  lost  in  the  gray  substance  lining  the  internal  borders  of 
the  optic  thalami  In  the  course  of  most  of  these  fibres  toward  the  corpora 
striata  and  the  optic  thalami,  they  pass  through  the  internal  capsule. 

The  fibres  from  the  anterior  and  middle  portions  of  the  cerebrum,  espe- 
cially the  middle  portion,  contribute  largely  to  the  formation  of  the  anterior 
two- thirds  of  the  posterior  division  of  the  internal  capsule.  The  fibres  from 
the  posterior  portion  of  the  cerebrum  are  found  in  the  posterior  third  of  the 
posterior  division  of  the  internal  capsule.  The  posterior  fibres  are  probably 
sensory.  The  middle  and  anterior  fibres  are  motor.  The  latter  undergo  de- 
scending degenerations  following  lesions  of  the  anterior  and  posterior  central 
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convolntionB  (Charcot).     A  few  of  the  converging  libre^t  from  t* 
pjLss  directly  through  the  internal  capsule  and  have  no  conr 
corpora  striata  and  optic  thalaniL 

From  the  internal  capsule,  the  fibres  pass  in  the  ctxu  ctrtT.n  w  inei 
border  of  the  pons  Varolii.     The  motor  fibres  pa?s  through  the  potii  aa  lot.  | 


Flio.  2B.— Diagrammatic  rtpreteniaium  cf  the  dirteiion  of  tome  of  the  JIbreM  in  the  eerfbnm  (U I 

gitudinal  fibres,  go  to  the  anterior  pyramids  of  the  medulla  oblongata^  wh«l 
most  of  them  decussate,  and  thence  to  the  pyramidal  tracts  of  the  gpb 
cord.  The  sensory  fibres  go  to  the  posterior  part  of  the  cord.  The  eoav 
ing  cerebral  fibres  are  re-enforced,  in  their  downward  course,  by  fibres  fn 
the  tubercular  quadrigemina  and  the  gray  matter  of  the  jwns  VaroUi.  C^ 
tain  fibres  go  to  the  olivary  bodies  in  tlie  medulla  oblongata.  A  more  ei 
ed  description  of  these  fibres  will  be  given  in  coanection  with  the  phyaolo! 
cal  anatomy  of  the  medulla. 

Cerebral  Localization, — The  observations  of  Flourens  (1822  and  1823)  i 
his  immediate  followers,  which  seemed  to  show  that  the  cerebrum  was  uciti 
excitable  nor  sensible  to  direct  stimulation,  have  been  bo  completely  < 
dieted  by  the  experiments  of  Fritsch  and  Hitzig  (1870),  Ferrier,  Mui 
ley  and  many  others,  that  the  question  of  the  existence  of  motor  and  i 
centres— especially  motor  centres — hardly  admits  of  discussion.  The  ne 
results  obtained  by  Flourens  were  probably  due  to  severe  lijemorrhage,  wli 
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according  to  Ferrier,  rapidly  destroys  the  excitability  of  the  motor  cortical 
areas.    Some  of  the  experiments  of  Ooltz,  by  which  it  has  been  attempted  to 
pro?e  that  circumscribed  and  invariable  motor  areas  do  not  exist,  are  an- 
swered by  observations  showing  descending  secondary  degenerations  following 
injury  of  certain  parts  of  the  cerebral  cortex.    The  earlier  observations  on  cere- 
bral localization  were  made  on  dogs.     Later,  experiments  have  been  made 
on  monkeys,  and  the  results  of  these  have  been  to  a  certain  extent  confirmed 
bj  pathological  observations  on  the  human  subject.     Beginning  with  the  ob- 
servations in  which  descending  degenerations  have  been  noted  as  a  consequence 
of  destruction  of  parts  of  the  cerebral  cortex,  it  may  be  assumed  that  a  distinct 
area  exists  which  presides  over  certain  localized  muscular  movements. 

Motor  Cortical  Zone, — The  motor  cortical  zone  is  on  either  side  of  the 
fissure  of  Rolando.    It  is  usually  described  as  including  the  anterior  and  pos- 


FiO.  9SI&.— Motor  cortical  zone^  on  the  outer  surface  of  tfie  cerebrum  (Exner). 

terior  central  convolutions  (see  Fig.  221)  and  the  paracentral  lobule  (see  Fig. 
222).  Faradization  of  parts  in  this  zone  is  followed  by  localized  muscular 
movements.  In  fact,  the  motor  areas  seem  to  be  subject  to  nearly  the 
same  laws,  as  regards  their  reactions  to  Faradic  stimulation,  as  are  the 
motor  nerves.  Forty  Faradic  shocks  per  second  produce  a  corresponding 
number  of  single  muscular  contractions.  Forty-six  shocks  per  second  pro- 
duce a  tetanic  contraction  (Franck  and  Pitres).  Destruction  of  motor  areas 
is  followed  by  partial  loss  of  power  in  certain  sets  of  muscles,  and  by  descend- 
ing secondary  degeneration  of  nerve-fibres,  extending  through  the  corona 
radiata,  the  internal  capsule,  the  crura  cerebri,  the  anterior  pyramids  of  the 
medulla  oblongata  and  finally  the  pyramidal  tracts  of  the  spinal  cord. 
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4i|altd  80  nearly  constant,  that  the  local izations  may  be  accepted  as  nearly  cor- 
rect In  the  diagram  (Fig.  238)  and  descriptions,  the  centres  for  the  special 
senses  have  heen  omitted,  to  he  taken  up  in  connection  with  the  pliysiohigy 
of  olfaction,  vision,  audition  and  gustation. 

In  the  following  description,  tlie  numbers  and  letters  refer  to  Fig.  22 : 
(1).  Tills,  which  is  on  the  precuneus  (compare  Fig.  222),  indicates  tlie 
position  of  the  centres  for  movements  of  the  opposite  leg  and  foot,  such  aa 
are  concemed  in  locomotion. 

(2),  (3),  (4),  These  numbers,  which  are  over  the  convolutions  bounding 
the  upper  extremity  of  the  fissure  of  IJolando  {including  the  paracentral 
lobule — compare  Fig  222),  include  centres  for  various  complex  movements 
of  the  arms  and  legs,  such  as  are  concerned  in  climbing,  swimming,  etc, 

(5)  Situated  at  the  posterior  extremity  of  tlie  first  frontal  convolution,  at 
its  junction  with  the  anterior  central  convolution,  is  the  centre  for  the  ex- 
tension forward  of  the  arm  and  hand,  as  in  putting  forth  the  hand  to  touch 
^methi ng  in  front, 

(6)  Situated  on  the  anterior  central  convolution,  just  behind  the  upper 
end  of  the  posterior  extremity  of  the  second  frontal  convolution,  is  the  cen- 
tre for  the  movements  of  the  hand  and  forearm,  in  which  the  biceps  is  par- 
ticularly engaged ;  viz.,  supination  of  the  hand  and  flexion  of  the  forearm. 

(7),  (8).  Jnet  below  (0),  on  the  anterior  central  convolution,  are  centres 
rt^spectively  for  the  elevatoi-s  and  depressors  of  the  mouth. 

(9),  (10).  These  numbers  txiken  together,  on  the  third  frontal  convolu- 
tion, mark  the  centre  for  the  movements  of  the  lif»s  and  tongue,  as  in  articu- 
lation. "  This  is  the  region,  disease  of  which  causes  aplmsia,  and  is  gener- 
ally known  as  Broca's  convolution.*' 

(11),  This,  which  is  on  the  lower  end  of  the  posterior  central  convolution, 
marks  *•■  the  centre  of  the  platysma,  retraction  of  the  angle  of  the  mouth," 

(12)  This,  which  is  on  the  posterior  part  of  the  first  and  second  frontal 
convolution,  marks  ''  a  centre  for  lateral  movements  of  the  head  and  eyes^ 
with  elevation  of  tlie  eyeliils  and  dilatation  of  pupil." 

(a),  (ft),  {i%  (//).  These  letters,  on  nearly  the  whole  of  the  posterior  cen- 
tral convolution, "'  indicate  the  centres  of  movement  of  the  hand  and  wrist." 

The  above  description  is  quoted  from  Ferrier,  with  certaiit  changes  in 
the  nomenclature  of  the  convolutions.  Schafer  and  Ilorsley  in  the  main 
have  confirmed  and  have  somewhat  extended  the  researches  of  Ferrier. 
These  observers  have  shown  that  the  centres  on  tlie  outer  surface  of  the 
cerebrum,  near  the  great  longitudinal  fissure,  extend  to  the  inner  surface.  In 
the  first  frontal  convolution,  in  front  of  the  paracentral  lobule,  is  a  centre 
for  movements  of  the  trunk  (Tr.,  Fig.  229),  and  in  front  of  this,  is  a  centre 
for  the  movements  of  the  arm  and  shoulder.  Other  parts  of  the  inner  cere- 
bral surface,  except  the  jjaracentral  lobule,  are  inexcitable. 

In  man  lesions  of  parts  of  the  motor-oortic^d  zone  produce  localized  paral- 
ysis, or  what  is  called  monoplegia,  the  action  being  crossed.  **  The  following 
forms  of  monoi)legia  have  l>een  observer!  to  attend  localized  cortical  lesions : 
1,  oculo-motor  monoplegia  (isolated  ptosis)  ;  2,  facial  monoplegia,  sometimes 
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mmk  ;  LKG,  i  paracentral  lohule;  area  for 
movenieots  of  the  lt)g. 


combined  with  paralysis  of  the  h\*poglosstil  nerve ;  3,  ]jnM*liijJ  mm 

or  paralysis  of  the  o])posite  arm;  4,  crural  monoplegia,  or  panlpiirf  ' 

opposite  leg ;  5,  brachio-fadal  mimo* 
plegia,  or  paralysis  *»f  the  Hrm  and 
face''  (Flint's  '^*  Pra*'tirc^  of  Mn|i.. 
cine  "). 

It  18  possible   that   ih* 
sensory  centres  in  the  cer»jli ^ 
but  they  have  not  been  satidfi 
localized,  although  attemi)tii  have  1 
made  to  limit  snch  area^  by  stodr 
reflex  phenomena  following  stimu 
tion  of  certain  parts.     It  may  be^tatt 
in  general  terms  that  the  occipital  j 
temporo  -  sphenoidal   lobes,  the  fih 
from  which  pass  throngh  the  pc^sterij 

third  of  the  posterior  division  of  the  internal  capsule,  aix*  qjecially  connect* 

with  sensation. 

One  of  the  most  important  of  the  cerebral  centres  is  the  cc»ntw 

speech,  which  will  be  fully  describetl  after  the  consideration  of  the  g&n 

uses  of  the  cerebral  hemispheres. 

General  Uses  of  the  CEREBRiir, 

The  cortical  gray  substance  of  the  cerebral  hemispheres  not  only  is  < 
of  generating  motor  impulses  of  the  kind  known  as  voluntary,  and  of  i 
ing  sensory  impressions,  including  those  connected  with  the  special 
but  its  anatomical  and  physiological  integrity,  and  its  connections, » 
with  sensory  eonduetors,  are  essential  to  wlmt  are  known  as  mental  oj^_ 
tions.    The  existence  of  the  mind  and  the  possibility  of  normal  operatioi 
of  the  intelligence  depend  upon  the  existence  of  the  gniy  matter  of  the  < 
bral  cortex  and  its  normal  physiological  condition  and  relations.     This  ] 
osition  does  not  imply  that  the  mind  is  a  force  which  o}x*mtes  through! 
brain,  or  even,  strictly  speaking,  tliat  the  brain  is  the  seat  of  the  intella^t 
faculties.     Mental  opemtions  involve  a  slight  elevation  of  temperature 
slightly  increase  some  of  the  excretions*     It  is  probable,  therefore,  that  I 
involve  changes  of  matter ;  and  these  changes,  if  they  occur,  can  be  efle 
only  by  the  cells  of  the  brain.     Without  defining  or  analyzing  the  infcell 
tind  faculties  or  attempting  to  Icx'nte  different  facnltie-s  in  special  part^  it| 
sufficient  to  sttite  that  certain  of  these  faculties  reside  probably  in  tliai 
tion  of  the  brain  which  is  anterior  to  the  motor  cortical  zone ;  that  is,  b  1 
frontal  lobes.     These  lobes,  as  far  as  is  known,  do  not  present  motor  or 
gory  areas. 

The  brain  and  the  intellectual  power  of  man  are  so  far  superior  in  1 
development  to  this  organ  and  its  properties  in  the  lower  animals,  that  t 
philosophers  have  regarded  the  human  intelligence  as  distinct  in  natujel 
well  as  in  degree.     Although  physiologists  do  not  generally  accept  this  prop* 
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oBition,  regarding  the  intelligence  of  man  as  simply  superior  in  degree  to 
that  of  the  lower  iiiiiinals,  it  is  evident  that  thh  difference  in  the  degree  of 
development  is  so  great  as  to  render  the  huinnn  mind  liardly  comparable 
with  the  intellectual  attributes  of  animals  low  in  the  scale.  Still,  there  can 
be  no  donbt  with  regiird  to  the  identity  of  the  nature  of  the  faculties  of  the 
brain  in  man  and  in  gome  of  the  lower  animals,  however  mueh  these  fat^ul- 
ties  may  differ  in  their  degree  of  development  If  this  proposition  be  tnie» 
it  is  reasonable  to  apply  experiments  on  the  brain  in  the  lower  animals  to  t!ie 
physiology  of  corresponding  parts  in  the  human  subject. 

Extirpaiion  of  ihe  fV're/^r^w/.— Experiments  upon  different  classes  of 
animals  show^  clearly  that  the  hi*ain  is  less  important,  as  regards  the  ordinary 
manifestations  of  animal  life,  in  proportion  as  its  relative  development  is 
smaller*  For  example,  if  the  cerebral  hemispheres  be  removed  from  tishes 
or  reptiles,  the  movements  ^vMch  are  called  vohmtary  may  be  but  little 
affected ;  while  if  the  same  mutilation  be  performed  in  birds  or  some  of  the 
mammalia,  the  diminished  power  of  voluntary  motion  is  much  more  marked. 
It  would  be  plainly  nu]>hilosopliieal  to  assume,  becaose  a  fish  or  a  frog  will 
swim  in  water  and  execute  movements  after  removal  of  the  hemispheres 
very  like  those  of  the  uninjured  animal,  that  the  feeble  intelligence  poeeessed 
by  these  animals  is  not  destroyed  by  the  operation.  It  is  not  only  possible 
but  probable  that  in  the  vei^  lowest  of  the  veiiebrates,  the  operations  of  the 
nervous  centres  are  not  the  same  as  in  higher  animals.  There  is,  for  exam- 
ple, a  tish  (the  lancet-tish,  Aniphioxuii  lanrmiafns)^  that  has  no  brain,  all  of 
the  functions  of  animal  life  being  regidated  by  the  gray  substauee  of  the 
spinal  cord.  It  is  essential,  therefore,  in  endeavoring  to  apply  the  results  of 
experiments  upon  the  brain  in  the  lower  animals  to  human  physiology,  to 
isolate,  as  far  its  possible,  the  distinct  manifestations  of  intelligence  from 
automatic  movements, 

Flourens  (18'^3  and  1823)  made  a  series  of  important  observations  upon 
the  different  parts  of  the  encephalon.  As  regards  the  cerebral  hemispheres, 
he  found  that  the  complete  removal  of  these  parts  in  living  animals  (frogs, 
pigeons,  fowls,  mice,  moles,  cats  and  dogs),  was  invariably  followed  by 
stupor,  ap[>arent  loss  of  intelligence  and  absence  of  even  the  ordinary  in- 
stinctive acts.  Animals  thus  mutUaled  retained  genend  sensibility  and  the 
power  of  voluntary  movements,  but  were  thought  to  be  deprived  of  the  spe- 
cial senses  of  sight,  hearing,  smell  and  taste.  As  regards  general  Bensihdity 
and  voluntary  movements,  Flonreus  was  of  the  oi>inion  that  animals  de- 
prived of  their  cerebral  lobes  possesse*!  sensation,  but  had  lost  the  power  of 
perception,  and  tbat  they  could  execute  voluntary  movements  when  an 
irritation  was  a|>plied  t«  any  part,  but  had  lost  the  power  of  making  such 
movements  in  obedience  to  an  effort  of  the  will.  One  of  the  most  remark- 
able phenomena  observed  w^as  entire  loss  of  memory  and  of  the  power  of 
connecting  ideas.  The  voluntary  muscular  system  w^aa  enfeebled  but  not 
l)ttralyzed.  Removal  of  one  hemisphere  produced,  in  the  higher  chisses  of 
animals  experimented  upon,  enfeeblement  of  the  muscles  upon  the  opposite 
side,  but  the  intellectual  faculties  were  in  part  or  entirely  retained. 
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The  observations  of  Floureoa  have  been  repeated  by  many  physiolo^^t^ 
and  were  in  the  main  conlirmed,  except  as  regards  the  special  senses, 
laud  (18211)  made  a  large  nnmber  of  observations  upon  pigeons,  fowls,  nk 
bits  and  other  animals,  in  whieh,  after  removal  of  the  hemisphere^  he  note? 
the  persistence  of  the  senses  of  sight  and  hearing.  Longet  finally  demoa^ 
strated  the  fact  that  both  sight  and  hearing  are  retained  after  extirpation  ( 
the  hemispheres,  even  more  clearly  than  Bouillaud,  by  the  following  eq>rH 
ments :  He  removed  the  hemispheres  from  a  pigeon,  the  animal  sur^ivitj 
the  operation  eighteen  days.  When  this  animal  was  placed  in  a  dark  i 
and  a  light  was  suddenly  brought  near  the  eyes,  the  iris  contnieU?d  and 
animal  winked;  "but  it  was  remarkable,  that  when  a  lighte<l  candle 
moved  in  a  circle,  and  at  a  sufficient  distance,  so  that  there  should  be 
sensation  of  heat,  the  pigeon  executed  an  analogous  movement  of  t!»e  he«l1 
An  examination  after  death  showed  that  the  removal  of  the  (x^rebnim 
been  complete.  An  animal  deprived  of  the  hemispheres  also  opened  the  eye^ 
at  the  report  of  a  pistol  and  gave  other  evidence  that  the  geode  of  heariuf 
was  retained. 

With  regard  to  the  senses  of  smell  and  tast^,  it  is  more  difficult  to  deti 
mine  their  presence  than  to  ascertain  that  the  senses  of  sight  and  liearing  i 
retained.     It  is  probable,  however,  that  tlie  sense  of  smell  is  not  aboliiiia 
if  the  hemispheres  be  carefally  removed,  leaving  the  olfactory  guii/ 
and  there  is  no  direct  evidence  that  extirpation  of  the  cerebmm  .^^ 
sense  of  taste;  indeed,  in  young  cats  and  dogs,  Longet  has  noted  evidenoti 
of  a  disagreeable  impression  following  the  introduction  of  a  o-  i 

solution  of  colocynth  into  the  month,  as  distinctly  as  in  the  s;ii 
under  normal  conditions. 

Comparative  Development  of  the  Cerebrum  in  the  Lower  Animtiis.^^ 
only  necessary  to  refer  very  briefly  to  the  development  of  the  oerebmm 
the  lower  animals  as  compared  with  the  human  subject,  to  show  the  conne 
tion  of  the  hemispheres  with  intelligence.     In  man  the  cerebmm  presentfl 
large  prt^ponderanoe  in  weight  over  other  portions  of  the  encepJialon; 
in  some  of  the  lower  animals  the  cerebrum  is  even  less  in  weight  than  1 
cerebellum.     In  man,  also,  not  only  the  relative  but  the  absolute  weight  \ 
the  bnun  is  greater  than  in  lower  animals,  with  but  two  exceptions*    To 
hiis  cited  a  number  of  observations  raiide  n[ion  the  brains  of  eleplianta,! 
wliieh  the  weighta  ranged  between  nine  and  ten  piiunds  (about  4,0(H) 
4,500  grammes)t     Rudolphi  gave  the  weight  of  the  encephalon  of  i  wh 
seventy-five  feet  long  (about  23  metres),  as  considerably  over  five 
(about  2,300  grammes).     With  the  exception  of  tliese  animals,  rnuti 
the  largest  brain  in  the  zoological  scale. 

Another  interesting  point  in  this  connection  is  the  development  of 
bral  convolutiuns  in  certain  animals,  by  which  the  relativL'  quantity  of 
matter  is  increased.     In  fislies,  reptiles  and  birds,  the  surface  of  the  he 
spheres  is  smooth ;  but  in  many  mammalia,  especially  in  those  remarkable  1 
intelligence,  the  cerebrum  presents  a  greater  or  less  number  ot  couvolutio 
as  it  does  in  the  human  subject. 
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Developfnent  of  ike  Cerebrum  in  Different  Races  of  Meti  and  in  Different 
individuals, — It  may  be  stated  as  a  general  praposition,  that  in  the  different 
of  men,  the  cerebrum  is  developed  in  proportion  to  their  intellectual 
power;  and  in  ilifferent  individuals  of  the  same  race,  the  same  general  rule 
obtains.  Still,  this  law  presents  marked  exceptions.  Certain  bmina  in  an 
inferior  race  may  be  larger  than  the  avenige  in  the  superior  nice ;  and  it  13 
frequently  observed  that  unusual  intellectual  vigor  ia  co-existent  with  a  small 
brain,  and  the  reverse.  These  exceptions,  however,  do  not  tiike  away  from 
the  force  of  the  original  proposition.  As  regards  nuies,  the  rule  is  found  to 
be  invariable,  when  a  surticient  number  of  obBervations  are  analyzed,  and  the 
same  holds  true  in  comparing  a  large  number  of  individuals  of  the  same  race. 
Average  men  have  an  advantage  over  avenige  \vomen  of  alwut  six  ounces 
(170  grammes)  of  cerebral  substance ;  and  while  many  women  arc  far  sujierior 
in  intellect  Uy  many  men,  such  instances  are  not  sutHciently  frequent  to 
invalidate  the  general  law,  that  the  greatest  intellectual  capacity  and  mentHl 
vigor  is  coincident  with  the  greatest  quantity  of  cerebral  substance.  H  the 
view,  which  is  in  every  way  reasonable,  be  accepted,  that  the  gmy  substance 
alone  of  the  cerebral  hemispheres  is  directly  connected  with  the  mind,  it 
would  be  necessary,  in  comparing  different  individuals  with  the  view  of 
establishing  a  definite  relation  between  brain-substance  and  intelligence,  to 
estimate  the  quantity  of  gray  matter ;  but  it  is  not  easy  to  see  how  this  can 
be  done  with  any  degree  of  accuracy. 

It  is  undoubtedly  true  that  proper  t mining  and  exercise  develop  and 
increase  the  vigor  of  the  intellectual  faculties,  and  that  thereby  the  brain  ia 
increased  in  power,  as  are  the  muscles  under  analogous  conditions.  This  will 
perhaps  explain  some  of  tlie  exceptions  above  in<iicated;  but  an  additiomd 
explanation  may  be  found  in  differences  in  the  quality  of  bnnn-substance  in 
different  individuals,  irrespective  of  the  size  of  the  cerebral  heinispheres. 
One  evidence  that  these  differences  in  the  quality  of  intellectual  working 
matter  exist,  is  that  some  small  brains  actually  accouiplish  more  and  better 
work  than  some  large  brains.  This  fact  may  be  due  to  differunees  in  train- 
igt  to  the  extraordinary  development,  in  some  individuals,  of  certain  quidi- 
ties,  to  intensity  and  pertiiuicity  of  purpose,  caj>acity  for  persistent  labor  in 
certain  directions,  a  fortunate  direction  of  the  mental  efforts,  opportunity  and 
circumstances,  etc, ;  but  aside  from  these  considerations,  it  is  exceedingly 
probable  that  there  are  important  individual  differences  in  tlie  quality  of 
nervous  matter. 

Facial  Angle,~lt  is  not  necessary  to  enter  into  an  extended  discussion 
of  the  relations  of  the  facial  angle  to  intelligence.  It  was  proposed  by 
Camper  to  take  the  angle  made  at  the  junction  of  two  linen,  one  drawn  from 
the  most  projecting  part  of  the  forehead  to  the  alve<>la3  of  the  teeth  of  the 
upper  jaw,  and  another  passing  horizontally  btR»kwurd  from  the  lower  ex- 
tremity of  the  first  line,  as  the?  facial  angle.  This  angle  is  to  a  certain  extent 
a  measure  of  the  projection  of  the  autjcrior  lobes  of  the  brain.  A  number  of 
observations  upon  the  facial  angle  in  different  races  hiis  been  made  by  Camper 
and  by  other  physiologists  and  ethnologists.     These  show,  in  general  terms, 
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that  the  angle  is  larger  in  man  than  in  any  of  the  inferior  animttlg  and  U 
largest  in  those  races  that  possess  the  greatest  intellectual  development 

Pathdogical  Ohservntioni<. — It  is  a  fact  now  generally  admitte*i  in  pathnl* 
ogy,  that  loss  of  cerebral  sttbstance  from  repeated  haemorrhage  is  gocmrr 
later  followed  by  impairment  of  the  intellectual  faculties.     This  point 
frequently  difficult  to  determine  in  an  individual  instance,  but  an  analviis 
a  sufficient  number  of  cases  showa  impaired  memory,  tardy,  inaccurate  ti 
feeble  connection  of  ideas,  abnormal  irritability  of  temper  with  a  chili 
susceptibility  to  petty  or  imaginary  annoyances,  easily  excited  emoi 
manifestationg  and  a  variety  of  phenomena  denoting  abnormally  feeble  ini 
lectual  power,  following  any  considerable  disorganization  of  wrebnJ 
stance.     In  short,  pathological  conditions  of  the  brain  all  go  lo  show 
the  intellectual  faculties  are  directly  connected  with  the  cerebral  bemispl 

In  idiots  the  brain  usually  is  of  small  size,  although  there  are  exceptii 
to  this  rule.  In  two  cases  of  adult  idiots,  reported  by  Tiederaann^  the  hmt 
wsis  about  one-half  of  the  normal  weight  The  brain  of  an  idiotic  wonaa, 
forty-two  years  of  age,  reported  by  Gore,  weighwl  ten  ounces  and  five  graini 
(about  284  grammes).  It  has  been  observed,  also,  that  the  cerebellnm  ii 
not  proportionally  diminished  in  size  in  idiots  (Bradley).  In  one  insUuitt 
reported,  the  proportion  of  the  cerebellum  to  the  cerebrum  was  as  1  to  54 
In  the  healthy  adult  male  of  ordinary  weight,  the  proportion  is  as  1  to  8f. 
The  statements  just  nuule  with  regard  to  the  brains  of  idiots  refer  to  caws 
cliaracterized  by  complete  absence  of  intelligence,  and  farthermore,  probabh. 
by  very  small  development  of  the  body.  On  the*  other  hand,  there  ai* 
instiiuces  of  idiocy,  the  body  being  of  ordinary  size,  in  which  the  weight  d 
the  encephalon  is  little  if  any  below  the  average.  Lelut  haa  reported  sevenl 
cases  of  this  kind.  In  one  of  these,  a  deaf-mute  idiots  forty-three  years  <it 
age,  a  little  above  the  ordinary  stature,  presenting  **  idiocy  of  the  lowi^ 
degree;  almost  no  sign  of  intelligence;  no  ciire  of  cleanliness,"  the  encepluk 
Ion  weighed  48-32  oz.  (1,309*8  grammes).  Other  cases  of  idiots  of  medium 
stature  are  given,  in  which  the  brain  weigheil  but  little  less  than  the  nomuil 
average.  In  the  Wes(  Riding  Lunatic  Astjlum  Reports^  London,  1876* 
a  report  of  the  case  of  a  congenital  imbecile,  ageil  thirty  years,  height 
feet  and  eight  inches  (17S2'7  centimetres),  died  of  phthisis,  whoae  brwn 
weighed  70^  oz.  (*-JJ>00  grammes)-  This  is  heavier  than  the  heaviest  noi 
bmin  on  record.     The  normal  brain-weight  is  411^  oz.  (1,4083  grammes). 

ReactioH'Time. — The  time  which  elapses  between  the  applicatioxi 
stimulus  and  its  appreciation  by  the  indiddnal  experimenttMl  upon  is  kn" 
as  react! on- time.     In  experiments  with  reference  to  this  point,  the 
observed  makes  an  electric  signal  when  the  sensation  is  perceived. 
tion  time  is  0*12  of  a  second  for  a  shock  on  the  hand,  0-13  for  the 
i>'17  for  the  toe  and  0*1  ;j  for  a  sudden  noise  (Exner).     The  duration  is  about 
016  of  a  second  for  imjiressions  made  on  the  nerves  of  sjjecial  sense.    Thi 
the  time  of  conduction  of  the  impression  to  the  brain,  it^  appreciation  by 
individual,  the  generation  of  tlie  voluntary  impulse  and  the  conduction 
this  impulse  to  the  muscles  concerned  in  making  the  signal.     It  is  prol 
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subject  to  variations  analogous  to  those  obsen^ed  in  the  "  personal  equa- 
tion." 

Centre  for  the  Expression  of  Ideas  in  Lauffuaf/e,— The  location  of  this 
centre  depends  entirely  upon  the  study  of  cases  of  dise^^e  in  the  human  sub- 
ject. It  is  evident  that  there  must  be  a  comprehension  of  the  significance  of 
words,  the  formation  of  an  idea  more  or  less  complex,  and  a  co-ordinate  action 
of  the  muscles  concerned  in  speech,  as  conditions  essential  to  expression  in 
spoken  words.  One  or  more  of  these  conditions  may  be  absent  in  cases  of 
disease ;  and  the  general  absence  of  the  ])o\ver  of  verbal  expres.«iion,  when 
this  depends  on  cerebral  lesion,  is  known  as  aphasia.  This  is  quite  different 
from  aphonia,  which  is  simply  loss  of  voice.  If  tJie  comprehension  of  the 
meaning  of  words  be  absent,  the  individual  ia  incapable  of  receiving  ideas 
expressed  in  language.  In  cases  of  aphasia  it  often  is  difficult  to  determine 
this  point  In  certain  cases  it  is  pussible  Liiat  t!ie  iudividnal  may  under- 
stand what  is  said  and  may  form  ideas  to  which  he  is  unable  to  give  verbal 
expression.  In  such  instances  he  can  neither  speak  iu>r  write.  There  are 
certain  cases  in  which  the  written  or  printed  words  convey  no  idea,  while 
spoken  words  are  understood,  but  there  is  no  loss  of  intelligence  and  words 
are  spoken  without  difficulty.  This  condition  is  called  word-ldindness.  If 
there  be  simple  want  of  co-ordination  of  the  muscles  concerned  in  speech, 
words  are  spoken  which  may  have  no  connection  with  the  idea  to  be  con- 
vej'ed,  but  the  individual  may  be  able  to  express  himself  in  writing.  This 
condition  is  known  as  ataxic  apliasia.  Tlie  inability  to  express  ideas  in  wTit- 
ing  ij*  called  agraphia,  and  this  is  usually  an  indication  of  tlie  condition 
knovrn  as  amnesic  aphasia,  in  which  it  is  impossible  to  put  idetis  into  words 
in  any  way.  Persons  affected  with  purely  ataxic  aphasia  may  understand 
and  i\Tite  perfectly,  hut  they  can  not  read  aloud  or  rcfieat  words  or  sentences 
spoken  to  them.  In  cases  of  simple  amnesic  aphasia,  patients  can  sometimes 
repeat  dictated  words.  In  cases  in  which  hemiplegia  is  marked,  the  aphasia 
usually  is  ataxic.  In  cases  in  which  there  is  no  hemiplegia,  the  aphasia  usu- 
ally  is  amnesic.  The  ataxic  and  amnesic  forms  of  aphasia  may  be  eomljiucd. 
A  full  description,  Iiowever,  of  the  many  and  varied  forma  of  aphasia  would 
be  out  of  place  in  this  work. 

In  1T06,  Pourpour  du  Petit  reported  a  case  of  aphasia,  with  lesion  of  the 
left  frontid  lobe  of  the  cerebrum,  in  which  the  patient  could  prunounce 
nothing  but  *'  «rm." 

Mare  Dax  (1836)  indicated  loss  or  impairment  of  speech  in  one  hundred 
and  forty  c^ses  of  right  hemiplegia*  These  observations  attracted  little  at- 
tention, until  IBOl,  when  the  subjec^t  was  studied  by  Broca.  Since  then, 
many  cases  of  aphasia  with  lesion  of  the  k^ft  trontiil  lube  have  been  reported 
by  various  writei*s.  In  18^53,  M.  *r.  Dax,  a  suu  of  Marc  Dax,  linuted  the 
lesion  to  the  middle  portion  of  the  left  froutal  lolx*.  It  was  farther  stated, 
by  Broca  and  Hugh  lings  Jackson,  to  be  that  portion  of  the  brain  nourished 
|)y  the  left  middle  cerebral  artery  (the  inferior  frontal  braueh).  According 
reeent  observers,  the  most  frequent  lesion  is  in  the  parts  sujiplied  by  the 
left  middle  cerebral  artery,  particuhirly  the  lobe  of  the  insula,  or  the  island 
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of  Eeil ;  and  it  Is  a  ctiriotiB  hwt  that  this  part  is  fouDd  onlr  in  man  and 
monkeys,  being  in  the  lutttr  very  slightly  developed. 

While  the  cerebral  lesion  in  aphasia  involves  the  left  frontal  lobe  in  ihi 
great  majority  of  ea^8,  there  are  instances  in  which  the  right  1ol)e  alonr  t* 
affected,  and  these  occur  in  left-handed  persons.  Aside  from  the  aimUmii. 
eal  arrangement  of  the  arteries,  which  seem  to  furnish  a  greater  «jimiititr«i 
blwxi  to  the  left  hemisphere,  it  is  evident  that  as  far  as  voliinUn  movt- 
ments  are  eoncenied,  the  right  hand,  foot,  eye  etc.,  are  used  in  preferpnct 
to  the  left,  and  that  the  motor  operations  of  the  left  hemisphere  are  superiar 
in  activity  Uy  those  of  the  right*  Bateman  has  quoted  two  eases  of  nphi^ 
dependent  upon  lesion  of  the  right  side  of  the  brain,  and  consequent  Iffi 
hemiplegia,  in  which  the  persons  were  left-handed ;  and  theee,  few  as  tky 
are,  are  important,  as  showing  that  a  penion  may  use  the  i  ■  / 
brain  in  sjiet^ch,  as  in  the  other  motor  acts.  Although  most 
failed  to  find  any  considerable  diiference  in  the  weight  of  the  two  oan^M 
hemispheres,  Boyd  !ms  shown  by  an  "examination  of  m»arly  two  hi  r  '^  ' 
cases  at  Ht  Marylebone,  in  which  the  hemispheres  were  weighed  8ej'. 
that  almost  invariably  the  weight  of  the  left  exeee<ied  that  uf  thenghtoj 
at  least  the  eighth  of  an  ounce  (4*5  grammes)." 

Broad  bent  has  reported  an  examination  of  the  encephalon  of  a  deaf  and 
dumb  woman.  In  this  case  the  brain  wivs  found  to  be  of  about  the  uhuI 
weight,  but  the  left  tiiird  frontal  convolution  was  of  **  comparatively  amall 
size  luid  simple  chai'acter/' 

Taking  into  consideration  all  of  the  pathological  facts  bearir 
question,  it  seems  certain  that  in  tlie  great  majority  of  pcrscms,  i        ^ 
part  presiding  over  the  faculty  of  language  is  situatetl  on  the  left  side,  it  or 
near  the  third  fronted  convolution  and  the  island  of  Reil,  mn^   '     ' 
supplied  by  the  middle  cerebnU  artery.     In  some  few  in^r 
seems  to  be  in  the  corresponding  part  upon  the  right  side*     It  ifi  | 
tliat  originally  both  sides  preside  over  speecJi,  and  the  snperiority  of  t     i 
side  of  the  bmin  over  the  right  and  it^  moi*e  constant  use  by  preferoibv  \% 
right-handed  persons  may  load'  to  a  grudutd  abolition  of  the  actioa  of  iht 
right  side  of  the  brain,  in  connection  with  speech,  simply  from  disuse.    Tkii 
view,  however,  is  purely  hypothetical     In  some  cases  of  apluisia  fmm  lesioa 
of  the  speech-centre  in  the  left  hemisphere,  recovery  takes  pla«H%  and  cK 
sionally  "  speech  has  been  again  lost  when  a  fresh  lesion  occun\«l  in 
part  of  the  right  hemisphere"  (Gowers).     Li  the  ataxic  form  of  aphasimj 
idea  and  memory  of  wonls  remain,  and  there  is  loss  of  sj>eec'h  simply  ft 
inability  to  co-ordinate  the  muscles  concerned  in  articulate  language, 
tients  aiTect^3d  in  this  way  can  not  speak  but  can  write  with  ease  and  wr 
neas.     In  tlie  anmesic  form  of  the  disease,  the  idea  and  memory  of 
are  lost ;  patients  can  not  spe^ik^  and  are  affected  ^ith  agraphia,  or 
to  write.     The  motor  tracts  from  the  centre  for  speech  pass  to  the 
portion  of  the  posterior  dirision  of  the  internal  capsule  and  thence 
the  left  cms,  into  the  pons  V^arolii,  where  they  decussate  and  go  to  ihaj 
Bide  of  the  medulla  oblongata. 
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The  Cerebellum. 

It  is  not  necessary  in  order  to  comprehend  the  uses  of  the  cerebel- 
lum, as  far  as  these  are  known,  to  enter  into  a  full  description  of  its 
anatomical  characters.  The  points,  in  this  connection,  that  are  most  im- 
portant are  the  following :  the  division  of  the  substance  of  the  cerebellum 
into  gray  and  white  matter;  the  connection  between  the  cells  and  the 
fibres ;  the  connection  of  the  fibres  with  the  cerebrum  and  with  the  prolon- 
gations of  the  columns  of  the  spinal  cord ;  the  passage  of  fibres  between  the 
two  lateral  lobes.  These  are  the  only  anatomical  points  that  will  be  con- 
sidered. 

Pliysiological  Anatomy, — The  cerebellum,  situated  benfeath  the  posterior 
lobes  of  the  cerebrum,  weighs  about  5*25  ounces  (148*8  grammes)  in  the  male, 
and  4-7  ounces  (135  grammes)  in  the  female.  The  proportionate  weight  to 
that  of  the  cerebrum  is  as  1  to  84^  in  the  male,  and  as  1  to  8J  in  the  female. 
The  cerebellum  is  separated  from  the  cerebrum  by  a  strong  process  of  the 
dura  mater,  called  the  tentorium.  Like  the  cerebrum,  the  cerebellum  pre- 
sents an  external  layer  of  gray  matter,  the  interior  being  formed  of  white,  or 
fibrous  nerve-tissue.  The  extent  of  the  gray  substiince  is  much  increased 
by  abundant,  fine  convolutions  and  is  farther  extended  by  the  penetration, 
from  the  surface,  of  arborescent  processes  of  gray  matter.  Near  the  centre 
of  each  lateral  lobe,  embedded  in  the  white  substance,  is  an  irregularly  den- 
tated  mass  of  gray 
matter,  called  the 
corpus  dentatum. 
The  convolutions 
are  finer  and  more 
abundant  and  the 
gray  substance  is 
deeper  in  the  cere- 
bellum than  in  the 
cerebrum.  These 
convolutions,  also, 
are  present  in  many 
of  the  inferior  ani- 
mals in  which  the 
surface  of  the  cere- 
brum is  smooth. 

The  cerebellum 
consists  of  two  lat- 
eral hemispheres, 
more  largely  developed  in  man  tlian  in  the  inferior  animals,  and  a  median 
lobe.  The  hemispheres  are  subdivided  into  smaller  lobes,  wliicli  it  is  unne- 
cessary to  descnbe.  Beneath  the  cerebellum,  bounded  in  front  and  below  by 
the  medulla  oblongata  and  pons  Varolii,  laterally,  by  the  superior  peduncles, 
and  above,  by  the  cerebellum  itself,  is  a  lozenge-shaped  cavity,  called  the 


Fio.  2^.— Cerebellum  atid  medulla  oblongata  (Hirschfeld). 
1,  corpus  dentatum  :  2,  pons  Varolii  :  3.  section  of  the  middle  [)eduncle  ; 
4,  4.  4,  4.  4,  4,  lamina>  rorminK  the  artx>r  vita*  ;  5,  5.  olivary-  IhkIv  of  the 
medulla  oblonc:ata  ;  6,  anterior  pyramid  of  the  medulla  oblongata  ;  7, 
upper  extremity  of  the  spinal  cord. 
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fourth  ventricle.  The  cram,  or  pethineles,  will  be  described  in  connection 
with  the  direction  of  the  fibres. 

The  gray  substance  of  the  convolutions  is  divided  quite  distinctly  into  nn 
internal  and  an  external  layer.  The  interned  layer  presents  an  exceedingly 
delicate  net- work  of  line  nerve-iibrcs  winch  pass  to  the  cells  of  the  external 
layer.  The  external  layer  h  somewhat  like  the  external  layer  of  gray  sub- 
stance of  the  ])osterior  lobes  of  the  cerebrnm  and  is  more  or  less  sharply  *li- 
vide<l  into  two  or  more  secondary  layers.  The  most  external  portion  of  this 
layer  contains  a  few  small  nerve-cells  and  fine  filanients  of  connective  tissue. 
The  rest  of  the  layer  contains  a  great  number  of  laro^e  cells,  ronnded  or  ovoid^ 
with  two  or  three  and  sometimes  four  prolongatiotis.  The  mcde  of  connec- 
tion between  the  nerve-celk  and  the  fibres  has  already  been  described  under 
the  head  of  the  t^enerul  structure  of  the  nervous  syst^^m. 

Diretlimii^  of  (he  Fibres  in  Ike  VereheUmn. — Fibres  from  the  gray  snb- 
stance  of  the  convolutions  and  their  prolongations,  and  from  the  corpus  denta- 
tum,  converge  to  form  the  three  cerebri lar  peduncles  on  either  side.  The 
superior  peduncles  pass  forward  and  njjward  to  the  crura  cerebri  and  the 
optic  thalami.  These  connect  the  cereheUum  with  the  cerebrum.  Beneath 
the  tubercular  r|ua(!rigemina,  some  of  these  tibres  decuss^ite  with  the  corre- 
sponding fibres  from  the  opjKisite  side;  so  that  certain  of  the  filn\*s  of  the 
superior  peduncles  pass  to  the  corresponding  side  of  the  cerebrum  and  others 
pass  to  tlie  cerebral  hemisphere  of  the  opiiot^ite  side.  The  connections 
between  the  cerebrum  and  the  cerebellum,  through  the  pons  Varolii,  have 
already  been  describml  (i^e  page  510). 

The  middle  peduncles  arise  from  the  I  a  tend  hemispheres  of  the  cerehel* 
him,  pass  to  the  pons  Varolii,  where  they  cross,  connecting  the  two  sides  of 
tlie  cere  helium. 

The  inferior  peduncles  pa*3  to  the  medulla  oblongata  and  are  continnoos 
with  the  restiform  botlies,  which,  in  turn,  are  continuations  ehieflj  of  the 
posterior  columns  of  tiie  spina!  eord. 

From  the  above  sketch,  the  phy^^iiological  significance  of  the  direction  of 
the  fihreg  is  sufficiently  evident.  By  the  superior  peduncles^  the  cerebellum 
is  connecttHi,  as  are  all  of  the  encephalic  ganglia,  with  the  cerebrum ;  by  the 
middle  peiluneles,  the  two  lateral  halves  of  the  cerebellum  are  intimati^y  con- 
nected with  e4ieh  other;  and  by  the  inferior  peduncles,  the  cerebellum  is 
connwted  with  the  posterior  columns  of  the  sjiinal  cord. 

Exiirpatum  of  the  ('ereMlum. — When  the  greatest  part  or  the  whole  of 
the  cerelx4him  is  removed  from  a  bird  or  a  mammal,  the  animal  being,  before 
the  operation,  in  a  perfectly  normal  condition  and  no  other  parts  being 
injured,  there  are  no  phenomena  constantly  aTul  invariably  observed  exct^pt 
certain  moditiealious  of  the  voluntary  movements  (Flourens).  The  intelli- 
gence, general  aiul  special  sensibility,  the  invuluntary  movements  and  the 
simple  faculty  of  voluntary  motion  remain.  The  movements  are  always 
exceedingly  irregular  and  ineo-ordinate ;  the  animal  can  not  maintain  its 
equilibrium;  and  on  account  of  the  impossibility  of  making  regular  move- 
ments, it  can  not  feed.     This  want  of  ef|uilibrium  and  of  the  power  of  co-or- 
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dinating  the  nniscles  of  tlie  geiieml  volwntary  system  causes  the  animal  to 
assume  the  mi>st  ubwiinl  antl  reiiiiykublt?  postures,  which,  to  one  accustomed 
to  these  experiments,  are  euLirely  ehariLct eristic.  Calling  this  want  of  equi- 
libration, of  co-ordination,  of  '-*'  muscular  sense,"  an  indication  of  vertigo,  or 
by  any  other  name,  the  faet  remains,  that  regular  and  eo-ordinate  muscular 
action  in  sUinding,  walking  or  Hying,  h  i  in  possible,  although  vohmtary  power 
is  retained.  It  is  well  known  that  many  nmscular  acts  arc  more  or  leas  auto- 
matic, as  in  standing,  and  to  a  certain  extent,  in  walking.  These  acts,  as 
well  as  nearly  all  voluntary  movements,  refpure  a  certain  co-ordination  of  the 
muscles,  and  this,  and  tliis  alone,  is  atfected  by  extirpation  of  the  cerebellum. 
It  is  true  that  destruction  of  the  semicircnhar  canals  of  the  interna!  ear  pro- 
duces analogous  disorders  of  movement,  hnt  this  is  the  only  nuUilatton,  except 
division  of  the  posterior  white  columns  of  tlie  spinal  cord,  which  produces 
anything  reseinbling  tlie  results  of  cerebellar  injury. 

When  a  portion  only  of  the  cerebellum  is  re  mo  veil,  there  is  slight  disturb- 
ance of  co-ordiuutioiu  and  the  disordered  movements  are  marked  in  propor- 
tion to  the  extent  of  the  injury.  After  extirpation  of  even  one-half  or  two- 
thirds  of  the  cerebellum,  the  disturbances  in  co-ordination  immediately  fol- 
lowing the  operation  may  disappear,  and  the  aninud  uuiy  entirely  recover, 
without  any  rcgcneratiim  of  the  extirpated  nerve-substance.  Tins  important 
fact  enables  one  to  undei'stand  how,  in  certain  casea  of  disease  of  the  cere- 
bellum in  the  human  subject,  when  the  disorganization  of  the  nerve-tissue 
is  slow  ami  gradual,  there  may  never  Ijc  any  disorder  in  the  movements. 

If  there  be  a  distinct  nerve-centre  which  presides  over  the  co-ordination 
of  the  general  voluntary  movements,  experiments  ujion  the  higher  classes  of 
animals  show  that  this  centre  is  situated  in  the  cerebellum.  If  the  cerebellum 
preside  over  co-ordination,  as  a  physiological  necessity,  the  centre  must  be 
connected  by  nerves  with  the  general  muscular  system.  If  this  connection 
exist,  a  complete  interruption  of  the  avenue  of  communication  between  the 
cerebelhim  antl  the  muscles  would  be  followed  by  loss  of  co-ordinating  power. 
From  the  anatomical  connections  of  the  cerebelhim,  it  aiipcars  that  the  main 
communication  between  this  organ  and  the  general  system  is  through  the 
fK)8terior  wiiitc  columns  of  the  s|>inal  cord.  These  colunms  are  not  for  the 
transmission  of  the  general  sensory  impressions,  and  there  is  no  satisfactory 
evidence  that  they  convey  to  the  encephalon  the  so-called  muscular  sense. 
When  the  posterior  wdiite  columns  are  divided  at  several  points,  there  is 
want  of  co-ordination  of  the  general  muscular  system.  W^hen  the  posterior 
white  columns  are  disorganizeii  in  the  human  subject,  there  is  loss  or  impair* 
ment  of  co-onlinating  }x>wcr,  even  though  tlie  general  sensibility  be  not  af- 
fected, as  in  the  disease  called  IcX'omotor  ataxia. 

Pafhological  Obiiervations, — Records  of  cases  of  lesion  of  the  cerebellum 
in  the  human  guhjei-»t  have  accumulated  until  the  number  is  very  large,  A 
study  of  cjises  in  wliich  the  phcnrmiena  referaltlc  to  cerebellar  injury  are  not 
complicated  by  j>aralysis,  coma  or  convulsions,  shows  that  serious  lesion  of 
the  mhidle  lol}e  is  almost  always  attendeii  with  marked  muscular  inco-ordina- 
tion.    Cases  in  which  only  a  portion  of  one  or  of  both  hemispheres  is  involved 
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may  not  present  any  disorder  in  the  muscular  movements-     Tlie»  bdia 
in  aceord  with  the  results  of  exiieriments  upon  the  lower  animals 

The  phenomena  observed  in  the  few  cases  of  cerebellar  im*o-opdiB4tiaB 
which  have  been  carefully  observed  are  noUibly  different  from  tho6e  praentid 
in  simple  locomotor  ataxia.  In  cerebellar  disease,  the  gait  u 
much  a8  it  is  in  alcoholic  intoxication.  The  chief  ditiiculty  eeeina  to  be  i 
maintaining  the  equilibrium  in  progression^  even  w4th  the  greater  care i 
closest  attention  on  tlie  part  of  the  patient.  AVith  the  idea  in  miiid 
there  is  a  co-ordinating  centre  for  the  muscles  of  progression,  and  thsit  Hm 
centre  acts  imperfectly,  it  seems  as  though  an  efficient  effort  at  co-ordinatiun 
were  impossible.  In  locomotor  ataxia,  patients  seem  to  make  co-oniiuatia 
efforts,  but  the  paths  by  which  these  efforts  find  their  way  to  the  muscles  i 
disturbed  and  the  co-ordinating  process,  which  is  more  or  le-ss  automittic  i 
health,  requires  ]reeuliar  care  an»l  attention.  By  tlie  aid  of  the  sense  of  *ig 
and  by  artificial  supports,  progression  may  be  safely  though  irrt'giilarly  nccon 
plished.  The  movements  are  jerky,  and  each  step  seems  to  require  a  dittin 
act  of  volition.  It  is  possible  to  imagine  that  in  disorganization  of  the  ] 
of  co-ordination  in  the  spinal  coi*d,  the  co-ordinating  centre  may  act  in  wrne 
degree  through  the  motor  paths  in  tlie  direct  and  crossed  pyramidal  tnrci 
of  the  cord.  It  is  certain  that  the  want  of  normal  co-ordinating  power  is 
supplemented  by  ordinary  voluntary  acts  and  by  the  sense  of  sight. 

Vertigo  is  not  a  necessary  accompaniment  of  cerebellar  ataxia-  DiitMv* 
of  the  semicircular  canals  of  the  internal  ear  (Menit^re's  disease)  is  attrtuici 
with  vertigo,  and  this  is  the  main  cause  of  the  disttirbances  of  equilibrium. 

Canmclion  of  the  CerebeUum  with  the  Generative  Ph  net  ion. — The  (ti 
that  the  cerebellum  is  the  centre  for  equilibration  and  the  co-ordinatiim  < 
certain  muscular  movements  does  not  necessarily  imply  that  it  has  no  \ 
otlice.     The  idea  of  ihiW,  tlmt  *'  the  cerebellum  is  the  organ  of  the 
of  generation,"   is  sufficiently  familiar;  and  there  are  facta  in  jmtlioloi 
which  show  a  certain  relation  between  this  nerve-centi*e  and  the  orgam^ 
generation,  although  the  view  that  it  presides  over  the  generative  functionj 
not  sustained  by  the  results  of  experiments  upon  animals  or  by  facta  in  i 
parative  anatomy. 

In  experiments  upon  animals  in  which  the  cerebellum  has  been  remotfili 
there  is  nothing  pointing  directly  to  this  part  as  the  organ  of  the  generttli 
instinct.     Flourens  removed  a  great  part  of  the  cerebellum  in  a  cock. 
animal  survived  for  eight  months.     It  was  put  several  times  with  hetw 
always  attempted  to  mount  them,  but  without  success,  on  account  of  ' 
equilibrium.     In  this  animal  the  testicles  were  enormous.     This  ob 
has  been  repeatedly  confirmed,  and  there  are  no  instances  in  which  the  i 
helium  has  been  removed  with  apparent  destruction  of  sexual  instinct 
a  comparison  of  the  relative  weiglits  of  the  cerebellum  in  stallions^  I 
and  geldings.  Leu  ret  found  that,  far  from  being  atrophied,  the  cerebelluin  in 
geldings  was  even  larger  than  in  either  stallions  or  mares. 

In  certain  cases  of  disease  or  injury  of  the  cerebellum,  irritation  of 
part  has  been  followed  by  persistent  erection  an«l  manifest  exaggrmtion 
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the  sexual  appetite,  and  in  others,  its  extensive  degeneration  or  destruction 
has  apparently  produced  atrophy  of  the  generative  organs  and  total  loss  of 
sexual  desire.  Serres  reported  several  cases  in  which  irritation  of  the  cere- 
bellum was  followed  by  satyriasis  or  nymphomania,  but  in  other  cases  there 
were  no  symptoms  referable  to  the  generative  organs.  In  the  well  known 
case  reported  by  Combette,  the  patient  had  the  habit  of  masturbation. 
Fisher,  of  Boston,  reported  (1838)  two  cases  of  diseased  or  atrophied  cere- 
bellum, with  absence  of  sexual  desire,  and  one  case  of  irritation,  with  saty- 
riasis. Similar  instances  have  been  given  by  other  writers.  The  observa- 
tions of  Budge,  in  which  mechanical  irritation  of  the  cerebellum  was  followed 
by  movements  of  the  uterus,  testicles  etc.,  have  not  been  satisfactorily  ex- 
plained. 

Although  there  are  many  facts  in  pathology  which  are  opposed  to  the 
view  that  the  cerebellum  presides  over  the  generative  function,  there  are 
cases  which  show  a  certain  connection  between  this  portion  of  the  central 
nervous  system  and  the  organs  of  generation  in  the  human  subject;  but  this 
is  all  that  can  be  said  upon  this  point.  It  is  certain  that  the  facts  are  not 
sufficiently  definite  and  invariable  to  sustain  the  notion  that  the  cerebellum 
is  the  seat  of  the  sexual  instinct. 

It  is  not  necessary  to  discuss  the  vague  theories  with  regard  to  the  uses 
of  the  cerebellum  advanced  by  writers  anterior  to  the  publication  of  the  ob- 
servations of  Flourens.  There  is  no  evidence  that  the  cerebellum  is  the 
organ  presiding  over  memory,  the  involuntary  movements,  general  sensibility 
or  the  general  voluntary  movements.  The  only  view  that  has  any  positive 
experimental  or  pathological  basis  is  that  itpresides  over  equilibration  and  the 
co-ordination  of  certain  muscular  movements,  and  is,  perhaps,  in  some  way 
connected  with  the  generative  function. 

Medulla  Oblongata  (Bulb). 

The  medulla  oblongata,  or  bulb,  connects  the  spinal  cord  with  the 
encephalic  ganglia.  It  is  composed  of  white  and  gray  matter  and  presents, 
in  its  substance,  a  number  of  important  nerve-centres.  It  is  not  necessary 
to  give  anything  like  a  complete  anatomical  description  of  the  medulla.  Its 
most  important  conducting  parts  are  those  which  are  continuous  with  the 
columns  of  the  cord  and  which  pjiss  to  the  cerebrum  and  cerebellum.  The 
nuclei  of  origin  of  certain  of  tlie  cranial  nerves  in  the  floor  of  the  fourth  ven- 
tricle have  already  been  mentioned. 

Physiological  Anatomy, — The  medulla  oblongata  is  pyramidal  in  form, 
with  its  broad  extremity  above,  and  rests  in  the  basilar  groove  of  the  occipital 
bone,  extending  from  the  lower  border  of  the  pons  Varolii  to  the  atlas.  It 
is  about  an  inch  and  a  quarter  (31*8  mm.)  in  length,  three-quarters  of  an 
inch  (19*1  mm.)  broad  at  its  widest  portion  and  half  an  inch  (12*7  mm.) 
thick.  It  is  flattened  antero-posteriorly.  Like  the  cord,  it  has  an  anterior 
and  a  posterior  median  fissure. 

Apparently  continuous  with  the  anterior  columns  of  the  cord,  are  the 
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two  anterior  pyramids,  one  on  either  eide.     Viewed  superficially,  flit*  m 
most  fibi'es  of  these  p>Tanvids  are  seen  to  decussate  in  the  inediiLn  lint;; 
if  the  fibres  be  traced  from  the  coi*d,  it  is  found  that  they  come  fmm  tinl 
crossed  pyramidal  tracts  of  the  latend  columns  and  that  none  of  llifnjii.t 
derived  from  the  anterior  columns.     The  fibrei?  of  the  external  portion  <<, 
the  anterior  pyramids  come  from  the  direct  pyramidal  tract ts  of  the 
At  the  site  of  the  decussation,  the  pyramids  are  comjK>3ed  entirely  of  vbiti 

matter;  but  as  the  fibres  sprejid  out  to  pan 
the  eneephalon  above>  they  present  nodaks 
gray  matti?r  between  the  faficiculL 

External  to  the  anterior  pyramidfk  are 
corpora  olivaria.     These  are  oral  and  an* 
rounded  by  a  distinct  groove.     Thev  are  vU 
externally  and  contain  a  gniy  nucleus 
the  corpus  dentatuui. 

External  to  the  corpora  olivaria,  are  Uw 
restifoiin  bodies,  formed  chiefly  of  white  mav 
ter  and  constituting  the  ]>ostero-lateral  pom 
of  the  medulla.  They  are  continuous 
the  posterior  white  columns  of  the  conl. 
restiform  bodies  spread  out  as  they 
and  pass  to  the  cerebellum,  forming  a 
I>ortionof  the  inferior  peduncles.  8«jme fibres 
from  the  restiform  bodies  (lass  to  the  os9- 
brum* 

Beneath   the  olivary  bodies  and  betv«en 
the  anterior  pyramids  and  tlie  restiform  li 
ies,  are  the  lateml  tracts  of  the  medulla,  m^ 
times  called  the  intermediary  or  lateral 

Tt0.2Sl,^AnteHor  vinrof  the  medulla    uU,    Or    the    funicuH    of    Rolaudo.        ThcS© 

I,  infundibuium ;  2,  tr,bpr  dowum :  compoeed  of  an  intimate  mixture  of  whil« 
Ji.^S^s^'^k'^^^^^  gray  matter  and  have  a  yellowish-gray 

They  receive  all  that  i)ortion  of   the  ani 
lateral  columns  of  the  conl  which  doea 
enter  into  the  composition   of    the   ante 
SSSSm^^tS;2:f!.S:T^i  jt   pyramids.     They  are  usually  described  as 
durm  mMer  of  the  cwii :  15.  optic  gf  the  restiform  bodies  but  thev  ar^  pecalii 

titiClji  :    111,  ehuii*nf»    of   tm*    optic  *  * 

nenrea;  ir,niot<>r*K'uii  i-oniiuutii^ ;    important,  from  the   fact   that   thev  contJ 

18,  paCtieticti-s  ;    1%  fifth  m^rvt-  ;  vU  ^ 

motor  ocTiH   oxt^-rnrj'^ :  2\.  fatiai   the   i^rav  centre   presidinsT   over   rcsniratio 
of  wris»  jrj'n>;eai   and  for  that  reason  they  are  here  describeal 

nerve;    -  _  ;  2ii,  36,  ,  •        •       i-  '  1 

sptnaJ    arct'SHnrv  ;    ^'t,  subHajnial    distinct  faSClCUll, 

nerve ;  iiS,  89,  ao«  cerrical  nenrea,  „,,  .■•/*.** 

1  he  posterior  pyramids  (funiculi , 
are  the  smallest  of  all.     They  pass  upward  to  the  cerebellum^  without  decui- 
sating,  joining  the  restiform  lx>dies  above.     They  are  composed  chiefly  j 
white  matter.     As  they  piss  upward  in  the  medulla,  they  diverge,  leavis 
apace  at  the  fourth  ventricle. 


of  Ihe  middle  |X'dimclf  <*f  the  cvr**- 
bell  mil  ;  7,  anfmor  pyrmHifin  *>/ 
thf  mefiutfn  itNoitt/*ifn  ;  H,dfcnji*a- 
tuftt  of  thf-  antertttr  j*jfntHiidit  ;  &♦ 
olivary  btxli*r»  ,'  10,  rtntifom^  ImhI- 
ies;   II,  a  re  I  form  pbnrjt  ;  12,  tjpp«*r 
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The  fourth  vcnitricl©  is  the  cavity  h^tween  the  pons  Varolii^  the  medulla 
oMniigata  and  cerebellum*  It  is  lozenge-shu}jed,  tlie  aiiute  angles  being 
above  aiid  below.  The  upper  angle  extt^uds  to  the  upper  burder  of  the 
jMinis  and  the  lower  angle,  to  the  lower  border  of  the  olivary  bodies.  The 
trijiUL'k'S  wlik'h  form  this  lozenge  are  of  nearly  equal  size.  Th«  superior 
Irijiugie  is  bounded  laterally  by  the  superior  peduiules  of  the  cerebellum,  as 
they  converge  to  meet  at  the  corpora  quadrigemiua.  The  inferior  triangle 
is  bounded  laterally  by  the  fonifidi  graciles  and  the  restiform  bodies  of 
the  medulla,  which  diverge  at  it.s  lower  angle*  Tiie  arehed  nxjf  of  the  ven- 
tricle is  formed  by  the  valve  of  Vieusaens,  which  is  stretched  between  the 
superior  peduncles  of  the  cerebellum  and  covers  the  anterior  triaugk^ 
and  the  cerebetlum,  which  covers  tlie  |K)st4?rior  triangle.  Beneiith  the 
eerebellum,  h  a  reflection  of  the  pia  mater.  The  fourth  ventricle  com- 
municates  ahovo  with  the  third  ventricle,  by  the  aqueduct  of  Sylvius,  below 
with  the  subarachnoid  space,  by  the  fommen  of  Miigcudie,  and  by  a  small 
opening  below  with  the  ceutral  canal  of  the  cord.  The  floor  of  the  ventri- 
cle is  formed  by  tlie  posterior  surface  of  the  pons  above  and  the  medulla 
below.  It  presents  a  fissure  in  the  median  line,  which  terminates  below 
in  the  calamus  scriptorius.  By  llie  i^ides  of  the  median  fissure,  are  the 
^laseiculi  teretes,  which  correspond  to  the  intermediary  fasciculi  of  tlie  me- 
dulla. Little  eminences  in  the  floor  indicate  the  sitimtion  of  nuclei  of 
origin  of  cmnial  nerves.  The  flo^Jr  is  composed  mainly  of  a  layer  of  gray 
tiiatt<3r^  continuous  with  the 
jrajr  commissure  of  the  cord. 
IThe  lower  portion  of  the  floor 
|U  marked  by  transverse  lines 
Df  white  matter  emerging  from 
the  median  Assure. 

The  two  latei-al  halves  of 
Ihe  posterior  portion  of  tlie 
Inedulla  are  connected  mgetlier 
by  fibres  arising  from  the  gray 
matter  of  the  lateral  tracts,  or 
intermcfliary  fasciculi,  passing 
obliquely,  in  a  curved  direction 
irom  behind  forward,  to  tlie 
raphe  in  the  median  line.  There 
are  also  fibres  passing  from  be- 
fore backward^  to  form  ri  pos- 
terior commissure,  and  fibres 
arising  from  the  cells  of  the 
olivary  bodies,  which  connect 
Ihe  gray  substance  of  the  hitcnd  halves.  Commissural  fibres  ala**  connect  t!ie 
^ray  matter  of  the  lateral  tracts  with  the  corpora  dentata  of  the  olivary  hod- 
ies,  and  the  olivary  bodies  with  the  cerebellum,  their  fibres  forming  part,  of 
tlie  inferior  peduncles  of  the  cerebellum.     In  addition  it  is  probable  that 


Fro.  sa^— Floor  of  ihf  fourth  ventrich  <Hir»vctifHrJ). 
I,  incillan  ftefni^     i.  ....  .,,(^  ^|,^,  fasrf^v"  t— .......      *  'rnnn- 

hiin :  4,  v  iniirl  ^fimi*  ,  b«* 

lienor  pnHtutiii.-^uii^iitnh of  theci-i>'i»^  pium  ,  '-.  -,  l>.in4t» 
to  tht-  side  of  the  crura  i?en*hrl  ;  7,  7.  Utt* i  ai  grciovr'»  of 
the  crura  otTt*bri ;  8.  oorp«>rii  quailHj^niiuji. 
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fibres,  taking  their  origin  from  all  of  the  gray  nodules  of  the  medulla,  pu 
to  the  parts  of  the  encephalon  situated  above. 

The  uncrossed  pyramidal  tracts  of  the  spinal  cord  (columns  of  TuTtk)! 
pass  to  the  encephalon,  by  diref^t  fibres  situated  at  the  outer  border  of  ibi 
anterior  pyraniids  of  the  medulla. 

The  crossed  pyramidal  tracts  of  the  cord  decussate  in  the  lower 
of  the  medulla  and  constitute  the  greatest  part  of  the  anterior  pTraim<k 

Fibres  from  the  anterior  fundamental  fasciculi,  the  anterior  mliadir' 
zone  and  fiom  the  mixed  lateral  columns  of  the  cord,  probably  pun  to  the 
gray  matter  of  the  medulla. 

The  direct  cerebellar  fasciculi  of  Uie  cord  are  oontinuoiis  with  thei 
all  graciles  of  the  medulla. 

The  columns  of   Buixlach  are  continuous  with  the  restiform  borlk*  ( 
the  medulla. 

The  columns  of  Goll  pass  to  the  medulla  and  are  lost  in  the 
gracdea. 

As  far  as  the  fibres  of  origin  of  the  cranial  nerves  are  concerned,  it  toiy 
be  stated  in  general  terms  that  a  number  of  the  motor  roots  arise  froni 
the  gray  matter  of  the  floor  of  the  fourth  ventricle,  the  roots  of  the 
aory  nerves  arising  from  gray  matter  in  the  posterior  portions. 

Uses  op  the  Medllla  Obloxoata, 

It  is  hardly  necessary  to  discuss  the  action  of  the  medulla  ol)lon| 
conductor  of  sensory  impressions  and  of  motor  stimulus  Ui  and  from 
brain.  It  is  evident  that  there  is  conduction  of  this  kind  fmm  tlie  fpin 
cord  to  t!ie  ganglia  of  the  encephalon,  and  this  must  take  place  thn>Ui:b  i 
medidla ;  a  fact  which  is  inevitable,  from  its  anatomical  relations^  and  wiiii( 
is  demonstrated  by  its  section  in  living  animals.  Nor  is  it  i 
dwell  ujrou  the  general  properties  of  the  medulla,  in  which  it  re$emblo  ibi 
spinal  cord,  at  least  as  far  as  has  been  demonstrated  by  experiments  upon 
living  animals  or  upon  animals  just  killed.  It  is  difficult  to  expose  this  piut 
in  the  higher  clas.ses  of  animals,  but  experiments  show  that  it  is 
on  its  posterior  surface  and  insensible  in  front.  The  dilliculty  of  oC 
the  phenomena  which  follow  its  stimulation  in  living  animals  has  reode 
it  impossible  to  determine  the  limits  of  its  excitability  and  seoaibilitT  i 
exactly  as  has  bwn  done  for  the  different  portions  of  the  cord- 
It  is  also  somewhat  difficult  to  determine  whether  the  action  of  the  i 
dulla  itself,  in  its  relations  to  motion  and  sensation,  be  crossed  or  direct. 
regards  conduction  from  the  brain,  the  direction  is  sufficiently  well  sho 
by  cases  of  cerebral  ilisease,  in  winch  the  paralysis,  in  simple  lesions,  is  ] 
the  opposite  side  of  the  l>ody. 

The  action  of  the  medulla  as  a  reflex  ner\'e-eentre  depends  upon  its  | 
matter*     When  this  gray  substance  is  destroyed^  certiiin  important  reflex 
phenomena  are  instantly  abolished.     Frotn  its  connection  with  variooai 
the  cranial  nerves,  one  would  ex|>ect  it  to  play  an  important  part  in  I 
movements  of  the  face,  in  deglutition,  in  the  miction  of  the  heart  and  of  v« 
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0118  glands  etc.,  important  points  which  are  fully  considered  in  their  appro- 
priate place.  The  various  reflex  centres  in  the  medulla  have  been  located 
chiefly  by  a  study  of  the  relations  of  the  gray  matter  to  the  deep  fibres  of 
origin  of  certain  of  the  cranial  nerves.  The  centre  for  the  orbicularis  oculi 
muscle  is  related  to  the  origin  of  the  large  root  of  the  fifth  nerve  and  the 
origin  of  the  facial ;  and  the  integrity  of  these  two  nerves  is  necessary  to  the 
reflex  act  of  closure  of  the  eyelids.  The  impression  which  produces  the  act 
of  sneezing  is  conveyed  to  the  medulla  through  the  nasal  branch  of  the 
fifth — ^possibly  sometimes  through  the  olfactory  nerves — and  excites  certain 
of  the  expiratory  muscles.  Impressions  conveyed  to  the  medulla  by  certain 
sensory  branches  of  the  pneumogastrics  give  rise  to  the  reflex  acts  of  cough- 
ing. The  reflex  acts  of  swallowing  and  vomiting  also  depend  upon  centres 
in  the  medulla  oblongata.  There  are  centres,  also,  which  influence  the 
glycogenic  action  of  the  liver,  the  secretion  of  saliva  and  the  secretion  of 
sweat  The  vaso-motor  centres  will  be  considered  in  connection  with  the 
physiology  of  the  vaso-motor  nerves.  The  centres  connected  with  respira- 
tion are  so  important  that  they  demand  special  description. 

Respiratory  Nerve-Centre. — In  1809,  Legallois  made  a  number  of  ex- 
periments upon  rabbits,  cats  and  other  animals,  in  which  he  showed  that 
respiration  depends  upon  the  medulla  oblongata  and  not  upon  the  brain ; 
and  he  farther  located  the  part  which  presides  over  the  respiratory  move- 
ments, at  the  site  of  origin  of  the  pneumogastric  nerves.  Flourens,  in  his 
elaborate  experiments  upon  the  nerve-centres,  extended  the  observations  of 
Legallois,  and  limited  the  respiratory  centre  in  the  rabbit,  between  the  upper 
border  of  the  roots  of  the  pneumogastrics  and  a  plane  situated  about  a  quar- 
ter of  an  inch  (6*4  mm.)  below  the  lowest  point  of  origin  of  these  nerves; 
these  limits,  of  course,  varying  with  the  size  of  the  animal.  Following  these 
experiments,  Longet  has  shown  that  the  respiratory  centre  does  not  occupy 
the  whole  of  the  medulla  included  between  the  two  planes  first  indicated  by 
Flourens,  but  that  it  is  confined  to  the  gray  matter  of  the  lateral  tracts,  or 
the  intermediary  fasciculi.  This  was  demonstrated  by  the  fact  that  respi- 
ration persists  in  animals  after  division  of  the  anterior  pyramids  and  the 
restiform  bodies.  Subsequently,  Flourens  restricted  the  limits  of  the  respir- 
atory centre  and  fully  confirmed  the  observations  of  Longet. 

The  portion  of  the  medulla  oblongata  above  indicated  presides  over  the 
movements  of  respiration  and  is  the  true  respiratory  nerve-centre.  Nearly  all 
who  have  repeated  the  ex|)eriments  of  Flourens  have  found  that  the  spinal 
cord  may  be  divided  below  the  medulla  oblongata,  and  that  all  of  the  en- 
cephalic ganglia  above  may  be  removed,  respiratory  movements  still  persist- 
ing. It  is  a  very  common  thing  in  vivisections  to  kill  an  animal  by  break- 
ing up  the  medulla.  When  this  is  done  there  are  no  struggles  and  no  mani- 
festations of  the  distress  of  asphyxia.  The  respiratory  muscles  simply  cease 
their  action,  and  the  animal  loses  instantly  the  sense  of  want  of  air.  A 
striking  contrast  to  this  is  presented  when  the  trachea  is  tied  or  when  all 
of  the  respiratory  muscles  are  paralyzed  without  toucliing  the  medulla. 

The  relations  of  the  respiratory  centre  have  already  been  fully  considered 
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in  coTinectioTi  with  the  physsiology  of  re^<?pi  nit  ion.     ITnder   norwal  «>Tt<}i. 
tions,  the  centres  on  the  two  sides  probably  operate  through  the  pneuim»g5iik  I 
trie  nerves  and  the  respiratory  movements  on  the  two  sides  are  synchrorwimj 
Thtit  there  i^  a  respiratory  centre  od  either  side,  is  shown  by  the  < 
of  dividing  tlie  niedulla  longitudinally  in  the  median  line,  the  n^ 
movements  aftenn^ard  oontinuing  with  regularity.     If,  now,  the  piw-uniy 
trie  be  divided  on  one  side,  the  respiratory  movements  on  that  side  beixwiitl 
slower  and  are  no  longer  synchronous  with  the  movement-sun  the  eppoeiti ' 
side.     This  shows  that  while  the  respiratory  centres  on  the  two  sides  oor- 
mally  act  together,  being  undoubtedly  connected  with  each  other  bv  rnm- 
mis^ural  fibres,  each  one  has  indejjendent  connections  with  tiic  piieumi>- 
Btrie  on  the  corresponding  side  of  the  botiy. 
Cardiac  Cenireff, — There  can  b€  scarcely  any  doubt  with  regard  to 
existence  of  cardiac  centi'es  in  the  medidla — ^{lerhaps  an  inhibitory  cenu 
and  an  accelcratory  centre — but  the  situation  of  these  centres  has  not 
exactly  determined.     The  influence  of  the  nerves  and  nerve-centres  orer  i 
movements  of  the  heart  has  been  fully  considered  in  connection  with 
physiology  of  the  circulation. 

Vital  Point  {m  called). — Since  it  has  been  definitely  ascertiitoed  ihil^ 
destruction  of  a  restricted  portion  of  the  gray  substance  of  the  nunlu 
produces  instuntanetnis  and  permanent  arrest  of  the  respimtory  movemen 
Flourens  and  others  Imve  called  this  centre  the  vital   knot*  destructioB \ 
wiiich  is  immediately  followed  by  death*     With  the  exbting  knowledg 
properties  and  uses  of  the  ditlerent  tissues  and  organs  of  wliich  the  1 
composed,  it  is  almost  unnecessary  to  present  any  arguments  to  show  theun 
philosophical  character  of  such  a  proposition.     One  can  hardly  Imagine  swdll 
a  thing  as  instantaneous  death  of  the  entire  organism  ;  and  still  less  eitn  it  bj 
assumed  that  any  restricted  portion  of  the  nervous  system  is  the  one,  essential 
vital  point.     Probably,  a  very  powerful  electric  discharge  passed  through  thfi 
entire  ce re bro- spinal  axis  produces  the  nearest  approach  to  instantanwoij 
death  ;  but  even  then  it  is  by  no  means  certain  that  some  parts  do  not  foril 
time  retain  their  physiological  proi)erties.     In  apparent  death,    " 
and  the  heart  may  be  shown  to  retain  their  characteristic  pro]»< 
muscles  will  contract  under  stimulus,  and  will  appropriato  oxygen  and  ginl 
oil  carbon  dioxide,  or  respire  ;  the  glands  may  be  made  to  seci-et€»  etc- ;  i 
no  one  can  assume  that  under  these  conditions,  the  entire  organism  b  Ji« 
There  seems  to  be  no  such  thing  as  death,  except  as  the  various  tissues  m\ 
organs  which  go  to  make  up  the  entire  body  become  so  alt4?red  as  to  l<3« 
their  physiological  projicrties  beyond  the  possibility  of  restomtion;  and  tliii 
never  occui^s  for  all  parts  of  tlie  organism  in  an  instant.     A  person  dr^iwud 
may  be  to  all  appearances  dead,  and  would  certainly  die  without  mm^un 
for  restoration  ;  yet  in  sucli  instances,  restoration  may  be  accomplishe«i*  i 
|ieriod  of  apparent  dcatli  being  simply  a  blank,  as  far  as  the  recollection  i 
the  individual  is  concerned.     It  is  as  utterly  impfjssible  to  determine  tbc< 
act  instant  when  the  vital  principle,  or  whatever  it  may  be  culled,  leavee 
body  in  deaths  as  to  indicate  the  time  when  the  organism  becomos  a  livis 
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being.  Death  is  nothing  more  than  a  pernianent  destruction  of  so-called 
vital  physiological  propurties ;  and  thia  occurs  successively,  and  at  different 
times,  for  di  tie  rent  tissues  and  organs. 

When  it  is  seen  that  frogs  will  live  for  weeks,  and  isometimes  for  months, 
after  destruction  of  the  medulla  oblongata,  and  that  in  mammals,  by  keep- 
ing up  artificial  rei^pi ration,  many  of  tlie  most  important  plvvsi*;logieal  acts, 
such  as  the  movements  of  the  heart,  may  be  prolonged  for  hours  after  de- 
capitation, one  can  understand  the  ph3'sioIogieal  absurdity  of  the  proposition 
that  there  is  any  such  thing  as  a  vital  point,  in  the  medulla  or  in  any  part  of 
the  nervous  system. 

There  is  little  to  be  said  concerning  certain  ganglia  and  other  parts  of 
the  brain  tiiat  have  not  vet  been  considered.  The  olfactory  ganglia  preside 
over  oIfac^tion  and  will  be  treated  of  fully  in  connection  with  the  special 
senses.  The  pineal  gland  and  the  pituary  body,  in  their  structure,  present  a 
certain  resemhlunce  to  the  ductless  glands,  and  their  anatomy  Ikis  been  con- 
sidered in  auutber  eha|>ter.  Passing  over  Ihe  purely  theoretical  views  of  the 
older  vriters,  who  had  very  indefinite  ideas  of  the  action  of  any  of  the  en- 
cephalic ganglia,  it  can  only  be  said  thjit  the  uses  of  the  pineal  gland  and 
pituitary  hotly  in  the  economy  are  entirely  unknown.  The  same  rcmiirk 
applies  to  the  cor^ius  callosura,  the  septum  lucidum,  the  ventricles,  hippo- 
campi and  various  other  parts  that  are  necessarily  described  in  anatomical 
works.  It  is  useless  to  discuss  the  early  or  even  the  recent  sjK^culations  with 
regard  to  the  uses  of  these  parts,  which  are  entirely  unsupported  by  experi- 
mental or  pathological  facts  and  which  have  not  advanced  positive  knowledge. 

ROLLIN'G    AXD    TL'KNING     MOVEMENTS     FOLLOWIXL*    INJURY    OF    CeKTAIN 

Parts  of  the  Encephalox. 

The  remarkable  movements  of  rolHng  and  turning,  produced  by  section 
or  injury  of  certain  of  the  commissural  fibres  of  the  encetduilon,  are  not  very 
important  in  their  bearing  upon  the  uses  of  the  brain,  and  they  are  rather  to 
be  classed  among  the  curiosities  of  experimental  physiology.  These  move- 
ment's follow  unilat4*ral  lesions  and  are  dependent,  to  a  certain  extent,  upon 
a  consequent  inequality  in  the  power  of  the  muscles  on  one  side,  without 
actual  pandysis.  Vnlpian  has  enumerated  the  following  parts,  injury  of 
which,  upon  one  side,  in  living  animals,  may  determine  movements  of 
rotation : 

**1.  Cerebral  hemispheres; 

**  2.  Corjwra  striata ; 

"3.  Optic  tbalami  (Flourens,  Longet,  Schiff)j 

"4.  Cerebral  peduncles  (Longet); 

"  5*  Pons  Varolii ; 

**6,  Tubercula  (|uadrigemina,  or  bigemina  (Flourens) ; 

"  7.  Peduncles  of  the  cerebellum,  especially  the  middle,  and  the  lateral  por- 
tions of  the  cerebellum  (Magendie) ; 

"  8,  Olivary  bcdies,  reetiform  bodies  (Magendie) ; 
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"  9.  External  part  of  the  anterior  pyramids  (Magendie) ; 

"  10.  Portion  of  the  medulla  from  which  the  facial  nerve  arises  (Brown- 
Sequard) ; 

"  11.  Optic  nerves; 

"  12.  Semicircular  canals  (Flourens) ;  auditory  nerve  (Brown-Sequard).'' 

To  the  parts  above  enumerated,  Vulpian  added  the  upper  part  of  the 
cervical  portion  of  the  spinal  cord. 

The  movements  which  follow  unilateral  injury  of  the  parts  mentioned 
above  are  of  two  kinds ;  viz.,  rolling  of  the  entire  body  on  its  longitudinal 
axis,  and  turning,  always  in  one  direction,  in  a  small  circle,  called  by  the 
French  the  movement  of  manege.  A  capital  point  to  determine  in  these 
phenomena  is  whether  the  movements  be  due  to  paralysis  or  enfeeblement 
of  certain  muscles  upon  one  side  of  the  body,  to  a  direct  or  reflex  irritation 
of  the  parts  of  the  nervous  system  involved  or  to  both  of  these  causes  com- 
bined. The  experiments  of  Brown-Sequard  and  others  show  that  the  move- 
ments may  be  due  to  irritation  alone,  for  they  occur  when  parts  of  the  en- 
cephalon  and  the  upper  portions  of  the  cord  are  simply  pricked,  without 
section  of  fibres.  When  there  is  extensive  division  of  fibres,  it  is  probable 
that  the  effects  of  the  enfeeblement  of  certain  muscles  are  added  to  the  phe- 
nomena produced  by  simple  irritation.  The  most  satisfactory  explanation 
of  these  movements  is  the  one  proposed  by  Brown-Sequard,  who  attributed 
them  to  a  more  or  less  convulsive  action  of  muscles  on  one  side  of  the  body, 
produced  by  irritation  of  the  nerve-centres.  He  regarded  the  rolhng  u 
simply  an  exaggeration  of  the  turning  movements,  and  places  both  in  the 
Siime  category. 

It  is  not  necessary  to  enter  into  an  extended  discussion  of  the  above  ex- 
periments. In  some  of  them,  the  movements  have  been  observed  towanl 
the  side  operated  upon,  and  in  others,  toward  the  sound  side.  These  differ- 
ences probably  depend  upon  the  fiict  that  in  certain  experiments,  the  fibres 
are  involved  before  their  decussation,  and  in  others,  after  they  have  crossed 
in  tlie  median  line.  In  some  instances,  the  movements  may  be  due  to  a  reflex 
action,  from  stimulation  of  atlerent  fibres,  and  in  others,  the  action  of  the 
irritation  may  be  direct.  Judging  from  the  fact  that  most  of  the  encephalic 
commissural  fibres  are  apparently  insensible  and  inexcitable  under  direct 
stimulation,  it  is  probable  that  the  action  generally  is  reflex. 
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CHAPTER  XX. 

SYMPATHETIC  NERVOUS  SYSTEM-ASLEEP. 

Oenenl  tmngement  of  the  sympatbeUc  system— General  properties  of  the  sjmpattaetlc  ganglia  and  nerves 
—Direct  experiments  on  the  sympathetic— Vaso-motor  centres  and  nerves— Reflex  vaso-motor  phenom- 
ena—Vaso-inhibitory  nerves— Trophic  centres  and  nerves  (so-called)— Sleep—Condition  of  the  brain 
and  nervons  system  during  sleep— Anesthesia  and  sleep  produced  by  pressure  upon  the  carotid  arteries 
;— Differences  between  natural  sleep  and  stupor  or  coma— Regeneration  of  the  brain-substance  during 
sleep— Condition  of  the  organism  during  sleep. 

Like  the  cerebro-spinal  system,  the  sympathetic  is  composed  of  centres, 
or  ganglia,  and  nerves,  at  least  as  far  as  can  be  seen  from  its  anatomy.  The 
ganglia  contain  nerve-cells,  most  of  which  differ  but  little  from  tlie  cells  of 
the  encephalon  and  spinal  cord.  The  nerves  are  composed  of  fibres,  some 
of  which  are  nearly  identical  in  structure  with  the  ordinary  motor  and  sen- 
sory fibres,  while  many  are  the  so-called  gelatinous  fibres.  The  fibres  are 
connected  with  the  nerve-cells  in  the  ganglia,  and  the  ganglia  are  connected 
with  each  other  by  commissural  fibres.  These  ganglia  constitute  a  continu- 
ous chain  on  either  side  of  the  body,  beginning  above,  by  the  ophthalmic  gan- 
glia, and  terminating  below  in  the  ganglion  impar.  It  is  important  to  note, 
however,  that  the  chain  of  sympathetic  ganglia  is  not  independent,  but  that 
each  ganglion  receives  motor  and  sensory  filaments  from  the  cerebro-spinal 
nerves,  and  that  filaments  pass  from  the  sympathetic  to  the  cerebro-spinal 
sj-stem.  The  general  distribution  of  the  sympathetic  filaments  is  to  mucous 
membranes — ^and  possibly  to  integument — to  non-striated  muscular  fibres, 
and  particularly  to  the  muscular  coat  of  the  arteries.  As  far  as  has  been 
shown  by  anatomical  investigations,  there  are  no  fibres  derived  exclusively 
from  the  sympathetic  which  are  distributed  to  striated  muscles,  except  those 
which  pass  to  the  muscular  tissue  of  the  heart.  Near  the  terminal  filaments 
of  the  sympathetic,  in  most  of  the  parts  to  which  these  fibres  are  distributed, 
there  exist  large  numbers  of  ganglionic  cells. 

The  general  arrangement  of  the  sympathetic  ganglia  and  the  distribution 
of  the  nerves  may  be  stated  very  briefly ;  but  a  knowledge  of  certain  anatom- 
ical points  is  indispensable  as  an  introduction  to  an  intelligent  study  of  the 
physiology  of  this  system. 

In  the  cranium,  are  the  four  cranial  ganglia;  the  ophthalmic,  the  spheno- 
palatine, the  otic  and  the  submaxillary.  In  the  neck,  are  the  three  cervical 
ganglia;  the  superior,  middle  and  inferior.  In  the  chest,  are  the  twelve  tho- 
racic ganglia,  corresponding  to  the  twelve  ribs.  The  great  semilunar  ganglia, 
the  largest  of  all  and  sometimes  called  the  abdominal  brain,  are  in  the  abdo- 
men, by  the  side  of  the  coeliac  axis.  In  the  lumbar  region,  in  front  of 
the  sj)inal  column,  are  the  four  lumbar  ganglia.  In  front  of  the  sacrum,  are 
the  four  or  five  sacral,  or  pelvic  ganglia;  and  finally,  in  front  of  the  coccyx, 
is  a  small,  single  ganglion,  the  last  of  the  sympathetic  chain,  called  the  gan- 
glion impar.  Thus,  the  symj)athetic  cord,  as  it  is  sometimes  called,  consists 
of  twenty-eight  to  thirty  ganglia  on  either  side,  terminating  below  in  a 
single  ganglion- 


Cranial  GamjUa.^^Xw  ophtlutlmic,  letiticiilar,  or  ciliary  ganglion  ib  sif^ 
iiated  dwply  in  the  orbit,  i^  of  a  reddisli  color  and  about  the  size  of  a  pinV 
head.  It  receives  a  rni>tor  bnincli  from  the  third  pair  and  sensory  filaments 
from  the  naaal  branch  of  the  ophthalmic  division  of  the  fifth.  It  is  also 
connected  with  the  eavernons  pk*xus  and  with  Meckers  ganjjflion.  Its  so- 
c^Uled  motor  and  sensory  roots  from  the  third  and  the  fiftli  ]mir  have  already 
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been  described  in  connection  with  these  nerves.     Its  filaments  of  di? 
ftre  the  ten  or  twelve  short  ciliary  nerves,  which  pass  to  the  ciliary  mi 
the  iria     A  very  delicate  filament  from  this  ganglion  passes  to  the  eye,  with 
the  central  artery  of  the  retina,  in  the  canal  in  the  centre  of  the  optic  neire. 

The  uses  of  the  ophthalmic  ganglion  are  related  mainly  to  the  action  of 
the  ciliary  muscle  and  iris ;  and  it  is  only  neeeasary  here  to  indicate  its  am- 
tomical  relations,  leaving  its  physiology  to  be  taken  up  in  connectioii  lii 
the  physiology  of  the  sense  of  sight. 

The  spheno-palatine,  or  MeckePg  ganglion^  is  tlie  largest  of  the  ci 
ganglia.  It  is  triangidar  in  shape,  reddish  in  color,  and  is  sitnalM]  in  t 
spheno-maxillary  fossa,  near  the  spheno-palatine  foramen.  It  receives  a  mi 
tor  root  from  the  facial,  by  the  Vidian  nerve.  Its  sensory  roots  are  the  twn 
spheno-palatine  branches  from  the  superior  maxillary  division  of  the  Mik 
It  has  a  large  number  of  branches  of  distribution.  Two  or  three  delicate 
filaments  enter  the  orbit  and  go  to  its  periosteum*  Its  other  branches,  which 
it  is  unnecessary  to  describe  fully  in  detail,  are  distributed  to  the  gumSt  the 
membrane  covering  the  hard  palate,  the  soft  palate,  the  uvula,  the  roof  of  tii? 
mouth,  the  tonsils,  the  mueous  membrane  of  the  noee,  the  middle 
meatus,  a  portion  of  the  pharyngeal  mucous  membrane,  and  the  leval 
and  azygos  uvulte  muscles.  It  is  probable  that  the  filaments  sent 
two  striated  muscles  are  derived  from  the  fati-ial  nerve  and  do  not  properlf 
belong  to  the  sympathetic  system.  The  ganglion  also  sends  a  short  bi 
of  a  reddish-gray  color,  to  the  carotid  plexus. 

The  otic  ganglion,  sometimes  called  Arnold's  ganglion,  i?^  a  ^mal!^ 
reddish-gi^ay  mass,  situated  just  below  the  foramen  ovale.     It  rerei\e^ii 
tor  filament  from  the  facial  and  sensory  filaments  from  branches  of  the  fif4| 
and  the  glosso-pharyngeal.     Ita  filaments  of  distribution  go  to  the  mu' 
membrane  of  the  tympanic  cavity  and  Eustachian  tube  and  to  the  tensor  t) 
pani  and  tensor  palati  muscles.     Reasoning  from  the  general  mode  of  diistn'l 
tion  of  the  sympathetic  filaments,  those  going  to  the  striated  muscles  «it  d^- 
rived  from  the  facial.     It  also  sends  branches  to  the  carotid  plexus. 

The  submaxillary  ganglion,  situated  on  the  submaxillary  gland,  \i 
rounded,  and  reddish-gray  in  color.  It  receives  motor  filaments  from  tin? 
chorda  tympani  and  sensory  filaments  from  the  Ungual  branch  of  the  fiftk 
Its  filaments  of  distribution  go  to  Wharton's  duct,  to  the  mueouB  membnuMJ 
of  the  mouth  and  to  the  submaxillary  gland. 

Cerincal  Ganglia, — The  three  cervical  ganglia  are  situated  opposite  the 
third,  fifth  and  seventh  cervical  vertebne  respectively.     The  midrl"' 
is  sometimes  wanting,  and  the  inferior  ganglion  is  occa^iionally  i 
the  first  thoracic  ganglion.     These  ganglia  are  connected  togethejr  by  the 
called  sympathetic  conl.     They  have  a  numl>er  of  filaments  of  commaoi 
tion  above,  with  the  cranial  and  the  cervical  nerves  of  the  cerebro-spinal 
tern.     Branches  from  the  superior  ganglion  go  to  the  internal  carotid, 
form  the  carotid  and  the  cavernous  plexus,  following  the  vessels 
branch  to  their  distribution.     Branches  from  this  ^mglion  pass  to  the 
uial  ganglia.     There  are  also  branches  which  unite  with  filaments  from 
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pnemnogastric  and  the  glosso-pharyngeal  to  form  the  pharyngeal  plexus,  and 
branches  which  form  a  plexus  on  the  external  carotid,  the  vertebral  and  the 
thyroid  arteries,  following  the  ramifications  of  these  vessels. 

From  the  cervical  portion  of  the  sympathetic  the  three  cardiac  nerves 
arise  and  pass  to  the  heart,  entering  into  the  formation  of  the  cardiac  plexus. 
The  superior  cardiac  nerve  arises  from  the  superior  ganglion ;  the  middle 
nerve,  the  largest  of  the  three,  arises  from  the  middle  ganglion  or  from  the 
sympathetic  cord,  when  this  ganglion  is  wanting;  and  the  inferior  nerve 
arises  from  the  inferior  cervical  ganglion  or  the  first  thoracic.  These  nerves 
present  frequent  communications  with  various  of  the  adjacent  cerebro-spinal 
nerves,  penetrate  the  thorax,  and  form  the  deep  and  superficial  cardiac  plex- 
uses and  the  posterior  and  the  anterior  coronary  plexuses.  In  these  various 
plexuses,  there  are  found  gangliof orm  enlargements ;  and  upon  the  surface 
and  in  the  substance  of  the  heart,  are  collections  of  nerve-cells  connected 
with  the  fibres. 

Thoracic  Oanglia. — The  thoracic  ganglia  are  situated  in  the  chest,  be- 
neath the  pleura,  and  rest  on  the  heads  of  the  ribs.  They  are  usually  twelve 
in  number,  but  occasionally  two  are  fused  into  one.  They  are  connected  to- 
gether by  the  sympathetic  cord.  They  each  communicate  by  two  filaments 
with  the  cerebro-spinal  nerves.  One  of  these  is  white,  like  the  spinal  nerves, 
and  probably  passes  to  the  sympathetic,  and  the  other,  of  a  grayish  color,  is 
thought  to  contain  the  true  sympathetic  filaments.  From  the  upper  six  gan- 
glia filaments  pass  to  the  aorta  and  its  branches.  The  branches  which  form 
the  posterior  pulmonary  plexus  arise  from  the  third  and  fourth  ganglia. 
The  great  splanchnic  nerve  arises  mainly  from  the  seventh,  eighth  and  ninth 
ganglia,  receiving  a  few  filaments  from  the  upper  six  ganglia.  This  is  a  large, 
white,  rounded  cord,  which  penetrates  the  diaphragm  and  passes  to  the  semi- 
lunar ganglion,  sending  a  few  filaments  to  the  renal  plexus  and  the  suprare- 
nal capsules.  The  lesser  splanchnic  nerve  arises  from  the  tenth  and  eleventh 
ganglia,  passes  into  the  abdomen  and  joins  the  cceliac  plexus.  The  renal 
splanchnic  nerve  arises  from  the  last  thoracic  ganglion  and  passes  to  the  re- 
nal plexus.  The  three  splanchnic  nerves  present  frequent  anastomoses  with 
each  other. 

Gmiglia  in  the  Abdominal  and  the  Pelvic  Cavity, — The  semilunar  gan- 
glia on  the  two  sides  send  off  radiating  branches  to  form  the  solar  plexus. 
They  are  situated  by  the  side  of  the  cceliac  axis  and  near  the  suprarenal  capsules. 
These  are  the  largest  of  the  sympathetic  ganglia.  From  these  arise  plexuses 
distributed  to  various  parts  in  the  abdomen,  as  follows :  The  phrenic  plexus 
follows  the  phrenic  artery  and  its  branches  to  the  diaphragm.  The  cceliac 
plexus  subdivides  into  the  gastric,  hepatic  and  splenic  plexuses,  which  are 
distributed  to  organs,  as  their  names  indicate.  From  the  solar  plexus  differ- 
ent plexuses  are  given  off,  which  pass  to  the  kidneys,  the  suprarenal  capsules, 
the  testes  in  the  male  and  the  ovaries  in  the  female,  the  intestines  (by  the 
superior  and  inferior  mesenteric  plexuses),  the  upper  part  of  the  rectum,  the 
abdominal  aorta  and  the  vena  cava.  The  filaments  follow  the  distribution  of 
the  blood-vessels  in  the  solid  viscera. 
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The  lumbar  ganglia,  four  in  number,  are  situated  in  the  lainhar 
upon  the  bmlies  of  the  vertebrae.  They  are  connected  with  tlie  ganglia  ahtm 
and  below  and  \*4th  each  other  by  the  sympathetic  cord^  reeeinng,  like  tbfi 
other  ganglia,  fi]junents  from  the  spinal  nerves.  Their  branehaii  of  dixtribih 
tion  form  the  aortic  lumbar  plexus  and  the  h\^gastrie  plexus  and  foll< 
course  of  the  blood-vegsels. 

The  four  or  five  sacral  ganglia  and  the  ganglion  inipar  iirv  f^ 
the  inner  side  of  the  sacral  foramina  and  in  front  of  the  coec^'x.  I*hc9l 
connected  with  the  ganglia  above  and  with  each  other,  and  they  receire  fil*^ 
ments  from  the  sacral  nerves,  there  being  generally  two  branches  of  cammih 
nication  for  each  ganglion.  The  filaraente  of  distribution  go  to  aU  of  the 
pelvic  viscera  and  blood-vessels.  The  inferior  hypogastric^  or  pelvic  plex- 
us is  a  continuation  of  the  hypogastric  plexus  above,  and  receives  a  feir  ^ 
ments  from  the  saenU  ganglia.  The  uterine  nerves  go  to  the  uterudand  lb 
Fallopian  tubes.  In  the  substance  of  the  uterus  the  nene^  are  conneetri 
with  small  collections  of  ganglionic  cells.  The  sympathetic  tilamenti 
prolonged  into  the  upi>er  and  lower  extremities,  following  thu  course  at 
blood-vessels  and  terminating  in  their  muscular  coat 

The  filaments  of  the  sympathetic,  at  or  near  their  terminations,  aw 
nected  with  ganglionic  cells,  not  only  in  the  heart  and  the  uterua*  but  in 
blood-vessels,  lymphatics,  the  coccygeal  gland,  the  submucous  and  the  mi 
cular  layer  of  the  entire  alimentary  canal,  the  salivary  glands,  pane 
excretory  ducts  of  the  liver  and  pancreas,  the  larj'nx,  traeheii,  pnhnoi 
tissue,  bladder,  ureters,  the  entire  generative  apparatus,  supnr 
thymus,  lachrymal  canals,  ciliary  muscle  and  the  iris.      In   !<  iLir 

nerve-cells  have  been  demonstrated  by  various  observers,  and  it  is  pi 
that  they  exist  everywhere  in  connection  with  the  terminal  fiUmenta  of 
8y8t4?m  of  nerves. 

General  Properties  of  the  Synipaiheiic  Gantjh'a  and  Xert^es, — The 
pathetic  ganglia  and  nerves  possess  a  dull  sensibility,  which  is  jmrticuli 
marked  in  the  ganglia.     That  the  nerves  contain  afferent  fibres,  is  shown 
ct^rtain  reflex  phenomena. 

Stimulation  of  the  sympathetic  produces  muscular  movements,  but  ihm 
are  confined  generally  to  non-striated  muscular  fibi^s,  to  which  these  nerrcs 
are  largely  distributed.  The  muscular  movements  do  not  immi^iiatcly  folio* 
stimulation  of  the  nerves,  but  there  is  a  long,  latent  period.  The  mim'ular 
contraction,  also,  persists  for  a  time  and  the  subsequent  relaxation  u  sioi 
The  induced  current  applied  to  the  splanchnic  nerves  does  not  prod 
movements  of  the  intestines,  but  these  movements  are  excited  by  the 
stant  current  (Legros  and  Oninius).  The  properties  of  the  vaacHiKrtflf 
nerves  will  be  considered  separately. 

The  sympathetic  ganglia  are  connected  with   the  motor  and  sei 
divisions  of  the  c^rebro-spinal  system.     Some  of  the  ganglia  and  nej 
plexuse43  are  directly  dependent   for  their  action  upon  the  cerebr«>gpi 
system,  while  others  are  capable,  at  legist  fijr  a  time,  of  independent  action. 
Among  the  latter,  are  the  ganglia  of  the  heart,  the  intestinal  plexuses,  the 
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plexuses  of  the  uterus  and  Fallopian  tubes,  of  the  ureters  and  of  the  blood- 
Tessels. 

Direct  Experiments  on  the  Sympathetic. — The  experiments  of  Pourfour 
da  Petit  (1712-1725)  were  the  first  to  give  any  positive  information  regard- 
ing the  action  of  the  sympathetic  system ;  and  these  observations  may  be 
taken  as  the  starting-point  of  a  definite  knowledge  of  the  physiology  of  the 
sympathetic,  although  they  showed  only  the  influence  of  the  cervical  portion 
upon  the  eye.  In  1816,  Dupuy  removed  the  superior  cervical  ganglia  in 
horses,  with  the  effect  of  producing  injection  of  the  conjunctiva,  increase  of 
temperature  in  the  ear  and  an  abundant  secretion  of  sweat  upon  one  side  of 
the  head  and  neck.  These  experiments  showed  that  the  sympathetic  has  an 
important  influence  upon  nutrition,  calorification  and  secretion*  In  1851, 
Bernard  divided  the  sympathetic  in  the  neck  on  one  side  in  rabbits,  and 
noted  on  the  corresponding  side  of  the  head  and  the  ear,  increased  vascularity 
and  an  elevation  in  temperature  of  7°  to  11**  Fahr.  (4°  to  6°  C).  This  con- 
dition of  increased  heat  and  vascularity  continues  for  several  months  after 
division  of  the  nerve.  In  1852,  Brown-S6quard  repeated  these  experiments 
and  attributed  the  elevation  of  temperature  directly  to  an  increase  in  the 
supply  of  blood  to  the  parts  aflfected.  He  made  an  important  advance  in 
the  history  of  the  sympathetic,  by  demonstrating  that  its  section  paralyzed 
the  muscular  coat  of  the  arteries,  and  farther,  that  Faradization  of  the  nerve 
in  the  neck  caused  the  vessels  to  contract  This  was  the  discovery  of 
the  vaso-motor  nerves,  and  it  belongs  without  question  to  Brown-Sequard, 
who  published  his  observations  in  August,  1852.  A  few  months  later  in  the 
same  year,  Bernard  made  analogous  experiments  and  presented  the  same  ex- 
planation of  the  phenomena  observed. 

The  important  points  developed  by  the  first  experiments  of  Bernard  and 
of  Brown-Sequard  were  that  the  sympathetic  system  influences  the  general 
process  of  nutrition,  and  that  many  of  its  filaments  are  distributed  to  the 
muscular  coat  of  the  blood-vessels.  Before  these  experiments,  it  had  been 
shown  that  filaments  from  this  system  influenced  the  contractions  of  the  mus- 
cular coats  of  the  alimentary  canal. 

When  the  sympathetic  is  divided  in  the  neck,  the  local  increase  in  tem- 
perature is  always  attended  with  a  very  great  increase  in  the  supply  of  blood 
to  the  side  of  the  head  corresponding  to  the  section.  The  increased  tem- 
perature is  due  to  a  local  exaggeration  of  the  nutritive  processes,  apparently 
dependent  directly  upon  the  hyperaemia.  There  are  many  instances  in 
pathology,  of  local  increase  in  temperature  attending  increased  supply  of 
blood  to  restricted  parts.  In  an  experiment  by  Bidder,  after  excising  about 
half  an  inch  (12-7  mm.)  of  the  cervical  sympathetic  in  a  half -grown  rabbit, 
the  ear  on  that  side,  in  the  course  of  about  two  weeks,  became  distinctly 
longer  and  broader  than  the  other. 

It  is  easy  to  observe  the  effects  of  dividing  the  sympathetic  in  the  neck, 
but  analogous  phenomena  have  been  noted  in  other  parts.  Among  the 
most  striking  of  these  experiments  are  those  reported  by  Samuel,  who  de- 
scribed an  intense  hyperaemia  of  the  mucous  membrane  of  the  stomach  and 
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intestines,  following  extirpation  of  the  coeliivc  itlexns.     Br  compuntin? 
periments  it  was  shown  that  this  did  not  result  from  the  f»*  ri mm 
duced  by  the  operation. 

As  regards  secretion,  the  influence  of  the  Bjrapathetic 
When  the  e^^mpathetic  filaments  distributed  to  a  gland  are  n 
ply  of  blood  is  much  increased  and  an  abundant  flow  of  the  aecr^on  i 
(Bemanl).     Peyi^ani  has  shown  tliat  the  sympathetic  has  an  inflL 
the  secretion  of  urine.     When  the  nerves  in  the  neck  are  sttni 
quantity  of  urine  and  of  urea  is  increased,  and  this  increase  ia  greater  witi 
the  induced  than  with  the  constant  current.     When  the  sympathetic  ii 
divided,  the  quantity  of  urine  and  of  urea  sinks  to  the  minimum. 

Moreau  published  in  1870  a  series  of  observations  on  the  influence  of  tir 
sympathetic  nerves  upon  the  secretion  of  liquid  by  the  intestinal  canal,  vbick 
are  important  as  affording  a  possible  explanation  of  the  sudden  occairmm 
of  watery  diarrhoea*  In  the^e  experiments,  the  abdomen  was  opened  in  i 
fasting  animal,  and  three  loops  of  intestine,  each  loop  four  to  eight  iacki 
(100  to  200  mm.)  long,  Tvere  isolated  by  ligatures.    All  of  the  menmpmaf 

the  middle  loop  were  divided,  taking  care  to  avoid  the  Ucrad-faHk 
lie  intestine  was  then  replaced,  and  the  wound  in  the  abdomen 
with  sutures.    The  next  day  the  animal  was  killed.    The  two  loopt 
the  nerves  intact  were  found  empty,  as  is  normal  in  fasting  animalii 
the  mucous  membrane  was  dry ;  but  the  loop  with  the  nerve©  divided 
found  filled  with  a  clear,  alkaline  liquid,  colorless  or  slightly  opaline,  wluck 
precipitated  a  few  floeculi  of  organic  matter  on  boiling. 

VasO'Moior  Ventres  and  Nervm, — The  principal  or  dominatiiig  xm^ 
motor  centres  are  situated  in  the  medulla  oblongata,  one  on  eiliier  m^ 
about  one-tenth  of  an  inch  (2*5  mm.)  from  the  median  line.  Each  oeiitit,tD 
the  rabbit,  is  about  one-eighth  of  an  inch  (3  mm.)  long  and  about  one-«i- 
teenth  of  an  inch  (1\7  mm.)  wide.  Its  lower  border  is  about  one>fifth  of  la 
inch  (5  mm*)  above  the  calamus  scriptorius.  Each  side  of  the  body  has  its 
special  vaso-motor  centre,  and  very  few  if  any  of  the  vaso-motor  fibrtsi  deeof- 
sate.  The  situation  of  the  vaso-motor  centres  in  the  tneiluUa  haebeead^ 
termined  by  successive  removal  of  the  nerve-centres  above.  If  the  oeni 
end  of  a  large  cerebro-spinal  nerve  be  stimulated  in  an  animal  poisoned  vi 
curare,  the  vastnmotor  nerves  produce  contraction  of  the  blood-fesKh, 
reflex  action,  and  there  is  a  rise  in  the  blood  pressure.  The  action  is 
interfered  with  by  removid  of  the  encephalic  ganglia  from  above  downwiid, 
until  the  part  of  the  medulla  containing  the  vaso-motor  centres  is  raicbed. 
When  these  centres  are  removed,  the  reflex  vaso-motor  action  is  permaneoti] 
arrested. 

Subordinate  vaso-motor  centres  exist  in   the  spinal  cord.      Wheal 
vaso-motor  centre  in  the  medulla  is  destroyed,  there  is  a  fail  in  the 
pressure ;  but  if  the  circulation  be  continued^  after  a  time  the  blood-vesseli 
regain  their  "  tone  "  and  the  pressure  may  then  be  affected  by  reflex 
It  is  probable  that  these  q^inal  centres  exist  throughout  the  dorad 
aud  in  the  upper  part  of  the  lumbar  region  of  the  cord. 
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All  tlie  vaso-motor  nerves  are  derivetl  from  the  medulla  oblongata  and 
the  spinal  cord*  Some  of  the  vaso-motor  fibres  to  the  heatl  pms  in*  the 
tnmks  of  the  motor  cranial  nerves,  but  most  of  them  come  from  the  ante- 
rior roots  of  some  of  the  spinal  nerves  and  p^iss  to  the  head  by  the  filaments 
of  distribution  of  the  cervical  sympathetic.  The  vaso-motor  fibres  pass  in 
the  lateral  columns  of  the  cord,  and  from  the  cord,  in  the  anterior  roots  of 
the  gpinal  nerves,  in  the  dog,  as  far  down  m  the  second  pair  of  lumbar 
nerves*  Tliese  fibres  are  medullated  but  are  of  email  size.  They  pass  to 
the  blood-vessels  either  through  branches  from  the  sympathetic  ganglia  or 
through  the  ordinary  cere bro- spinal  nerves.  They  are  therefore  not  confintnl 
to  bmnches  of  the  sympathetic,  as  Bernard  has  shown  by  the  following  ex- 
periment :  He  divided  the  fourth,  fifth,  sixth,  seventh  and  eighth  pairs  of 
lumbar  nerves  on  one  side  in  a  dog,  at  the  spinal  cohimn,  and  paralyzed  mo- 
tion and  sensiition  in  the  leg  of  that  side,  but  the  tem}ierature  of  the  two 
sides  remained  the  same.  He  afterward  exposed  and  divided  the  sciatic 
nerve  on  that  side,  and  then  noted  decided  increase  in  temperature.  This 
experiment,  which  is  oidy  one  of  a  large  number,  shows  that  the  ordinary 
mixed  nerves  contain  vaso-motor  fibres,  which  are  entirely  independent  of 
the  nerves  of  tnotion  and  sensation,  a  fact  which  is  now  well  known  to  physi- 
ologists and  has  frequently  been  illustrated  in  cases  of  disease  in  the  human 
subject. 

The  vaso-motor  nerves  are  capable  of  influencing  local  circulations, 
probably  through  distinct  centres  for  different  parts.  Direct  stimulation  of 
the  priucipid  vas<>motor  centre  (10  to  12  or  more  single  induction  shocks 
j>er  secimd  for  strong  currents  or  20  to  iia  for  moderate  currents)  increases 
the  blood -pressure  to  the  maximum. 

The  contractile  coats  of  the  veins  and  lymphatics  probably  are  influenced 
by  vaso-motor  nerves,  but  there  is  little  known  of  the  rae^jhanism  of  this  action. 

Reflex  Vaso-Moitjr  Phenmnena. — The  most  important  physiological  acts 
connected  with  the  vaso-motor  nerves  are  reflex.  It  is  evident  from  experi- 
ments on  the  inferior  arumala  and  observations  on  the  human  subject  that 
there  are  afferent  as  well  as  efferent  nerves.  The  reflex  acts  connected  with 
secretion  liave  already  been  considered ;  but  there  are  other  phenomena  that 
demand  a  brief  description. 

As  regards  auimal  heat,  the  phenomena  of  which  are  intimately  con- 
nected with  the  supply  of  blorxl  to  the  parts,  it  is  important  to  note  the  ob- 
servations of  Brown-Sequard  and  Lombard,  who  found  that  pinching  of  the 
skin  on  one  side  wjis  attended  with  a  diminution  in  the  temperature  in  the 
corresponding  member  of  the  opposite  sitle,  and  that  sometimes,  when  the 
irritation  was  applied  to  the  upfier  extremities,  clianges  were  produced  in 
the  temperature  of  the  lower  limbs.  Tholozan  uud  Brown-Sequard  found, 
also,  that  lowering  the  temperature  of  one  hand  produced  a  considerable  de- 
pression in  the  heat  of  the  other  hand,  without  any  notable  diminution  in 
the  general  heat  of  the  bcwly.  Brown-Sequard  showed  that  by  immersing 
one  fo<jt  in  water  at  41**  Fahr.  (5''  C.)  the  temperature  of  the  other  foot 
was  diminished  by  about  7^  Fahr.  (4**  C.)  in  the  course  of  eight  minutes. 
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These  ex|Kirimeiits  show  that  certain  impressions  made  n[>on  tb^ 
nerves  affect  the  animal  heat,  by  reflex  action.  As  section  of  the  fTm|a>1 
thetic  filaments  increases  the  heat  in  particular  parts,  with  an  incjmm 
in  the  supply  of  blood,  and  their  Faradization  reduces  the  quantity  of  bWI 
and  diminishes  the  temperature,  it  is  reasonable  to  infer  that  the  reflg 
action  takes  place  through  the  yaso-motor  nerves.  If  it  be  as^an 
the  impression  is  conveyed  to  the  centres  by  the  nerves  of  general  hbh 
and  that  the  vessels  are  nioditied  in  their  caliber  and  the  heat  L^  af^uA^ 
through  the  svm pathetic  fibres,  it  remains  only  to  determine  the  situaliJin  f^f 
the  centres  which  receive  the  impression  and  generate  the  stimulus.  Th/^ 
centres  are  situated  in  the  cerebro-spinal  axvL 

The  existence  of  vaso-motor  nerves  and  their  connection  with  oentiw  in 
the  eerebro*spinal  axis  are  now  sutiiciently  well  established*  It  is  oertam, 
also,  that  centre^s  presiding  over  particular  acts  may  be  distinctly  located,  t» 
the  genito-spinal  centre^  in  the  spinal  cord  opposite  the  fourth  lumbar  rmt- 
bra,  and  the  cilio-spinal  centre,  in  the  cervical  region  of  the  conL  An  m- 
pulse  generated  in  these  centres,  sometimes  as  the  result  of  impresaons  f»* 
ceived  through  the  nerves  of  general  sensibility,  produces  contraction  of  tb 
non-striated  muscular  fibres  of  the  iris,  vasa  deferentiii  etc.,  including  thr 
muscular  walls  of  the  blood-vessels.  The  contraction  of  the  muscular  wtik 
of  the  vessels  is  tonic ;  and  when  their  nerves  are  divided,  relaxation  taka 
pla^^e  and  the  vessels  are  dilated  by  the  pi*essuro  of  blood.  By  titk  aetioQ 
the  local  Circulations  are  regulated  in  accordance  with  impreenaM  iiudi 
ui>on  sensory  nerves,  the  physiological  requirements  of  certain  parts,  meotal 
emotions  etc.  Secretion,  the  peristaltic  movements  of  the  alimentary  ooidL 
the  movement*  of  the  iriri  etc.,  are  influenced  in  this  way.  This  actum  ii 
als4>  illustrate  in  eases  of  i*eflex  paralysis,  in  inHammations  as  the  result  d 
''  taking  cold,^*  and  in  many  other  pathological  conditions. 

It  remains  only  to  show  that  the  phenomena  following  section  of 
sympathetic  in  animals  are  illustrated  in  certain  cases  of  disease  or  injurj  i 
the  human  subject.  It  is  rare  to  observe  traumatic  injury  confined  tol 
sympathetic  in  the  neck,  A  single  case,  however,  apparently  of  this  kia 
has  been  reported  by  MitchelL  A  man  received  a  gunshot- wound  in 
neck.  Among  the  phenomena  observed  a  few  weeks  after,  were  contncti^l 
of  the  pupil  on  the  side  of  the  injury,  and  after  exercise,  flushing  of  the  tiM 
upon  that  side.  There  was  no  difference  in  the  temperature  upon  the  ti 
8ide«  during  repose,  but  no  thermometric  observations  were  made  when  1 
of  the  face  was  fluslied  by  exercise^  Bartholow  has  reported  several  cases  < 
unilateral  sweating  of  the  head  (two  objierved  by  himself),  in  severtl  of 
which  there  probably  was  compression  of  the  sympathetic,  from  aneurifm. 
In  those  cases  in  which  the  condition  of  the  eye  was  observetl,  the  pupU  wis 
found  contracted  in  some  and  dilated  in  others.  In  none  of  tlttssift  csett 
were  there  any  accurate  thermometric  observations.  In  a  seri<^  of  obisr* 
vations  by  Wagner,  upon  the  head  of  a  woman,  eighteen  minutes 
decapitation,  powerful  stimulation  of  the  sympathetic  pro<hic<3d  great 
largetnent  of  the  pupil.     In  such  a  case  as  this,  it  would  not  be  poodblt  I 
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make  any  observations  on  the  influence  of  the  sympathetic  upon  the  tem- 
perature. 

Vasfhinhibitory  Nerves. — There  are  certain  nerves,  the  direct  action  of 
which  under  Faradic  stimulation  is  to  dilate  certain  blood-vessels.  These 
nerres  may  also  be  excited  by  reflex  action  through  the  sensory  nerves.  In 
many  nerves,  as  the  chorda  tympani,  the  nervi  erigentes  etc.,  the  existence 
of  inhibitory  fibres  has  been  demonstrated  (Dastre  and  Morat,  Eckhard, 
Laffont,  Yulpian  and  others).  For  example,  division  of  the  nervi  erigentes 
has  no  immediate  eflfect  on  the  penis,  but  Faradization  of  the  peripheral 
ends  of  the  nerves  dilates  the  blood-vessels  and  produces  erection.  Fibres 
possessing  this  property  undoubtedly  exist  throughout  the  body,  in  the  sym- 
pathetic and  in  the  motor  and  mixed  nerves ;  and  it  is  possible  that  there  are 
vaso-motor  inhibitory  centres,  although  such  centres  have  not  been  located. 
The  mode  of  action  of  these  nerves  is  analogous  to  that  of  the  inhibitory 
nerve  of  the  heart,  restraining  and  regulating  the  action  of  the  vaso-motor 
nerves  and  allowing  the  pressure  of  blood  to  dilate  the  vessels.  It  does 
not,  however  seem  proper  to  call  them  "  vaso-dilator  "  nerves,  any  more  than 
it  would  be  correct  to  call  the  inhibitory  nerve  of  the  heart  the  cardiac  dilator 
nerve. 

Trophic  Centres  atid  Nerves  {so-called). — Collections  of  nerve-cells  act  as 
centres  presiding  over  the  nutrition  of  the  nerve-fibres  with  which  they  are 
connected ;  but  it  has  been  found  that  the  nutrition  of  certain  paxts  may  be 
profoundly  affected  through  the  nervous  system.  Many  pathologists,  relying 
upon  the  presence  of  certain  lesions  of  cells  in  the  cord,  in  connection  with 
cases  of  progressive  muscular  atrophy,  admit  the  existence  of  trophic  cells 
and  nerves.  These  views,  however,  rest  almost  entirely  upon  pathological 
observations.  Direct  experiments  upon  the  sympathetic  in  animals  do  not 
positively  show  any  influence  upon  nutrition,  except  as  this  system  of  nerves 
affects  the  supply  of  blood  to  the  parts.  When  a  sympathetic  nerve  is 
divided,  there  is  an  apparent  exaggeration  of  the  nutritive  processes  in  par- 
ticular parts,  and  there  may  be  inflammatory  phenomena,  but  atrophy  of 
muscles  is  not  observed.  Atrophy  of  muscles,  indeed,  follows  division  of 
cerebro-spinal  nerves  only,  or  as  cases  of  disease  have  shown,  disorganization 
of  cells  belonging  to  what  are  recognized  as  motor  centres.  As  regards  the 
latter  condition,  there  can  be  no  doubt  of  the  fact  that  progressive  muscular 
atrophy  is  attended  with  disorganization  of  certain  of  the  motor  cells  of  the 
spinal  cord. 

Without  fully  discussing  this  subject,  which  belongs  to  pathology,  the 
facts  may  be  briefly  stated  as  follows :  There  may  be  progressive  atrophy  of 
certain  muscles,  uncomplicated  with  paralysis  except  in  so  far  as  there  is 
weakness  of  these  muscles  due  to  partial  and  progressive  destruction  of  their 
contractile  elements.  The  only  constant  pathological  condition  in  these  cases, 
aside  from  the  changes  in  the  muscular  tissue,  is  destruction  of  certain  cells  in 
the  antero-lateral  portions  of  the  cord,  with  more  or  less  atrophy  of  the  corre- 
sponding antei-ior  roots  of  the  nerves.  It  has  never  been  assumed  that  there 
are  cells  in  the  cord,  presenting  anatomical  peculiarities  by  which  they  may  be 
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distinguished  from  the  ordinary  motor  or  sensorj'  elements ;  hat  the  fart 
the  degeneration  of  certain  cells,  otliers  remaining  normal,  has  led  Ui  tbe 
tinction  by  certain  writers,  of  trophic  cells,  and,  of  course,  these  rauiit 
connected  with  the  parts  by  trophic  nerves. 

There  can  be  no  doubt  of  the  fact  that  the  cells  of  the  ant^m^lttenl 
columns  of  the  spinal  cord  are  connected  with  motion,  and  that  impulia 
generated  in  these  cells  are  conveyed  to  the  muscles  by  the  anterior  roouv/ 
the  spinal  nerves.  It  also  is  a  fact,  no  le-ss  definit^^  that  when  a  mu^le  ut 
part  of  a  muscle  is  for  a  long  time  deprived  of  the  motor  inflnence  by 
it  is  brought  into  action,  Its  fibres  undergo  atrophy,  becomt;  a' ' 
ure  and  lose  their  contractility.     Starting  iiith  these  two  pi  -  iii, 

assuming  that  certain  of  the  ordinary  motor  cells  of  the  cord  are  destromi, 
it  is  easy  to  predict  the  phenomena  to  be  expected  as  a  eousequenee  of  Rich 
a  lesion. 

The  destruction  of  certain  motor  nerve-cells  connected  with  the  ani 
roots  of  the  spinal  nerves  would  certainly  produce  degeneration  of  the  nei 
fibres  to  which  they  give  origin.     This  occurs  when  any  motor  nerrcs 
separated  from  their  cells  of  origin,  and  it  involves  no  necessity  of  aasumiui 
the  existence  of  special  trophic  cells  or  nerves. 

If  a  few  of  the  motor  c^lls  be  affected  with  disease^  and  if  the  deg^nt^i^ 
tion  be  gradual  and  progressive,  there  would  necessarily  be  progre!fiiiv&  uui 
partial  paralysis  of  the  muscles  to  which  their  nerves  are  distributed, 
paral}'siS)  confined  to  a  limited  number  of  fibres  of  particular  muscles 
sets  of  muscles,  would  give  the  idea  of  progressive  weakening  of  the  miwcl 
and  the  phenomena  would  not  be  those  observed  in  complete  panilyris 
duced  by  section  of  the  motor  nerves.  These  are  the  phenomena  ohserwJ 
in  progressive  muscular  atrophy,  preceding  the  paralysis  which  is  the  fitiil 
result  of  the  disease  ;  and  these  do  not  of  necessity  involve  the  action  «! 
special  centres  or  nerves. 

As  regards  the  muscular  atrophy  it<?elf,  if  the  nervous  stimulas 
ually  destroyed,  the  muscular  tissue  will  necessarily  undergo  progressive 
generation  and  atrophy. 

With  the  above  considemtions,  the  question  of  the  tn>phic  cells  ftud 
nerves  may  be  left  to  the  pathologist ;  and  the  existence  of  centitsi  tml 
nerves  specially  and  directly  influencing  the  nutrition  of  the  muscular ^ 
tem  can  be  admitted  only  when  it  has  been  demonstrate^!  that  thew 
lesions  of  particular  structures  in  the  nervous  system,  which  produce  pi 
nomena  that  can  not  be  explained  by  the  action  of  ordinary  motor  and 
gory  nerves  and  of  the  vaso-motor  system.  In  thus  dismissing  the  qnesti^ 
however,  it  is  not  intendeil  to  assume  that  the  existence  of  trophic  cm\ 
and  nerves  is  impossible.  There  are  certain  peculiar  changes  in  ti 
progressive  muscular  atrophy,  and  section  of  nerves  produces  degein 
of  glandular  and  other  structures  that  are  not  mtiscular.  Future  obdenradom 
may  show  that  there  are  special  parts  of  the  nervous  system  presiding  o«« 
nutrition  ;  but  at  i>resent,  sucli  parts  have  not  been  accurately  deacribsdaad 
isolated,  either  anatomically  or  physiologically. 
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Sleep. 

When  it  is  remDmbprcd  that  about  one-third  of  each  day  is  passed  in 
deep,  and  that  at  this  time,  voluntary  motion,  sensation,  the  special  senses 
and  various  of  the  functions  of  the  organism  are  greatly  modified,  the  im- 
portance of  a  physiological  study  of  this  condition  is  sutfieiently  apparent. 
The  subject  of  sleep  is  most  appropriately  considered  in  connection  with  the 
nervous  system,  for  the  reason  tiiat  the  most  importaut  modifications  in 
function  are  observed  in  the  eerebro-spinal  axis  and  nerves.  Repose  is  as 
necessary  to  the  nutrition  of  the  muscular  system  as  proper  exercise;  but  re- 
pose of  the  muscles  relieves  the  fatigue  due  to  exercise,  without  sleep.  It 
U  true  that  after  violent  and  prolonged  exertion,  there  is  frequently  a  desire 
for  sleep,  but  simple  rejM^se  will  often  restore  the  mnscular  power.  After  the 
most  violent  effort,  a  renewal  of  muscular  \igor  is  most  easily  and  completely 
effec^ted  by  rest  without  sleep,  a  fact  familiar  to  all  who  are  aceuatomefi  to 
athletic  exercises.  After  prolonged  and  severe  mental  exertion,  however,  or 
after  long-continued  muscular  etfort  which  involves  an  excessive  expenditure 
of  the  so-culled  nerve-force,  sleep  becomes  an  ioiperative  necessity.  If  the 
nervous  system  be  not  abnormally  excited  by  effort,  sleep  follows  mmlerate 
exertion  as  a  natural  consequence,  and  it  is  the  only  physiological  means  of 
complete  restoration;  hut  the  two  most  important  muscular  acts,  viz,,  those 
concerned  in  circulation  and  respinition,  are  never  completely  arrested,  sleep- 
ing or  waking,  although  they  undergo  certain  modifications. 

In  infancy  and  youth,  when  the  organism  is  in  process  of  development, 
eleep  is  more  important  than  in  a<lult  life  or  old  age.  Tlie  infant  does  little 
but  sleep,  eat  and  digest  In  adult  life,  under  perfectly  physiological  condi- 
tions, a  person  requires  about  eiglit  hours  of  sleep ;  some  need  less,  but  few 
require  more.  In  old  age,  unless  after  extraordinary  exertion,  less  sleep  is 
required  than  in  adult  life.  Ench  individual  learns  by  experience  how  much 
eleep  is  necessary  for  perfect  health ;  and  there  is  nothing  which  more  com- 
pletely incapju'itates  one  for  mental  or  muscular  effort,  especially  the  former, 
tlian  loss  of  natural  rest. 

Sleeple^ness  is  one  of  the  most  important  of  the  predisposing  causes  of 
certain  forms  of  brain-disease,  a  fact  wliich  is  well  recognized  by  practical 
physicians.  One  of  the  most  severe  methods  of  torture  is  long-continued 
deprivation  of  sleep ;  and  persons  have  been  known  to  sleep  when  subjected 
to  acutely  painful  impressions.  Severe  muscular  effort,  even,  may  be  con- 
tinued during  sleep.  In  forced  marches^  regiments  have  been  known  to 
deep  whde  walking ;  men  have  slept  soundly  in  the  saddle ;  persons  will 
sometimes  sleep  during  the  din  of  battle;  and  other  instances  illustrating 
the  imperative  demand  for  sleep  after  prolonged  vigilance  might  be  cited. 
It  is  i*enmrkable,  also,  how  noises  to  which  one  has  become  accustomed  may 
fail  to  disturb  natural  rest.  Those  who  have  been  long  habituated  to  die 
noise  of  a  crowded  city  frequently  find  difficulty  in  sleeping  in  the  stillness 
of  the  country.  Prolonged  ex}>osure  to  intense  cold  induces  excessive  som- 
nolence, and  if  this  be  not  resisted,  the  sleep  passes  into  stupor,  the  power 
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of  resistance  to  cold  becomes  rapidly  diminished,  and  death  U  the  rmk 
Intense  heat  often  prmlucea  drowsiness,  but,  as  is  well  krunnu 
able  to  natural  sleep. 

Sleep  is  preceded  by  a  feelin^f  of  drowsines^i,  an  indisposition  to  men 
physical  exertion,  and  a  general  relaxation  of  the  muscular  syst^OL    It  thrf 
requires  a  decided  effort  to  keep  awake*     In  sleep  the  voluDtarv  maacla 
are  inactive,  the  lids  are  closed,  the  ordinary  impressions  of  sound  are  nut 
appreciated,  and  sometimes  there  is  a  dreamless  condition,  in  vhidi  ifl 
knowledge  of  existence  is  lost. 

There  may  be,  during  sleep,  mental  operations  of  which  there  is 
sciousness  or  recollection,  unconscious  cerebration,  as  it  was  called 
penter.     It  U  well  known  that  dreams  are  vividly  remembered  h 
on  awakening,  but  that  the  recollection  of  them  rapidly  fades  away,  onl^T 
they  be  brought  to  raind  by  an  effort  to  recall  and  relate*  them,     WTiatever 
be  the  condition  of  the  mind  in  sleep,  if  the  sleep  be  normal,  there  is  r?po» 
of  the  cerebro-spinal  system  and  an  absence  of  voluntary  effort,  which  i 
store  the  capacity  for  mental  and  physical  exertion* 

The  impressionability  and  tlie  activity  of  the  human  mind  are  so  j 
most  of  the  animal  functions  are  so  subordinate  to  its  influenoe,  and 
organism  is  so  subject  to  unusual  mental  conditions,  that  it  is  difllctilt 
determine  with  exactness  the  phenomena  of  sleep  that  are  absolutelv  phyii 
logical  and  to  separate  those  that  are  slightly  abnormaL  It  can  not  be  i 
suraed,  for  example,  that  a  dreamlejis  sleep,  in  which  exlaience,  is  as  it  ^ 
a  blank,  is  the  only  normal  condition  of  repose  of  the  system  ;  nor  is  it  ] 
sible  to  determine  what  dreams  are  due  to  previous  trains  of  thought,  to 
impressions  from  the  external  world  received  during  sleep,  and  are  pQidt 
physiological,  and  what  are  due  to  abnormal  nervous  influences^  dtaordervd 
digestion,  etc.  It  may  be  assumed,  however,  that  an  entirely  refreshing  sbcp 
is  normaL 

That  reflex  ideas  originate  during  sleep,  as  the  result  of  external  im- 
pressions, there  can  be  no  doubt;  and  many  remarkable  experiments  upoD 
the  production  of  dreams  of  a  definite  character,  by  subjecting  a  i>erson  dol- 
ing sleep  to  i>eculiiir  iDtiuences,  have  been  recortled.  The  haUucioatio 
produced  in  this  way  are  called  hypnagogic,  and  they  occur  usually  wli 
the  subject  is  not  in  a  confiition  favorable  to  sound  sleep. 

As  regards  dreams  due  to  external  imi>ression8,  it  is  a  curious  £act,irh 
has  l>een  noted  by  many  observers  and  is  one  which  accords  with  the  ] 
sonal  experience  of  all  who  have  reflected  upon  the  subject,  that  truing 
thought  aiul  imaginary  events,  which  seem  to  pass  over  a  long  period 
time  in  dreams,  actually  occur  in  the  brain  within  a  few  seconds.  A  penwa 
is  awakened  by  a  certain  impression,  wliich  undoubtedly  has  given  ri»  to 
a  dream  that  seemed  to  occupy  hours  or  days,  and  yet  the  period  of  timebt* 
tween  the  impression  and  the  awakening  was  hardly  more  than  a  few  sei^oDtl?; 
and  persons  will  drop  lisleep  for  a  very  few  minutes,  and  yet  have  dreams  with 
the  most  elabonite  details  and  apparently  of  great  length.  It  is  unneoOflWX 
to  cite  the  accounts  of  literary  compositions  of  merits  the  working  oat  j 
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iliflficult  raathemati<*ul  problems  in  dreams,  etc.,  some  of  whit-h  are  undoubt* 
etily  accurate.  If  it  he  true  that  the  mind  is  eapiible  of  forming  con  seen* 
live  idesis  during  aleei>— which  can  hardly  he  doubted — there  is  no  good  rea- 
son why  these  phenomena  should  not  occur  and  the  thoughts  shoidd  not  be 
remembered  and  noted  .immediately  oti  ii wakening.  In  most  dreams,  how- 
ever, the  mind  is  hardly  in  a  nornud  condition,  and  the  brain  generally  loses 
tlie  power  of  concentration  and  of  accurate  reasoning. 

Condition  of  (he  Brain  and  Nervottft  Si/j^tem  during  Sleep. — During 
sleep  the  brain  may  be  in  a  condition  of  absolute  repose — at  least,  as  far  as 
there  is  any  subjective  knowledge  of  mental  opemtions — or  there  may  be 
more  or  le^^  connected  trains  of  thought  There  is,  also,  aa  a  rule,  absence 
of  voluntary  etfort,  although  movements  may  W  made  to  relieve  discom- 
fort from  position  or  external  irritation,  without  awakening.  The  sensory 
nerves  i-etain  their  properties,  although  the  general  sensibility  is  somewhat 
blunted ;  and  the  same  may  be  said  of  the  special  senses  of  hearing, 
flmell,  and  firobably  of  taste.  There  is  every  reason  to  believe  that  the 
actioji  of  the  gympathetic  system  is  not  disturbed  or  affected  by  sleep,  if 
the  influence  of  the  vaso-motor  nerves  upon  the  circuhition  in  the  brain  be 
excepted. 

Two  opposite  theories  have  long  been  in  vogue  with  regard  to  the  imme- 
diate cause  of  sleep.  In  one,  this  condition  is  attributed  to  venous  conges- 
tion and  increascil  pressure  of  blood  in  the  brain,  and  this  view  proliably 
had  i^  origin  in  the  fact  that  cerebral  congestion  induces  stupor  or  coma. 
Stupor  and  coma,  however,  are  entirely  distinct  from  natural  sleep;  for  in 
the  former  the  action  of  the  brain  is  entirely  suspended,  tlierc  is  no  con- 
sciousness, no  dreaming,  and  the  condition  is  manifestly  abnormal.  In  ani- 
mals rendered  comatose  by  opinm,  the  brain  when  exposed  is  found  deeply 
congested  with  venous  blood.  The  same  conclition  often  obtains  in  pro- 
found anaesthesia  by  chloroform,  hut  a  state  of  tlie  brain  very  nearly  resem- 
bling normal  .sleep  is  observed  in  anaesthesia  by  ether.  These  factis  have  been 
demonstrated  by  experiments  upon  living  animals,  and  have  been  observed 
in  the  human  subject  in  caae^  of  injury  of  the  head.  When  oi»ium  is 
administered  in  large  doses,  the  brain  is  congested  during  the  condition  of 
stupor  or  coma,  but  this  congestion  is  relieved  when  tlie  animal  passes,  as 
sometimes  happens,  from  the  effects  of  the  agent  into  a  natural  sleep.  In 
view  of  these  facts  and  othei-s  which  will  be  state<l  hereafter,  it  is  unneces- 
sary to  discuss  the  theory  that  sleep  is  attended  with  or  is  produced  by  con- 
gestion of  the  cerebral  vessels. 

The  idea  that  the  circulation  in  the  brain  is  diminished  during  sleep  lias 
long  been  entertained  by  some  physiologist.s ;  but  until  within  a  few  years, 
it  has  rested  chiefly  u|K>n  theoretical  considerations.  The  experiments  of 
Durham  (1860)  seem  to  demonstrate  that  the  supply  of  blood  to  the  brain  is 
always  greatly  diminished  during  sleep,  l^bese  experiments  were  made 
upon  dogs,  A  jiiece  of  the  skull  wm  reuioved  with  a  treidiine,  and  a  wateh- 
glass  was  aciinnitely  titted  to  the  opening  and  eeuK^nted  at  the  edges  with 
Canada  balsam.     When  the  animals  operated  upon  w^ere  awake,  the  vessels 
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of  the  pia  mater  were  seen  moderately  distended  and  the  eirmlatioB 
active ;  hut  during  perfectly  natural  sleep,  the  brain  retract<;d  and  becaint 
pale.  "  The  contrast  between  the  appearance  of  the  brain  during  its  penod 
of  functional  activity  and  during  it**  state  of  repose  or  aleep  was  matt  i^ 
markable.''  There  can  be  hardly  any  doubt,  after  ^he^  expertmenta,  t 
the  cerebral  circulation  is  considerably  diminished  in  activity  doiijig  ikt^  j 

The  influence  of  diminished  supply  of  blood  to  the  brain  has  been  illn 
trated  by  compression  of  both  carotid  arteries.  In  an  experiment  perf« 
upon  his  own  person,  Fleming  produced  immediate  and  profound  akep  i 
this  way,  and  this  result  inTariably  followed  in  subsequent  trials  upon 
self  and  others.  Waller  produced  anaesthesia  in  patienU  by  pressare  oj<u 
both  pneumogastric  nerves ;  but  the  nerves  are  so  near  the  C4iroti4  artrnci 
that  they  could  hardly  be  compressed,  in  tlie  human  subject,  without  inter- 
fering with  the  current  of  blood,  and  such  experiments  <lo  not  iwfititdt 
show  whether  the  loss  of  sensibility  be  due  to  pressure  upon  the  nervos  cf 
upon  the  vessels*  In  some  rare  instances  in  which  both  carotid  arteries  biv« 
been  tied  in  the  human  subject,  it  has  been  stated  that  there  is  an  nnafoil 
drowsiness  following  the  necessary  diminution  in  the  activity  of  the  ceirW 
circulation ;  but  this  result  is  by  no  means  constant,  and  the  morbid  coad 
tions  involving  so  serious  an  opemtion  are  usually  such  as  to  interfere ' 
their  value  as  facts  bearing  upon  the  question  under  eonsideratioo.  As\ 
BA  the  human  subject  is  concerned,  the  most  important  fact«  are  the  i 
of  compression  of  both  carotids  in  liealthy  persona.  Thetse,  as  well  as  ei 
ments  on  animals,  all  go  to  show  that  the  supply  of  blood  to  the  brain  1 
diminished  during  natural  slet*p,  and  that  sleep  may  be  induced  by  rt^taniii 
the  cerebral  circulation  by  compressing  the  vessels  of  supply.  When  thf!  < 
culation  is  interfered  with  by  compressing  the  veins,  congestion  is  the  i 
and  there  is  stupor  or  coma. 

If  diminished  How  of  blood  through  the  cerebral  vei^sels  be  the  caanprf^ 
natural  sleep,  it  becomes  important  to  inquire  how  this  condition  of  phjtid* 
logical  auicmia  is  brought  about  It  must  be  that  when  the  system  requini 
sleep,  the  vessels  of  the  brain  contract  in  obedience  to  a  stimulus  recafid 
through  the  sympathetic  system  of  nerves,  diminishing  the  supply  of  blood, 
here,  as  in  other  parta  under  varied  physiological  conditions.  The  ve«9ets<i{ 
tiie  bniin  are  provided  with  vaso-motor  nerves,  and  it  is  sufficient  to 
notc<l  tluit  the  arteries  are  contracted  during  sleep,  the  mechanism  of 
action  being  well  established  by  observations  upon  other  parts  of  the  \ 
latory  system. 

Little  is  known  of  the  intimate  nature  of  the  proceaeea  of  tuttrition  i 
the  brain  during  its  activity  and  in  repose ;  but  there  can  be  no  doubt  of 
fact  that  there  is  more  or  less  cerebral  action  at  all  times  when  one  is  a« 
Although  the  men  tail  processes  are  much  less  active  during  sloe[K  even  at  1 
time,  the  operations  of  the  brain  are  not  always  sus|>ended-     It  is  eqii 
welt  established   that  exercise  of  the  bi*ain  is  attended  with  physiolo 
weai'  of  nervous  tissue,  and  like  other  parts  of  the  organism,  ita  tissue 
quires  periodic  repose  for  regeneration  of  the  substance  consumed.     Anab- 
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gies  to  this  are  to  be  found  in  parts  that  are  more  easily  subjected  to  direct 
obeenration.  The  muscles  require  repose  after  exertion,  and  the  glands,  when 
not  actively  engaged  in  discharging  their  secretions,  present  intervals  of  rest. 
As  r^^ards  the  glands,  during  the  intervals  of  repose  the  supply  of  blood  to 
their  tissue  is  much  diminished.  It  is  probable,  also,  that  the  muscles  in 
action  receive  more  blood  than  during  rest ;  but  it  is  mainly  when  these  parts 
are  not  active,  and  when  the  supply  of  blood  is  smallest,  that  the  processes 
of  r^eneration  of  tissue  seem  to  be  most  efficient.  As  a  rule  the  activity  of 
parts,  while  it  is  attended  with  an  increased  supply  of  blood,  is  a  condition 
more  or  less  opposed  to  the  processes  of  repair,  the  hypersemia  being,  appar- 
ently, a  necessity  for  the  marked  and  powerful  manifestations  of  their  pecul- 
iar action.  When  the  parts  are  active,  the  blood  seems  to  be  required  to  keep 
at  the  proper  standard  the  so-called  irritability  of  the  tissues  and  to  increase 
their  power  of  action  under  proper  stimulus.  Exercise  increases  the  power 
of  regeneration  and  favors  full  development  in  the  repose  which  follows ;  but 
during  rest,  the  tissues  have  time  to  appropriate  new  matter,  and  this  does 
not  seem  to  involve  a  large  supply  of  blood.  A  muscle  is  exhausted  by  pro- 
longed exertion ;  and  the  large  quantity  of  blood  passing  through  the  tissue 
carries  away  carbon  dioxide  and  other  products  of  disassimilation,  which  are 
increased  in  quantity,  until  it  gradually  uses  up  its  capacity  for  work.  Then 
follows  repose;  the  supply  of  blood  is  reduced,  but  under  normal  condi- 
tions, the  tissue  repairs  the  waste  which  has  been  excited  by  action,  the  blood 
famishing  nutritive  matter  and  carrying  away  a  comparatively  small  quan- 
tity of  effete  products. 

It  may  safely  be  assumed  that  processes  analogous  to  those  just  described 
take  place  in  the  brain.  By  absence  of  voluntary  effort,  the  muscles  have 
time  for  rest  and  for  the  repair  of  physiological  waste,  and  their  action  is  for 
the  time  suspended.  As  the  activity  of  the  brain  involves  consciousness, 
volition,  the  generation  of  thought,  and,  in  short,  the  mental  condition  ob- 
served while  awake,  complete  repose  of  the  brain  is  characterized  by  the 
opposite  conditions.  It  is  true  that  the  brain  may  be  rested  without  sleep, 
by  abstaining  from  mental  effort,  by  the  gratification  of  cei'tain  of  the  senses, 
and  by  mental  distraction  of  various  kinds,  and  that  the  mind  may  work 
to  some  extent  during  sleep ;  but  during  the  period  of  complete  repose — that 
condition  which  is  so  necessary  to  perfect  health  and  full  mental  vigor — con- 
sciousness and  volition  are  lost,  there  is  no  thought,  and  the  brain,  which 
does  not  receive  blood  enough  to  stimulate  it  to  action,  is  simply  occupied  in 
the  insensible  repair  of  its  substance  and  is  preparing  itself  for  renewed  work. 
The  exhaustion  of  the  muscles  produces  a  sense  of  fatigue  of  the  muscular 
system,  indisposition  to  muscular  exertion,  and  a  desire  for  rest,  not  neces- 
sarily involving  drowsiness.  Fatigue  of  the  brain  is  manifested  by  indisposi- 
tion to  mental  exertion,  dullness  of  the  special  senses  and  a  desire  for  sleep. 
Simple  repose  will  relieve  physiological  fatigue  of  muscles ;  and  when  a  par- 
ticular set  of  muscles  has  been  used,  the  fatigue  often  disappears  when  these 
muscles  alone  are  at  rest,  though  othei*s  be  brought  into  action.  Sleep,  and 
sleep  alone,  relieves  fatigue  of  the  brain. 
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During  sleep  nearly  all  of  the  physiological  prooesses^  except  lK<w  di- 
rectly under  the  control  of  the  sympathetic  nervous  system,  an?  diminiibHi 
in  activity.  The  circulation  is  slower,  and  the  pulsations  of  the  hfurt  in 
lei^  fret^nent,  ii^  well  m  the  respiratory  movements.  These  points  hjv 
al really  been  considered  in  connection  with  the  physiology  of  circitUiion  md 
respiration.  Physiologists  have  but  little  positive  information  with  rtpii 
to  the  relative  activity  of  the  prfK^osses  of  digestion,  absorption  and  secretion, 
during  sleep.  The  drowsiness  vvhich  many  persons  experience  after  i  foJI 
meal  is  probably  due  to  a  determination  of  blood  to  the  alimentary  eazulADd 
a  consequent  diminution  in  the  supply  to  the  brain. 


CHAPTER  XXL 

SPECIAL  SEmES-TOUCIf,  OLFACTION  AND  GTSTATION, 


GeQanl  chAract«rB  of  tW  sipeciil  »Mif«»~Hiiienlftr  aenfte  («o  cftlled)— Senae  of  tooeh— VtHillom  1 
tenelbility  in  dlffcrvnt  p»rta  (6<*u**  of  lorality  of  kmpn'««ioiift(— TftbU*  of  r«Hiiliciii«  i 
leiitbe^iumctcr— Ap(»rv€iation  of  itempt-niUinf— TacUk'  ctfutre— Olf«rtlon — N»wil 
and  olfactory  mcftiibniafii— Olfjii'tory  <flrst  nerv(>)—Phy»iolof^icftl  atiftiomy— ' 
cell* and  t^rnunations  of  th«* olfactory  nencUbw* — Properlim  and  a*esi of  tl^ 

i«n  of  olfftClion— R^lAtiom  of  olfaction  to  the  ttlise  of   Ul«tv— Heflex  act*    lhroij;^:i  u  ^  ^jumruyrj  vn-» 

— Olfactory  centn*— Gnslation— 8«von»— Ncrvea  of  taale— CUorila  trmp&nl — C*kiAiv>-{ih«r;'ii|pai  9>A 
uene)— Phy^iotogkal  anatomy —General  propertien  of  the  glotwo-pbar^nigeAl— R«laUon*of  Uvfl^ 
pharyn^'Al  ner%i»  to  gni^tatinii— MecbaniPin  of  gustation— Phyfiiologtcal  anatoa&j  of  tbr  or^u  li  % 
—Papilla;  of  thtf  toiigu<!^Taate*b<!aki*r»— Cotmectiotia  of  the  oervea  with  Lbc  wpam  4)f 
centre. 


The  description  of  the  nerves  thus  far  has  included  motion  and  nlmi  tf 
known  as  general  sensibility;  and  knowlcdj^e  of  thej?e  propertii^  tf 
0U8  system  has  been  derived  mainly  from  experiments  upon  the  r 
mals.  As  regards  sensation,  the  exj>eriraents  have  referred  to  imj 
recognized  as  painful;  and  these  are  conveyed  to  the  centres  by  nen*f-l 
ments,  anat<;)niieally  jus  well  as  physiologically  distinct  fr*_»m  those  which  ' 
vey  to  the  contractile  parts  the  impulses  tlnit  give  rise  to  motion.  In 
to  the  sensory  nerves,  simple  impressions  only  have  been  described ; 
is  evident  that  the  filaments  of  peripheral  distribution  of  these  nerve*  I 
capable  of  receiving  a  variety  of  impressions,  by  whi<*h.  to  a  cert&in  eiti 
the  form,  size,  character  of  surface,  density  and  temperature  of  objecUl 
recognized.  There  is  also  a  general  appreciation  of  heat  and  cold ;  1 1 
of  resistance,  which  gives  an  idea  of  weight;  and  finally,  there  an?  nerves ol 
peculiar  properties,  terminating  in  organs  adapted  to  receive  tliL*  impr 
of  smell,  taste,  sight  and  hearing. 

The  senses  of  olfaction,  gustation,  vi^inn  and  audition  Wmh^j  t«* 
organs,  provided  with  nerves  wliich  have  special  properties  lunl   ii^ui 
not  endowed  with  general  sensibility.     These  nen^es  have  bi**.n  oriiilliJl 
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the  general  description  of  the  nervous  system,  as  well  as  the  accessory  organs 
to  which  they  are  distributed. 

The  senses  of  touch,  temperature  and  pain  are  all  conveyed  to  the  nerve- 
centres  by  what  have  been  described  as  sensory  nerves,  the  touch  being  per- 
fected in  certain  parts  by  peculiar  arrangements  of  the  terminal  nerve-fibres. 
Although  it  is  possible  that  each  one  of  these  impressions  is  transmitted  by 
special  and  distinct  fibres,  this  is  not  yet  a  matter  of  positive  demonstration. 
The  so-called  muscular  sense,  by  which  weight,  resistance  etc.,  are  appreci- 
ated, undoubtedly  depends  to  a  great  extent  upon  the  muscular  nerves.  What 
are  generally  recognized  as  sensory  impressions  have  been  thus  subdivided. 
These  subdivisions  are  sufficiently  distinct,  as  far  as  the  character  of  the 
sensations  themselves  are  concerned,  but  as  regards  their  paths  of  conduc- 
tion, as  before  intimated,  exact  and  positive  data  are  wanting.  It  is  impossi- 
ble to  study  with  advantage  the  different  varieties  of  ordinary  sensation  in 
the  lower  animals,  for  evident  reasons ;  and  physiologists  rely  mainly  upon 
observations  on  the  human  subject,  in  the  form  of  experiments  and  of  patho- 
logical phenomena. 

There  are  two  ways  of  regarding  the  different  varieties  of  general  sensa- 
tion :  One  is  to  look  at  each  as  a  peculiar  impression  conveyed  by  special 
nerve-fibres,  and  the  other  is  to  regard  the  nerves  of  general  sensibility  as 
capable  of  conducting  impressions  of  different  kinds.  It  has  never  been 
assumed  that  special  fibres  for  each  variety  of  sensation  have  been  demon- 
strated, and  it  is  possible  only  to  reason  as  to  this  from  what  is  actually 
known  of  the  general  properties  of  sensory  nerves. 

The  general  sensory  nerves  are  sufficiently  distinct  in  their  properties 
from  the  true  nerves  of  special  sense.  The  latter  convey  peculiar  impressions 
only,  such  as  those  of  sight,  hearing,  smell  and  taste.  The  former,  when 
strongly  stimulated  or  irritated,  always  convey  impressions  of  pain.  Separate 
ing,  then,  all  other  senses,  except  the  venereal  sense,  from  the  true  special 
senses,  it  is  proper  to  inquire  whether  it  be  reasonable  or  necessary  to  assume 
that  any  of  the  varieties  of  general  sensation  require  special  nerves  for  their 
conduction. 

It  is  well  known  that  a  relatively  powerful  stimulation  of  a  sensory  nerve 
or  of  sensitive  parts  is  necessary  to  the  production  of  a  painful  impression ; 
and  it  is  also  well  known  that  very  painful  impressions  overpower  impressions 
of  touch,  weight,  pressure,  temperature  and  the  so-called  muscular  sense.  In 
cases  of  disease,  it  is  sometimes  observed  that  tactile  sensibility  is  retained  in 
parts  that  are  insensible  as  regards  pain.  It  is  possible  that  sensory  nerve- 
fibres  may  become  so  altered  in  their  properties  as  to  be  incapable  of  con- 
ducting painful  impressions,  while  they  still  conduct  sensations  that  are 
appreciated  only  as  impressions  of  contact.  This  is  observed  in  certain  cases 
of  artificial  anaesthesia.  In  hyperaesthesia,  or  exaggerated  sensibility  to  pain- 
ful impressions,  the  tactile  sense  is  necessarily  overpowered  in  a  greater  or 
less  degree.  Impressions  made  on  a  sensory  nerve  in  its  course  are  always 
appreciated  as  painful,  and  the  pain  is  referred  to  the  terminal  distribution 
of  the  nerve,  this  being  a  law  of  sensory  perception.     There  is  no  sense  of 
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contact  at  the  ends  of  the  nerve,  and  there  is  no  contact  The  impresaoft, 
in  order  to  be  perceived  at  all,  mnst  be  painful.  ITiese  fact^  maybe  ma 
measure  applied  to  local  impressions  produced  by  extremes  of  heat  mil  cold 
or  by  chemical  or  electric  stimulation  of  sensitive  parU. 

The  interna]  organs  have  as  a  rule  uo  tactile  sensibiUtT,  olthoagh 
may  be  sensitive;  and  feeble  impressions  may  not  be  appreciated^  wh 
stronger  impressions  are  painful. 

Titillation  is  the  result  of  unusual,  feeble  impressions  or  of  slight  iiapn 
sions  fre<|nently  repeated  in  the  j^eripheral  ends  of  certain  sensonr  i 
These  ini|>ressions  are  not  precisely  tactile  nor  are  they  ^»ainfuL    Tbet  i 
dwce  j)eruliar  sensations,  and  they  frecjueutly  give  rise  to  violent  reflex  j 
ments,  by  what  is  known  as  a  summation  of  sensory  stimulations. 

Mnscjiifrr  Senne  (na  (kj lied), —It  is  difficult  to  define  exactly  what  hi 
by  the  term  muscular  sense,  as  it  is  used  by  some  physiologists.  In  all  j 
bility,  the  sense  which  enableii  one  to  appreciate  the  resistance,  immobility 
and  elasticity  of  substances  that  are  grasped  or  stood  upon  or  wliich  an?  m 
any  way  opposed  to  the  exertion  of  muscular  power,  may  be  greatly  modified 
by  education  and  habit  It  is  undoubtedly  true,  however,  that  general  sena- 
bility  regulates  the  action  of  muscles  to  a  considerable  extent.  If,  for  euro- 
pie,  the  lower  extremities  be  paralyzed  as  regaixls  sensation^  the  miuculir 
power  remaiidng  intact,  frequeutly  the  person  so  affected  can  not  walk  nclpa 
be  Ih3  able  to  see  the  ground.  This  difficulty  occurs  for  the  reason  that  tk 
limbs  have  lost  the  sense  of  contact  Many  curiotis  examples  of  this  kii 
are  to  be  found  in  works  upon  diseases  of  the  nervous  system.  One  of  i 
most  striking  is  a  case  com  mini icated  to  Charles  Bell  by  Dr,  Ley, 
patient  was  aifeeted  with  partial  loss  of  sensibility  upon  one  side  of  the  1 
"  without,  however,  any  corresponding  diminution  of  power  in  the  tnu 
of  volition,  so  that  she  could  hold  her  child  in  the  arm  of  that  side  sob 
as  her  attention  was  directed  to  it;  but  if  surrounding  objects  withdrew  I 
from  the  notice  of  tlic  state  of  her  arm,  the  flexors  gradually  relaxal,  and  1 
child  was  in  hazard  of  falling."  This  is  like  certain  of  the  phenomd 
ol>served  incases  of  locomot^jr  ataxia.  In  this  disorder  there  isdiseii^t 
the  jjosterior  white  columns  of  the  spinal  cord,  involvings  sometimesitk 
posterior  roots  of  the  spinal  nerves,  with  more  or  less  impairment  of  geoenl 
sensibility,  the  muscular  power  in  some  instances  being  intact  PatieBti 
alTected  in  this  way  frequently  are  unable  to  walk  or  stand  without  Ui^j 
of  the  sight  One  of  the  most  characteristic  phenomena  is  iuabiliir  Ut  i 
when  blindfolded ;  although,  with  the  aid  of  the  sight,  the  musi  - 
made  by  the  will  to  act  with  considerable  iK)wer.  Habit  and  educ^i; 
some  persons  to  appreciate  with  great  nicety  slight  differences  in  weight; 
this  is  due  eluf  fly  to  the  sense  of  resistance  to  muscular  effort  and  lias  lit! 
dependence  upon  the  sense  of  touch. 

In  general  those  parts  which  are  most  sensitive  to  the  impressioti 
touch,  B&  the  fingers,  enable  one  to  appreciate  difference's  in  pressure 
weight  with  greatest  accuracy.     The  sense  of  simple  preesurei  unaided 
the  estimation  of  weight  by  muscular  effort,  generally  is  more  acute 
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the  left  side.  Differences  in  weight  cuu  he  iicreunitely  distinguished  when 
they  amount  to  only  one-sixteenth,  by  employing  mni?culur  effort  in  lifting 
as  wt4l  as  the  sense  of  presgure ;  but  the  sense  of  pressure  alone  enables  most 
persons  to  apprecinte  a  dLfferenee  of  not  less  tlian  one-eighth.  When  weights 
are  tested  by  lifting  with  the  hand,  the  appreeiation  of  slight  differences  u 
more  delieate  if  the  weights  be  sueoessively  tested  with  the  saime  hand  than 
when  two  weights  ai*e  placed,  one  on  either  hand.  When  the  interval  be- 
tween the  two  trialia  k  more  than  forty  seconds,  slight  differences  in  weight 
— the  d i ff er en ce  l>t^ t wee n  f u u rt ee n  and  a  half  and  fi f te e n  on n ees  {411  an d 
4"^!5  grammes),  for  example — can  not  be  accnrately  appreciated*  In  such 
trials,  it  is  necessary  to  have  the  metals  used  of  the  same  temi)eratnre,  for 
cold  metals  seem  heavier  than  warm. 

Sense  of  Touch. 

The  different  modes  of  termination  of  the  sensory  nerves  have  already 
been  described ;  and  in  many  instance's  it  is  possible  to  explain,  by  tlie 
auatomieal  characters  of  the  nerves,  the  great  differences  that  have  been 
observed  in  the  delicacy  of  the  tactile  sensil>ility  in  different  parte — differ- 
ences which  are  very  important  pathologicidly  as  well  im  idiysiologically, 
and  which  have  been  studied  by  Weber,  \'ulentin  and  others,  with  great 
minuteness. 

Viiriiiiiiyns  in  the  Tttetile  SenHiblttty  in  Different  Parts  {Seihse  nf  Loctd- 
iiy  of  JnipreasioHs). — In  certain  parts  of  the  cutaneous  surface  the  general 
sensibility  is  much  more  acute  than  in  others.  For  example,  a  sharp  blow 
upon  the  face  is  more  painful  than  a  similar  injury  to  other  j>arts;  and  the 
eye,  as  is  well  known,  is  peculiarly  sensitive.  The  appreciation  of  tempera- 
ture varies  in  different  parts,  this  probably  depending  to  a  great  extent  upon 
habitual  exposure.  Some  jjarts,  jis  the  soles  of  the  feet  or  the  axilla,  are 
peculiarly  sensitive  to  titillation.  The  sense  of  touch,  also,  by  which  the  size, 
form,  character  of  the  surface,  consistence  etc.,  of  objects  are  appreciated, 
is  developed  to  a  greater  degree  in  some  part^  than  in  others.  The  tips  of 
the  fingers  generally  are  used  to  ascertain  those  properties  of  objects  revealed 
by  the  sense  of  toucli.  This  sense  is  capable  of  education  and  is  almost 
always  extraordinarily  developed  in  persons  who  are  deprived  of  some  other 
special  sense,  as  sight  or  hearing.  The  blind  learn  to  recognize  individuals 
by  feeling  of  the  face.  A  remarkable  instance  of  this  is  rpioted  in  works  on 
physiology,  of  the  blind  sculptor,  Giovanni  Gonelli,  who  was  said  to  model 
excellent  likenesses,  being  guided  entirely  by  the  sense  of  touch.  Other 
instances  of  this  kind  are  oo  ret-ord.  The  blind  have  been  known  to  become 
prohcients  in  conchology  and  twjtany,  giuded  entirely  by  the  touch.  It  is 
related  of  a  blind  botanist,  that  he  was  able  to  distinguish  ordinary  planta 
by  the  fingers  and  by  the  ti[>  of  the  tongue.  It  is  well  known  that  the  blind 
learn  to  read  with  facility  by  passing  tlie  fingers  over  raised  letters  but  little 
larger  than  the  letters  in  an  ordinary  folio  Bible. 

An  ea^y  method  of  determining  the  relative  delicacy  of  the  tactile  sen- 
aibility  of  different  portions  of  the  cutaneous  surface  was  devised  a  num- 
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ber  of  years  ago  (1829)  by  E.   H.  Weber,     This  methoci  consista  In 
application  to  the  skin,  of  two  fine  points,  separated  from  each  other  bri 
known  distance.     The  individual  experimented  ui>on  shonld  be  blindft>ld« 
and  the  points  applied  to  the  skin  simiUtaneously.     By  carefully  adjttHiin 
the  distance  between  the  points,  a  limit  will  be  reached  where  the  l%u  iq 
pressions  upon  the  surface  are  appreciated  as  one ;  L  e.,  by  gradoaUy  ajun 
imating  them,  the  subject  will  suddenly  feel  both  points  as  on^  wheal 
instant  before,  with   the  points  a  little  farther  removed  fn>m  each 
he  distinctly  felt  two  impressions.     This  gives  a  measure  of  the  ildicac^l 
the  tactile  Bensihility  of  different  parts.     Of  course  the  instmment 
may  be  very  simple — a  pair  of  ordinary  dividers  will  answer^ — but  it  is  i 
venient  to  have  some  ready  means  of  ascertaining  the  distances  beiweea  tk 
points.     An  instrument,  consisting  simply  of  a  pair  of  dividers  with  a  ^^ 
uat^nl  bar  giving  a  measure  of  the  separation  of  the  points,  is  the  best,  m  ll 
corabine-s  simplicity,  convenience  of  use  and  portability.     This  instruraenti" 
called  an  a?thesiometer*   The  experiments  of  Weber  were  made  upon  hiac 
person.     They  showed  some  slight  variations  with  the  direction  of  the  111 
of  the  two  points,  but  these  are  not  very  important.    The  table  which  foUttw 
is  made  of  selections  from  the  observations  of  Weber,  taking  those  that  i 
most  likely  to  be  useful  bs  a  guide  in  pathological  investigations.    The  i 
periments  of  Valentin  and  others  on  different  persons  do  not  vary  math  I 
their  results  from  the  figures  given  in  the  Uibh, 


TABLE   OF  VARIATIONS    IN   THE  TACTILE   SENSIBILITY   OF    niFFEKE^fT  Nt- 
TIONS   OF   THE   SKIN    (WEBEK). 

Tlie  tActik  HciuibiUtjr  Ls  meaffiired  bj  tbe  greatest  dbtimce  betwera  tvra  points  it  whirli  thff  c 
single  imprc««ioii  nhrri  applied  eimuluineoiiBlj.     Tb«  meaffuremenla  An*  givtn  in  Ilnet  (A  ^  ^ 
Incb,  or  a  little  mturv  thun  2  mm). 


PART  OP  SiniPACE. 

— — — ^ 

Tip  of  tongue . . , , 

050                    ]<i\ 

vm              i>io 

2  on                   4li0 
211*1 

Palmar  surface  of  third  phuluiix  of  fcirefiijger 

Red  surfai-e  of  under  lip ,      _ 

Palmar  surface  of  necond  phalimges  of  firi|;pts. 
Dorsal  surface  of  third  phalangiM  of  fiiigi*i>. 
Ti  p  of  nios« , . . . 

Palmar  surface  of  meUcarpus 
Kiid  of  ^reat  toe, 

Palm  of  hand 

Skill  of  cheek,  over  buccinator 

Skin  of  cheek,  over  anterior  j>arT  of  malar  Iwnn 
Dorsal  surface  of  first   >halanges  of  ftn^en*  . . 
Lower  part  of  foreheac;   ...*.. 

Jiack  of  hand 

Patella  and  !iurrounfliji|f  f>art  of  tliigh. 

Dorsum  of  frMit  near  tot^s ♦ .  .   ,  .  , 

L^pper  and  lower  exlremitit»3  of  forearm ..a*! 

Upper  and  lower  extremities  of  leg. . . . , , , 

Penisi  * , .....*..,, 

Acromion  and  upper  ^mrt  of  arm 

Gluteal  regioti  and  ncij;hl»orinfr  fjart  of  ihj;:ii    ,  . 

Middle  of  r<irearm  where  its  cinumfereni-**  is  j^reatest.  ♦ 

Middle  of  thigh  when?  its  circutnferonc^e  iii  gi^eaU»4»t 
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By  comparing  the  distribution  of  the  tactile  corpuscles  with  the  results 
given  in  the  table,  it  will  be  seen  that  the  sense  of  touch  is  most  acute  in 
those  situations  in  which  the  corpuscles  are  most  abundant.  In  the  space  of 
a  little  more  than  ^i^  of  an  inch  (2*2  mm.)  square,  on  the  palmar  surface  of 
the  third  phalanx  of  the  index^finger,  Meissner  counted  the  greatest  num- 
ber of  corpuscles ;  viz.,  one  hundred  and  eight.  In  this  situation  the  tactile 
sensibility  is  more  acute  than  in  any  other  part  of  the  skin,  the  mean  dis- 
tance indicated  by  the  sesthesiometer  being  0*603  of  a  line,  or  1*27  mm. 
(Valentin).  In  the  same  space  on  the  second  phalanx,  forty  corpuscles  were 
counted,  the  jesthesiometer  marking  1*558  line,  or  3*27  mm.  (Valentin),  this 
part  ranking  next  in  tactile  sensibility  after  the  red  surface  of  the  lips. 
One  can  readily  understand  how  the  tactile  corpuscles,  embedded  in  the 
amorphous  substance  of  the  cutaneous  papillae,  might  increase  the  delicacy  of 
appreciation  of  slight  impressions,  by  presenting  hard  surfaces  against 
which  the  nerve-filaments  can  be  pressed. 

As  regards  those  portions  of  the  general  cutaneous  surface  in  which  no 
tactile  corpuscles  have  been  demonstrated,  it  is  not  easy  to  connect  the  varia- 
tions in  the  tactile  sensibility  with  the  nervous  distribution,  as  little  is 
known  of  the  comparative  richness  of  the  terminal  nervous  filaments  in 
these  situations. 

Appreciation  of  Temperature. — It  is  not  known  that  the  sense  of  tem- 
perature, either  of  the  surrounding  medium  or  of  bodies  applied  to  different 
parts  of  the  skin,  is  appreciated  through  any  nerves  other  than  those  of  gen- 
eral sensibility  or  that  there  is  any  special  arrangement  of  the  terminations 
of  certain  of  the  nerves  connected  with  this  sense.  As  regards  the  general 
temperature,  the  sense  is  relative  and  is  much  modified  by  habit.  This  state- 
ment needs  no  explanation.  As  is  well  known,  what  is  cold  for  an  inhabitant 
of  the  torrid  zone  would  be  warm  for  one  accustomed  to  an  excessively  cold 
climate.  Habitual  exposure  also  modifies  the  sense  of  temperature.  Many 
persons  not  in  the  habit  of  dressing  warmly  suffer  but  little  in  extremely  cold 
weather.  Those  who  habitually  expose  the  hands  or  even  the  feet  to  cold, 
render  these  parts  comparatively  insensible  to  temperature  ;  and  the  same  is 
true  of  those  who  often  expose  the  hands,  face  or  other  parts  to  heat.  The 
variations  in  the  sensibility  of  different  parts  of  the  surface  to  temperature 
depend,  also,  upon  special  properties  of  the  parts  themselves.  The  differ- 
ences, however,  are  not  so  marked  as  to  be  of  any  great  importance,  and  the 
experiments  made  upon  this  point  are  simply  curious. 

The  experiments  of  Weber  and  others  show  that  the  skin  is  the  chief 
organ  for  the  appreciation  of  temperature,  if  the  mouth,  palate,  vagina  and 
rectum,  by  which  the  differences  between  warm  and  cold  substances  is 
readily  distinguished,  be  excepted.  In  several  instances  in  which  larger  por- 
tions of  the  skin  were  destroyed  by  burns  and  other  injuries,  experiments 
have  been  made  by  applying  spatulas  of  different  temperatures.  In  one  of 
these,  a  spatula  plunged  in  water  at  48°  to  55°  Fahr.  (9°  to  12°  C.)  was 
applied  to  a  denuded  surface,  and  again,  a  spatula  at  113°  to  122°  Fahr.  (45° 
to  50°  C).     When  the  patient  was  requested  to  tell  which  was  the  warmer, 
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the  answers  were  as  frequently  iiieorrect  ns  they  were  correct ;  bat  the  dti^ 
crimination  was  easy  and  certain  when  the  appHcations  wem  made  I*  lb»  ^ 
Btirrounding  healthy  skin.     When  applications  at  a  higher  tempenitart  i 
made  to  the  denuded  part,  the  patient  suffeiiiKl  only  pain« 

The  venereal  sense  h  unlike  any  other  seuMtion.,  and  is  general  ] 
m  referable  to  the  organs  of  generation.  In  this  connection,  however,  H  I 
important  to  note  that  the  tactile  sensibility  of  the  palmar  surface  of 
third  phalanx  of  the  fingers,  measnreii  by  the  aesthefiio meter,  compared  will 
the  senisibility  of  the  penis,  is  as  0'802  to  0*034,  or  between  twenty-thfee  i 
twenty-four  times  greater. 

Ferrier  has  described  a  tliffused  tactile  centre  in  the  "  hippocamiml  r- 
gion,"  the  action  of  which  is  crossed;  but  the  observations  to  determiiMi thi 
loss  of  the  sense  of  touch  after  destruction  of  this  part,  which  t 
on  monkevs,  are  by  no  meaus  satisfactory.  It  must  be  ver>*  difttcult  tostad 
tactile  sensibility  iu  the  inferior  animals. 

Olfaction. 

The  nerves  directly  connected   with  the  senses  of  olfaction,  tish 
audition,  have  little  or  no  general  sensibility.     As  regartis  the  oil 
nerves,  the  parts  to  which  they  are  distributed  are  so  largely  suppUod  ' 
branches  from  the  fifth,  that  it  is  diflicult  to  determine  the  fact  of  their  i 
sibility  or  insensibility  to  oi-dinary  impressions.     The  olfactory  nerves,  1 
ever,  are  distributed  to  the  mucous  membrane  of  that  portion  onlyoftiie 
nasal  cavity,  endowed  with  the  special  sense  of  smell* 

Na,sal  FoiiS(E.—ThQ  two  irregularly  shaped  cavities  in  the  middle  of  i 
face,  opening  in  front  by  the  anterior  nares  and  connected  with  tlie  phani 
by  the  posterior  nares,  are  called  the  nasal  fossa?.  The  membrane  linin 
these  cavities  is  generally  called  the  Schneiderian  mucous  membrane, 
sometimes,  the  jutuitary  membi-ane.  This  membrane  is  closely  ad hcn?nt  i 
the  fibrous  coverings  of  the  bones  and  cartilages  by  which  the  nasal  fo( 
are  bounded,  and  it  is  thickest  over  the  turbinated  bones*  It  is  continu 
with  the  membnine  lining  the  pharynx,  the  njisal  dnet  and  lachrymal  can 
the  Eustachian  tube,  the  frontal,  ethmoidal  and  sphenoidal  sinuses  aud  th 
antrum.  There  are  o|)ening5  leading  from  the  nasal  toeam  to  all  of 
cavities. 

The  essential  organ  of  olfaction  is  the  mucous  membrane  lining  the  op 
Imlf  of  the  nasal  fossa?.     Not  only  has  it  been  shown  anatomically  tlial  tli 
part  alone  receives  the  terminal  filaments  of  the  olfactory  nerves,  t 
logical  experiments  have  demonstrated  that  it  is  the  only  part  ca]-  i\f 

preciating  odorous  impressions*  If  a  tube  be  introduceti  into  the  n(\ 
place<i  horizontally  over  an  odorous  substance  so  that  the  emanations  can 
{jenetrate  its  caliber,  no  odor  is  perceived,  though  the  membrane  l)elow 
end  of  the  tube  might  receive  the  emanations ;  but  if  the  tube  l^e  directs 
toward  the  odorous  substance,  so  that  the  emanations  can  penetrate  to  1 
upper  portion  of  the  nares,  the  odor  is  immediately  appreciated. 

That  portion  of  the  lining  of  the  nasal  loBsss^  properly  called  the  olfa 
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membrane,  extends  from  the  cribiform  plate  of  the  ethmoid  bone  downward 
a  little  le^ss  than  an  inch  (25  mnu).  It  is  soft  and  friable,  vtiry  vjiseular, 
thicker  than  the  ivst  of  the  JSchneiderian  membrane,  and  in  man,  it  has  rather 
a  yellowish  color.  It  is  covered  by  long,  delicate,  columnar  cells,,  nucleated, 
and  each  cme  provided  witli  three  to  eight  ciliary  processes,  the  movements  of 
which  are  from  before  bat  k ward.  Tlie  olfactory  membrane  is  provided  with 
a  large  number  of  long,  racemose,  mucoua  triaiuis,  which  gecrete  a  fluid  that 
keeps  the  surface  moist,  a  condition  essential  to  the  accurate  perception  of 
odorous  impressions. 

Olfactoky  (Fihst  Kekve), 

The  apparent  origin  of  the  olfiictory  nerve  is  by  three  roots,  from  the 
inferior  and  iuternal  portion  of  the  frontal  lobe  of  the  cerebrum,  in  front  of 
the  anterior  perforated 

space.     The  three  roots  _.,^^^t§^\ 

are  an  external  and  an 
internal  white  root,  and 
a  middle  root  composeil 
of  gray  matter.  The 
external  white  root  is 
long  and  delicate,  pass- 
ing outward,  across  the 
fissure  of  Sylvius,  to 
the  tern  poro-sp  hen o  idal 
lobe.  The  internal  white 
root  is  thicker  and  short- 
er than  the  external  root, 
and  it  arises  from  the 
most  posterior  portion 
of  the  frontal  lobe.  The 
middle,  or  gmy  root 
arises  from  a  little  em- 
inence of  gray  matter 
situated  on  the  posterior  and  inner  portion  of  the  inferior  surface  of  the 
frontal  lobe. 

The  deep  origin  of  these  three  roots  of  the  olfat^tory  nerves  is  still  a  matter 
of  discussion.  The  external  root  piisi?es  through  the  gray  subst^inee  of  the 
island  of  Red,  to  a  gniy  nucleus  in  the  temporo-sphenoidal  lobe,  in  frout  of 
the  pes  hippocumpi.  The  fibres  of  the  middle  root  have  not  been  tracked 
*  farther  than  the  gray  eminence  from  which  it  ariseis.  The  fibres  of  the  inter- 
na!  root  probably  are  connected  with  the  fibres  of  the  gyms  fornicatus.  The 
throe  roots  converge  to  form  a  single  cord  at  the  inner  boundary  uf  the  fissure 
of  Sylvius,  This  cord  pjk^aes  forward  antl  slightly  inward,  in  a  deep  groove  be- 
tween two  convolutions  on  the  under  surface  of  the  frontul  lobe,  covered  by 
the  arachnoid  membrane,  to  the  ethmoid  bone.  This  portion  of  the  nerve  is 
soft  and  friable.     It  is  composed  of  both  white  and  gray  matter,  the  propor- 
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t»  olfactory  gi^nfilion  and  rterveji :  'J,  bmnch  of  the  rmJSAl  n^rite  \  ^ 
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nerv  e  ami  Oh  bran^has ;  1^  externitl  carotid  braucb^  from  tbe  sn- 
fierior  cervical  gaugUoa, 
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tions  being  about  two-thirds  of  the  former  ti  one- third  of  tht>  btUT.  Tlie 
gray  substance,  derived  from  the  gray  root,  is  situated  at  the  upper  portioo  d 
the  nerve,  the  white  substance  occupying  the  inferior  and  the  ktend  poriioit 
By  the  side  of  the  crista  galii  of  the  ethmoid  bone,  the  nenre-tnmiL 
ftjtpandft  into  an  oblong  ganglion  called  the  olfactory  bulb.  This  u  gransh 
in  color^  excessively  soft,  and  contains  the  ordinary  ganglionic  dfment& 
From  the  olfactory  bulb,  fifteen  to  eighteen  nervous  filuiij     "  n  off, 

wliieh  piiss  through  the  foramina  in  the  cribriiorm  plate  €»i  ^ur. 

These  filaments  are  composed  entirely  of  nerve- fibres,  and  are  quite  re&iaUi% 
owing  to  fibrous  elements  prolonged  from  the  dura  mater.     It  k  8tridi| 

priiper,  perhaps,  to  regard  these  as  the  true  olfa^' 
tory  nerves,  the  cord  leading  from  the  olfieUin 
bulb  to  the  cerebrum  being  properly  a  eonimii* 
sure.  Having  passed  through  the  cribriform 
plate,  the  olfactory  nerves  are  distributed  to  the 
olfactory  membrane,  in  three  groups :  an  moet 
group,  distributed  to  the  mucous  merahmae 
the  upper  third  of  the  septum;  a  mid<ile^^«>u 
to  the  u]»per  portion  of  the  nasal  fossre ;  ami 
outer  group,  to  the  mucous  membrane  cori 
the  superior  and  middle  turbinated  bo&Mtadi 
portion  of  the  ethmoid. 

The  mode  of  termination  of  the  olftf^iy 
nerves  differs  from  that  of  the  ordinary  waurj 
nerves,  and  is  |)e€uliar  and  charaeteristiCp  m  it  ii 
in  the  other  organs  of  special  sense.  The  olfi 
tory  mucous  membrane  contains  terminal  nci 
cells,  called  the  olfactory  cells*  which  are  si 
between  the  cells  of  epithelium.  These 
delicate,  spindle-shaped,  varicose  structures,  each  one  contaiaing  a 
round  nucleus.  In  the  frog  there  is  a  fine,  hair-like  process  projecting 
each  cell,  beyond  the  mucous  membrane,  which  has  not  been  oi>sened  in 
man  or  the  mammalia.  The  delicacy  of  the  structures  entering  into  ibt 
composition  of  the  olfactory  membrane  renders  the  investigation  of  tlie 
ruination  of  its  nervous  filaments  exceetlingly  difficult. 

Proper  I  im  and  dte^  of  (he  Olfacioi'y  Nervev. — It  is  almost  certain 
le  olfactory  nerves  possess  none  of  the  general  properties  of  the  ordi 
erves  belonging  to  the  cerebro^spinal  system,  and  are  endowotl  with  i 
special  sense  of  smell  alone.  The  filaments  coming  from  the  olfactory  hull 
and  distributed  to  the  pituitary  membrane  have  not  been  exposed  and  stimi 
hited  in  living  animals;  but  ex|ierimeut8  upon  the  nerves  behind  the  olfi 
tory  bulbs  show  that  they  are  insensible  to  ordinary  impressions.  Atlem 
have  been  made  to  demonstrate,  in  the  human  subjects  the  special  proper 
of  these  nerves,  by  passing  an  electric  current  through  the  nostrils ;  but 
situation  of  the  nerves  is  such  that  these  observations  are  of  necessity 
nite  and  unsatisfactory* 
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of  vaHcoae  rthrite, 
Liell  of  th*i  sheep. 
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Among  the  experiments  upon  the  higher  orders  of  animiils,  in  whi(ih  the 
olfactory  nerves  have  heen  dividetl,  may  be  cited,  m  open  to  no  objeetions, 
those  of  Vulpiiiti  and  Philipaux,  upon  dogs.  It  is  well  known  that  the  sense 
of  smell  usually  is  very  acute  in  tbese  animals.  Upon  dividing  or  extirpating 
the  olfactory  bulbs, '*aft€*r  the  animal  had  completely  recovered,  it  was  de- 
prived of  food  for  thirty-six  or  forty^eight  hours;  then,  in  its  absence,  a  piece 
of  cooked  meat  was  concealed  in  a  corner  of  the  hiboratory.  Animals,  suc- 
cessfully operated  upon,  then  taken  into  the  laboratory,  never  found  the  bait; 
and  nevertheless,  care  had  been  taken  to  select  hunting-dogs."  Tins  exjieri- 
ment  is  conclusive ;  more  so  than  those  in  which  animals  deprived  of  the 
olfactory  bulbs  were  shown  to  eat  fiBces  without  disgust,  for  this  sometimes 
occurs  in  dogs  that  have  not  been  multilated. 

Comparative  anatomy  shows  that  the  olfactory  bulbs  generally  are  devel- 
oped in  profwrtion  to  the  acuteness  of  the  sense  of  smell.  Pathological  facts 
ishow,  in  the  human  suhject,  that  impairment  rvr  loss  of  the  olfactory  sense  is 
coincident  with  injury  or  destruction  of  these  ganglia.  Cases  have  been 
reported  in  which  the  sense  of  smell  was  lost  or  impaired  from  injury  to  the 
olfactory  nerves.  In  nearly  all  of  the  cases  on  record,  the  general  sensibility 
of  the  nostrils  wm  not  alfeeted* 

Mefkanism  of  0// at/ /o/i.— Substances  that  have  odorous  properties  give 
of!  material  emanations,  which  must  come  in  contact  with  the  olfitctory  mem- 
brane before  their  peculiar  odor  is  appreciateih  This  membrane  is  situated 
high  up  in  the  nostrils,  is  peculiarly  soft,  is  abundantly  provided  with  glands, 
by  the  secretions  of  which  its  surface  is  kept  in  proper  condition,  and  it  pre- 
sents the  peculiar  nerve- terminations  of  the  olftu;vtory  filaments. 

In  experimenting  upon  the  sense  of  smell  it  has  been  found  difficult  to 
draw  an  exact  line  of  distinction  between  impressions  of  general  sensibility 
and  those  which  attack  the  special  sense,  or  in  other  words,  between  irritating 
and  odorous  emanations;  and  the  vapors  of  arnmoniii,  acetic  acid,  nitric  acid 
etc.,  undoubtedly  possess  irritating  properties  which  overpower  their  odorous 
qualities.  It  is  unnecessary  in  this  connection  to  tliscuss  the  ditferent  varie- 
ties of  odors  recognized  by  some  of  the  earlier  writers,  as  the  fragrant,  aro- 
matic, fetid,  nauseous  etc.,  distinctions  sufbciently  evident  from  their  mere 
enumeration;  and  it  is  plain  enough  that  there  are  emanations,  like  those 
from  delicately  scented  flowers,  which  are  easily  i*ecognizable  by  the  sense  of 
smell,  while  they  make  no  impression  upou  the  ordinary  sensory  nerves.  The 
very  markt^  individual  differences  in  the  (lelicacy  of  the  olfactory  organs  in 
the  human  subject  and  in  ditferent  animals  are  evidence  of  this  fact  Hunt- 
ing-dogs recognize  miors  to  which  moat  persons  are  absolutely  insensible; 
and  certain  races  of  men  are  saitl  to  t)oase8S  a  remarkable  delicacy  of  the  sense 
of  smelL  Like  the  other  special  senses,  olfaction  may  be  cultivated  by  atten- 
tion and  pnw3tice,  as  is  exemplified  in  the  delicate  disiTiminatiou  of  wines, 
qualities  of  drugs  etc.,  by  experts. 

After  what  lias  been  said  concerning  the  situation  of  the  true  olfactory 
membrane  in  tlie  upper  part  of  the  nasal  fosste  and  the  necessity  of  particles 
impinging  upon  this  membrane  in  order  that  their  odorous  properties  may 
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be  appreciated,  it  is  almost  tinneeessary  to  state  that  the  ptmmg6  Hf 
emanations  to  this  membrane  by  inspiring  through  the  nostrib  it  i 
to  olfaction,  bo  that  animals  or  men^  after  division  of  the  tiiM:li(ft,  hm^ 
unable  to  pass  the  uir  through  the  nostrils,  are  deprived  of  the  teme  of  ibhIL 
The  act  of  inhalation  through  the  nose  is  an  illustration  of  the  medliifuni 
by  wliieh  the  odorous  particles  may  be  brought  at  will  in  contact  with  tW 
olfactory  membrane. 

It  is  a  curious  point  to  determine  whether  the  aetise  of  onell  be  aikdak 
by  odors  passing  from  within  outward  through  the  nasal  fossae.  PMwhh  wh 
have  offensive  emanations  from  the  respiratory  organs  asaall?  are  not  aviit, 
from  their  own  sensations,  of  any  disagreeable  odor.  This  ftict  is  explanwi 
by  Longet  on  the  supposition  that  the  olfactory  membrane  becomes  gndmllt 
accustomed  to  the  odorous  impression,  and  therefore  it  is  not  iqiprecistEiL 
This  is  an  apparently  satisfactory  explanation,  for  it  could  hardly  besiiiposed 
that  the  direction  of  the  emanations,  provided  they  came  in  contact  with  tb 
membrane^  could  modify  their  effects*  Longet  has  cited  a  case  of  ctfieeroT 
the  stomach,  in  which  the  vomited  matters  were  exceedingly  fetid.  Al  tok 
the  piitient,  when  he  expired  the  gases  from  the  stomach  through  the  iio^tiiW 
perceived  a  disagreeable  odor  at  e4ieh  expiration ;  but  little  by  little  thisioh 
pression  disappeared. 

Relatwn^  of  Olfaeiion  to  the  Sen»e  of  TaMe. — Tlie  relations  of  Ihii 
of  smell   to  gustation  are  very  intimate.      In  the  appreciiition  of 
shades  of  flavor^  it  is  well  known  that  the  sense  of  olfaction  plays  m 
portant   a   part,   that   it  can  hardly   be  separated   from  gustntioiL 
common  practice  of  holding  the  nose  when  disagreeable  remcxifManii 
lowed  is  an  illustration  of  the  connection  between   the  two  6 
most  cases  of  anosmia  there  is  inability  to  distingubh  delicate  flavofs;  ^ 
patients  can  distinguish  by  the  taste,  only  aweet^  saline,  acid  and  bitter  in 
preasions. 

It  is  undoubtedly  true  that  the  delicacy  of  the  sense  of  taste  is  lost  wb 
the  sense  of  smell  is  abolished.     The  experiment  of  tasting  wint«  blind 
folded  and  with  the  nostrils  plugged,  and  the  partial  loss  of  taste  daring  i 
severe  coryza,  are  sufliciently  familiar  illustrations  of  this  facU     In  the  j 
majority  of  cases,  when  there  is  complete  anosmia^  the  taste  Is  sensibly  vOhA 
fiaired;  and  in  cases  in  which  this  does  not  occur^  it  is  pn*  it  thil 

savory  emanations  pass  from  the  mouth  to  the  posterior  portt*  wail 

fossse,  and  that  here  the  mucous  membrane  is  not  entirely  iosensible  to  spe- 
cial impressions, 

it  is  unnecessary,  in  this  connection,  io  describe  fully  the  reflex  pihe 
ena  which  follow  impressions  made  upon  the  olfactory  membrane, 
odor  of  certain  sapid  substances,  under  favorable  conditions,  will  prodncw  i 
abundant  secretion  of  Sidivii  and  even  of  gastric  juice,  as  has  been  shown 
experiments  u(>c»n  animals.     Other  examples  of  the  effects  of  odorous 
pressions  of  various  kinds  are  sufliciently  familiar. 

According  to   Ferrier,  the   olfactory  centre  is  on  the  inner  surface 
the  anterior  extremity  of  the  unicate  gyrus;  but  this  location  of  the  oentra 
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is  not  regarded  as  definitely  determined.  Stimulation  of  this  part  in  mon- 
keys simply  produces  peculiar  movements  of  the  nostril  and  lip  of  the  same 
dde. 

Gustation. 

The  special  sense  of  taste  gives  the  appreciation  of  what  is  known  as  the 
savor  of  certain  substances  introduced  into  the  mouth ;  and  this  sense  exists, 
in  general  terms,  in  parts  supplied  by  filaments  from  the  lingual  branch  of 
the  fifth  and  the  glosso-pharyngeal  nerves. 

It  is  assumed  by  some  physiologists,  that  the  true  tastes  are  quite  simple, 
presenting  the  qualities  which  are  recognized  as  sweet,  acid,  saline  and  bit- 
ter ;  while  the  more  delicate  shades  of  what  are  called  flavors  nearly  always 
involve  olfactory  impressions,  which  it  is  difficult  to  separate  entirely  from 
^station.  Applying  the  term  savor  exclusively  to  the  quality  which  makes  an 
impression  upon  the  sense  of  taste,  it  is  evident  that  the  sensation  is  special  in 
its  character  and  different  from  the  tactile  sensibility  of  the  parts  involved  and 
from  the  sensation  of  temperature.  The  terminal  filaments  of  the  gustatory 
nerves  are  impressed  by  the  actual  contact  of  savory  substances,  which  must 
of  necessity  be  soluble.  To  a  certain  extent  there  is  a  natural  classification 
of  savors,  some  of  which  are  agreeable,  and  others,  disagreeable ;  but  even 
this  distinction  is  modified  by  habit,  education  and  various  other  circum- 
stances. Articles  that  are  unpleasant  in  early  life  often  become  agreeable  in 
later  years.  Inasmuch  as  the  taste  is  to  some  extent  an  expression  of  the 
nutritive  demands  of  the  system,  it  is  found  to  vary  under  different  condi- 
tions. Chlorotic  females,  for  example,  frequently  crave  the  most  unnatural 
articles,  and  their  morbid  tastes  may  disappear  under  appropriate  treatment. 
Inhabitants  of  the  frigid  zones  crave  fatty  articles  of  food  and  will  even 
drink  rancid  oils  with  avidity.  Patients  often  become  accustomed  to  the 
most  disagreeable  remedies  and  take  them  without  repugnance.  Again,  the 
most  savory  dishes  may  even  excite  disgust,  when  the  sense  of  taste  has  be- 
come cloyed,  while  abstinence  sometimes  lends  a  delicious  flavor  to  the  sim- 
plest articles  of  food.  The  taste  for  certain  articles  certainly  is  acquired, 
and  this  is  almost  always  true  of  tobacco,  now  so  largely  used  in  civilized 
countries. 

Any  thing  more  than  the  simplest  classification  of  savors  is  difficult  if 
not  impossible.  It  is  easy  to  recognize  that  certain  articles  are  bitter  or 
sweet,  empyreumatic  or  insipid,  acid  or  alkaline,  etc.,  but  beyond  these  sim- 
ple distinctions,  the  shades  of  difference  are  closely  connected  with  olfac- 
tion and  are  too  delicate  and  too  many  for  detailed  description.  Some  per- 
sons are  comparatively  insensible  to  nice  distinctions  of  taste,  while  othei's 
recognize  with  facility  the  most  delicate  diflerences.  Strong  impressions 
may  remove  for  a  time  the  appreciation  of  less  powerful  and  decided 
flavors.  The  tempting  of  the  appetite  by  a  proper  gradation  of  gustatory 
and  odorous  impressions  is  illustrated  in  the  modern  cuisine^  which  aims 
at  an  artistic  combination  and  succession  of  dishes  and  wines,  so  that  the 
agreeable  sensations  are  })rolonged  to  the  utmost  limit.     Tliis  may  often  l)e 
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regarde<i  as  a  violation  of  strictly  hygienic  principles,  bot  it  Dont 
exemplifies  the  cultivation  of  the  sense  of  taste. 

Nerve»  of  Jkjf/c— Two  nerves,  the  chorda  tympani  and  the  gloei-phami- 
geal.  are  endowed  with  the  sense  of  taste.  These  nerve«  nre  dtstribnled  ti 
distinct  portions  of  the  gustatory  organ.  The  chorda  trmpatu  h»  ibalf 
been  referred  to  as  one  of  the  branches  of  the  facial ;  the  gtomthjibupfd 
lias  not  yet  been  described. 

Chorda  Tympaui. — In  the  description  already  given  of  llie  fofial,tli 
chorda  tympani  is  spoken  of  as  the  fourth  branch.  It  paaaea  tlknnigh  tin 
tympanum,  between  the  ossicles  of  the  ear,  and  joins  the  inferior  aiaii^ 
division  of  the  fifth,  at  an  acute  angle,  between  the  two  pterygoid  miiKlci, 
becoming  so  closely  united  with  it  that  it  can  not  be  followed  farther  by  ^ 
section.  The  filaments  of  this  branch  probably  originate  from  the  intermf- 
diary  lierve  of  Wrisberg. 

The  course  of  the  filaments  of  the  chorda  tympani,  after  this  nenrelitt 
joined  the  fifth,  is  shown  by  the  effect  u(>on  the  sense  of  taste  and  tbealtcfi- 
tion  of  the  nerve-fibres  following  its  division,  Vulpian  and  Prevoit,  by  tbi 
so-called  Wallerian  method,  after  dividing  the  chorda  tympam,  found  deg'eih 
erated  fibres  at  the  terminations  of  the  lingual  branch  of  the  fifth,  in  tbt 
mucous  membrane  of  the  tongue,  the  fibres  being  examined  ten  dap  or 
more  after  the  section*  Observations  upon  the  S(*nse  of  ta^tc  show  thatkbt 
chorda  tympani  is  distributed  to  the  anterior  two-thirds  of  the  toogne. 

The  general  properties  of  the  chorda  tympani  have  been  ascertained 
by  observations  made  after  its  paralysis  or  division.  All  experimenta 
which  a  stimulus  has  been  applied  directly  Uy  the  nerve  in  living  ani 
have  been  negative  in  their  results.  According  to  Longet,  when  the  nem 
lias  been  isolated  as  completely  as  possible  and  all  retlex  action  is  eidttM 
its  stimulation  produces  no  movement  in  the  tongue. 

In  cases  of  facial  palsy  in  which  the  lesion  affects  the  root  so 
to  involve  the  chorda  tympani,  there  is  loss  of  taste  in  the  antei 
thit-ds  of  the  tongue,  tactile  sensibility  being  unaffected ;  and  man; 
illustrating  this  fact  have  been  recorded.  Aside  from  cases  of  jianilyiisflf 
the  facial  with  impairment  of  taste,  in  which  the  general  sensibility  ol  the 
tongue  is  intact,  instances  are  on  record  of  affections  of  the  fifth  pair,  in 
which  the  tongue  was  absolut^^ly  insensible  to  ordinary  impressiotMi  th# 
sense  of  taste  being  preserved.  A  number  of  such  cases  have  been 
which  show  conclusively  that  the  fifth  pair  presides  over  general 
only,  and  that  it  is  not  a  gustatory  nerve,  except  by  virtue  of  fil 
rived  from  the  chorda  tympani* 

Passing  from  the  consideration  of  pathological  facia  to  experimi 
lipon  living  animals,  the  results  are  equally  satisfactory.  Although  it 
^mewhat  difficult  to  observe  impairment  of  taste  in  animals,  Benuurd 
others  have  succeeded  in  training  dogs  and  eats  so  as  to  oljiserve  the  elbetl 
of  colocynth  and  various  sapid  substances  applied  to  the  tongue.  In  a  gifit 
number  of  experiments  of  this  kind,  it  has  been  observed  that  after  s^tioil 
of  the  chorda  tympani,  or  of  the  facial  so  as  to  involve  the  ehurda  tympatii. 
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the  sense  of  taste  is  abolished  in  the  anterior  two-thirds  of  the  tongue  on 
the  side  of  the  section.  In  a  ease  reported  by  Moos,  the  introduction  of  an 
artificial  membrana  tympani  in  the  human  subject  was  followed  by  loss  of 
taste  upon  the  corresponding  side  of  the  tongue,  and  upon  both  sides,  when 
a  membrane  was  introduced  into  each  ear.  This  disap}>eared  when  the 
membranes  were  removed,  and  the  phenomena  were  referred  to  pressure 
upon  the  chorda  tympani.     Other  instances  of  this  kind  are  on  record. 

As  regards  the  gustatory  properties  of  the  anterior  two-thirds  of  the 
tongue,  certainly  in  the  human  subject,  it  may  be  stated  without  reserve,  that 
these  properties  depend  upon  the  chorda  tympani,  its  gustatory  filaments 
being  derived  from  the  facial  and  taking  their  course  to  the  tongue  with 
the  lingual  branch  of  the  inferior  maxillary  division  of  the  fifth.  In  addi- 
tion, the  lingual  branch  of  the  fifth  contains  filaments,  derived  from  the 
large  root  of  this  nerve,  which  give  general  sensibility  to  the  mucous  mem- 
brane. 

Glosso-Pharyngeal  (Ninth  Nerve). 

The  glosso-pharyngeal  is  distributed  to  those  portions  of  the  gustatory 
mucous  membrane  not  supplied  by  filaments  from  the  chorda  tympani.  It 
is  undoubtedly  a  nerve  of  taste ;  and  the  question  of  its  other  uses  will  be 
considered  in  connection  with  its  general  properties,  as  well  as  the  differences 
between  this  nerve  and  the  chorda  tympani. 

Physiological  Anatomy, — The  apparent  origin  of  the  glosso-pharyngeal 
is  from  the  groove  between  the  olivary  and  restiform  bodies  of  the  medulla 
oblongata,  between  the  roots  of  the  auditory  nerve  above  and  the  pneumo- 
gastric  below.  The  deep  origin  is  in  a  gray  nucleus  in  the  lower  part  of  the 
floor  of  the  fourth  ventricle,  between  the  nucleus  of  the  auditory  nerve  and 
the  nucleus  of  the  pneumogastric.  From  this  origin  the  filaments  pass  for- 
ward and  outward,  to  the  posterior  foramen  lacerum,  by  which  the  nerve 
emerges'with  the  pneumogastric,  the  spinal  accessory  and  the  internal  jugu- 
lar vein.  At  the  upper  portion  of  the  foramen,  is  a  small  ganglion,  the 
jugular  ganglion,  including  only  a  portion  of  the  root.  Within  the  foramen, 
is  the  main  ganglion,  including  all  of  the  filaments  of  the  trunk,  called  the 
petrous  ganglion,  or  the  ganglion  of  Andersch. 

At  or  near  the  ganglion  of  Andersch  the  glosso-pharyngeal  usually 
receives  a  delicate  filament  from  the  pneumogastric.  This  (jommunication 
is  sometimes  wanting.  The  same  may  be  said  of  a  small  filament  passing  to 
the  glosso-pharyngeal  from  the  facial,  which  is  not  constant.  Branches  from 
the  glosso-pharyngeal  go  to  the  otic  ganglion  and  to  the  carotid  plexus  of  the 
sympathetic. 

The  distribution  of  the  glosso-pharyngeal  is  quite  extensive.  The  tym- 
panic branch,  the  nerve  of  Jacobson,  arises  from  the  anterior  and  external 
part  of  the  ganglion  of  Andei-sch,  and  enters  the  cavity  of  the  tympanum, 
where  it  divides  into  six  branches.  Of  these  six  branches,  two  posterior  are 
distributed  to  the  mucous  niembrane  of  the  fenestra  rotunda  and  the  mem- 
brane surrounding  the  fenestra  ovalis ;  two  anterior  are  distributed,  one  to 
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the  carotid  canal,  where  it  fina^stomones  with  a  branch  from  the  8ii|Kiiore 
vical  ganglion,  and  the  other  to  the  mucous  merobi^ane  of  Ihe  Eustachki ' 


1*  iir^ge  root  of  tlle  fifth  nerve  i  2,  ganelloii  of  Gassier  :  S,  onhthstmic  dlrkkm  of  t^  -ij* 

euudUWy  dlvUlion  ;  \  inferior  maxiUary  fiivi»hm  ;  ^  10.  }in{funl  hrai%^  of  thr  ■>■■  ^ 

S^ments  of  th*  fhortin  iitmiiam  :  1.  ij ranch  from  th*-  ^^ijlilirieni&l  to  tb<e  lini?ii£ti  ,.- nru 

r'                      'fii;9,  inr-r                     ner«'e;1h^                     v  ^nfd^on  ;  ^iilbcMnld' 

I'                      tal  nerve;  :                     f>eHy  of  Kh-                     miist'le;  U  b»B|fl»^IH' 

pkitriiugKiii  tti  ihf  stifltf'fjlo-iiXtijf  tttuJ  the  sttflfp-phnt^itiftu.*  tnusclt*  ^  tS,  lU,  juu.'umoiPtflirir ;  ft  II. 
g-snirlia  of  the  imeuinog^aJKtric  ;  ^  ^,  superior  Itujngehl  ui^rw  ;  21,  spinal  acc«Bioiry  ;  3M,SkA»^> 
88,  stibllngiial  iierve  snd  brauch«4. 

tube ;  two  superior  branches  are  distributed  to  the  otic  ganglion  and,  w  ii 
stated  by  some  anatomiats,  to  the  spheno-palatine  ganglion, 

A  little  below  the  posterior  foramen  lacerum  the  giosso-pharyngeal  spiwU 
branches  to  the  posterior  belly  of  the  digastric  and  to  the  i»tylo-hyoid  iniuk 
cle.  There  is  also  a  branch  which  joins  a  filament  from  the  facial  to  ih* 
stylo-giossus. 

Opposite  the  middle  constrictor  of  the  pharynx  three  or  four  hrancbe* 
join  branches  from  the  pneuniogastric  and  the  sympathetic,  to  form  toge<h«f 
the  pharyngeal  plexus.  This  plexus  contains  a  number  of  ganglioato  [mn% 
and  filaments  of  distribution  from  the  three  nerves  go  to  tbe  mucous  meiD* 
bmne  and  to  the  constrictors  of  the  pharynx.  The  mucous  membrane  probft- 
bly  is  supplied  by  the  glosno-pbaryngeah  It  is  probable,  abo,  that  the  ii*t»- 
cles  of  the  pharynx  ai'c  suppHAMl  by  filaments  from  the  pneumogiislric,  wbick 
are  derived  originally  from  the  spinal  accessory. 
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Near  the  base  of  the  tongue  branches  are  sent  to  the  mucous  membrane 
covering  the  tonsils  and  the  soft  palate. 

The  lingual  branches  penetrate  the  tongue  about  midway  between  its 
border  and  centre,  are  distributed  to  the  mucous  membrane  at  its  base  and 
are  connected  with  certain  of  the  papillae. 

Oeneral  Properties  of  the  Glosso-Pharyngeah — To  ascertain  the  general 
properties  of  this  nerve,  it  must  be  stimulated  at  its  root,  before  it  has  con- 
tracted anastomoses  with  other  nerves,  and  the  nerve  must  be  divided  in 
order  to  avoid  reflex  phenomena.  Taking  these  precautions  it  has  been 
found  that  stimulation  of  the  peripheral  end  of  the  nerve  does  not  give  rise 
to  muscular  movements  (Longet).  There  can  be  no  doubt  of  the  fact  that 
the  nerve  is  sensory,  although  its  sensibility  is  somewhat  dull.  In  experi- 
ments in  which  the  nerve  has  seemed  to  be  insensible  to  ordinary  impressions, 
it  is  probable  that  the  animals  operated  upon  had  been  exhausted  more  or 
less  by  pain  and  loss  of  blood  in  the  operation  of  exposing  the  nei*ve,  which, 
it  is  well  known,  abolish  the  sensibility  of  some  of  the  nerves. 

Experiments  upon  the  glosso-pharyngeal  are  not  very  definite  and  satis- 
factory in  their  results  as  regards  the  general  sensibility  of  the  base  of  the 
tongue,  the  palate  and  the  pharynx.  The  sensibility  of  these  parts  seems  to 
depend  chiefly  upon  branches  of  the  fifth,  passing  to  the  mucous  membrane, 
through  MeckePs  ganglion.  Experiments  show,  also,  that  the  reflex  phe- 
nomena of  deglutition  take  place  mainly  through  these  branches  of  the  fifth, 
and  that  the  glosso-pharyngeal  has  little  or  nothing  to  do  with  the  process. 
In  fact  after  division  of  both  glosso-pharyngeal  nerves,  deglutition  does  not 
seem  to  be  affected. 

Relations  of  the  Olosso- Pharyngeal  Nerves  to  Oustation, — Relying  upon 
experiments  on  the  inferior  animals,  particularly  dogs,  it  seems  certain  that 
there  are  two  nerves  presiding  over  the  sense  of  taste :  The  chorda  tympani 
gives  this  sense  to  the  anterior  two-thirds  portion  of  the  tongue  exclusively ; 
the  glosso-pharyngeal  supplies  this  sense  to  the  posterior  portion  of  the 
tongue ;  the  chorda  tympani  seems  to  have  nothing  to  do  with  general  sensi- 
bility ;  while  the  glosso-pharyngeal  is  an  ordinary  sensory  nerve,  as  well  as  a 
nerve  of  special  sense. 

Where  there  are  such  differences  in  the  delicacy  of  the  sense  of  taste  as 
exist  usually  in  different  individuals,  it  must  be  difficult  to  describe  with 
accuracy  delicate  shades  of  savor,  particularly  in  alimentary  substances ;  but 
the  distinct  impressions  of  acidity  or  of  bitter  quality  are  easily  recognizable. 
It  is  certain,  however,  that  saline,  acid  and  styptic  tastes  are  best  appreciated 
through  the  chorda  tympani,  and  that  sweet,  alkaline,  bitter  and  metallic 
impressions  are  received  mainly  by  the  glosso-pharyngeal. 

Mechanism  of  Gustation, — Articles  which  make  the  special  impression 
upon  the  gustatory  organ  are  in  solution ;  introduced  into  the  mouth,  they 
increase  the  flow  of  saliva,  the  reflex  action  involving  chiefly  the  submaxillary 
and  sublingual  glands ;  there  is  usually  more  or  less  mastication,  which  in- 
creases the  flow  of  the  parotid  saliva ;  and  during  the  acts  of  mastication  and 
the  first  stages  of  deglutition,  the  sapid  substances  are  distributed  over  the 
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ustatory  membrane,  so  extvensively,  indeed,  that  it  Is  difl^calt  to  exacthi 
llie  seat  of  the  special  imprassion.  In  thU  way,  bv  the  maveancnts  of  tl^l 
tongue,  aided  by  an  increased  flow  of  saliva,  the  actual  contact  of  thv  ann 
articles  is  rapidly  effected*  The  thorough  distribution  of  these  mbstaflo 
over  the  tongue  and  the  mucous  membrane  of  the  geuend  buccal  caritrksit 
to  Bome  confusion  in  the  appi'eciation  of  the  special  imprewoBf;  mj  ta 
order  to  ascertain  if  different  portion*  of  the  membrane  pomem  Jifleim 
properties,  it  is  necessary  to  make  careful  experiments  liniittng  Ibe  ftialb 
of  contact  as  exactly  as  possible.  This  baa  been  done,  vitb  the  reiult «/ 
showing  that  the  true  gustatory  urgan  is  quite  restricted  in  it«  esctenL 

Phy$iologiml  Atmtomy  of  th^  Onjan  of  TuMt. — Anatomical  and  phy<y- 

lugical  rc»c*r  fr* 
ha%^  sbovn  tiu:. 
iitle»it  intbi^Li 
man  6obj< 
organ  of^ 
prohabtj  ii 
fined  to  Ui^  I 
^urfaoo  III 
tonj^e   and 


6--J 


Tbeopperi 
of  thelongQepm-' 
eeataalar^iMO- 
her  of  speetil  f*- 
pUlie,  mikd,  m 
oontimdistjiicuaii 
iotheftliforffi}a' 
pillie,  fun^ocB 
and  ctRnimfit- 
tale.  These  ir 
not  found  ob  ii« 
under  surface  or 
anywhere  eicffpt 
on  the  sopenor  ^ 
portion;  aiul  ill 
now  well 
li&hed  ttiat_ 
circum 
fungiform 


Pto.  ^SB^^PapOUE  of  the  tongue  iSafitMrf  k 

J,  1^  drcumvftJUte  |ittpill»;  i,  mv^lma  drvtatnTaUate  paoflU  which  enUr^tr    ^l^tie  ContAlA 
flUfl  ihe  for«m«n  cfBcum  :  3.  S.  a^  9,  fungirorm  Mpillii^  nn  m- 

pole ;  5,  3.  TerUcal  folds  and  furrowfl  of  the  bordisr  of  i  '.  n,  0. 

D,  j^buids  ftt  the  bMe  of  Ut6  Umgtw  ;  7,  7^  UMksDg  ;  8,  <?pi^  JtfdittA 

giomo-«pU7lottldemii  fold. 


organs   of   iut^ 
Experiment*  ap- 
on  the  gustatory 
organs^  by  the  application  of  solutions  to  different  parts  through  fine,  gb* 
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t  have  shown  that  the  mucous  membrane  around  a  papilla  has  no  gusta- 
tory sensibility,  but  that  diifer^nt  savors  can  be  distinguisheil  when  a  single 
I  papilla  is  touched  (Camerer). 
In  Fig*  238,  which  represent*  the  dorsal  surface  of  the  tongue,  the  large, 
circumTallate  papilise,  usually  scn'en  to  twelve  in  number,  are  seen  in  the 
form  of  an  inverted  V,  occupying  the  base  of  the  tongue.  The  fungiform 
P^illie  are  scattei'ed  over  the  surface  but  are  most  abundant  at  the  |xiint  and 
Bear  the  b*>rder8*  Both  of  these  varieties  of  papilli®  are  distingukhable  by 
the  miked  eye. 

The  cireumvallate  papillaB  simply  are  enlarged,  fungiform  papilla?,  eacli 
\  surrounded  by  a  cii-cular  ridge,  or  wall,  and  eovered  by  small,  secondary 


Fio*  VX^.—Medium-9i'&fd  cireumvallate  Fio,  940.— Pungi/onn,  fittform,  and  liemi- 

papiUa  f Sappey  i .  /tphe  rienl  j m  ft  Uke  <  Sappey  ]k 

in*  299,— 1«  psplllA«  the  hiiae  onlj'  beiD^r  appai^nt  {It  in  B«»en  that  tlie  boat'  la  ixuvered  with  BecondAiy 
pttpillc) ;  Z.  f^TfKtve'  betw«^«ii  thu"  pApilln  tim\  the  liurrounilfiitir  wall  ;  3,  H,  wall  at  tlie  papULa. 
I  Fta.  9«b<— 1,  1,  two  fun^ifomi  papilki?  t*ov<*n-i!  with  RecomlRrv  paiiillie  ;  2.  2,  2.  ttUforrn  pajpillie  ;  S,  ft 
Rllfryrjn  papilla^  th**  ppolorniralifJiis  of  which  Arv  turtned  outward  ;  4.  a  filiform  papilla  with  v^rttcttl 
pn»I<»u^atioa» :  fi,  T*,  HmulJ  tllifnriu  jmpilJie  with  thf  prolonj^utiouH  tunitnl  inward;  IK  fi,  flilifornti 
j>.i[<kllii^  wiUi  dtriatiotis  at   tlu'ir  htrnt^n  ;   7,  7.  bemispDericaJ  papilla%  aUghUy  upporeut,  dtuatadl 
between  the  fungiform  and  Llit*  filiform  i^apUIffi. 

papillge.  The  fungiform  luipillfB  have  each  a  short,  thick  fjedicle  and  an  en- 
large<i,  rounded  extremity.  Accord i rig  to  Sappey,  one  hundrtHl  and  fifty  to 
two  hundred  of  these  can  easily  be  counted.  These,  also,  present  small,  sec- 
ondary psipilla^  on  their  surface.  When  the  mucous  membrane  of  the  tongue 
ifi  examined  with  a  low  magnifying  power,  particularly  after  maceration  in 
acetic  or  in  dilute  hydrochloric  acid,  their  structure  is  readily  observed* 
They  are  abundantly  supplied  with  blood-vessels  and  nerves* 

Several  glandular  structures  are  found  beneath  the  mucous  membrane  of 
the  tongue.  On  either  side  of  the  frenum,  near  the  point,  is  a  gland  about 
three-quarters  of  an  inch  (20  mm.)  long  and  one-third  of  an  inch  (8*5  mm.) 
broad,  which  has  five" or  six  little  openings  on  tlie  under  surface  of  tlie 
tongue  (Blandin  and  Nuhn).  Near  the  ta^ite* beakers,  are  small,  racemose  ■ 
glands,  whicli  discharge  a  watery  secretion,  by  minute  ducts  which  open  into 
the  grooves  within  the  walls  of  the  cireumvallate  papilh^  (Ebner). 

Tfi^'fie'Beukers,-^\jii\vni\nd  Schwalbe  (1807)  described,  under  this  name, 

peculiar  structures  which  are  supposed  to  be  the  true  organs  of  taste.     They 

are  found  on  the  lateral  slopes  of  the  cireumvallate  papillte  and  occasionally 
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on  the  fungiform  papillae.  Their  structure  is  very  simple. 
flask-like  collections  of  spindle-shaped  cells,  which  are  re 
excavations  in  the  epithelial  coYeriog  of  the  mucous  membrane,  the  ht^iUm 
resting  upon  the  connective- tissae  layer.  Their  form  Is  ovoid,  aal  at  lb 
neck  of  each  ilask,  is  a  rounded  openings  called  the  taste-pora  Tbtif  hofk 
is  rbr  ^  jh  ^^  ^^  ^^^^  (71  to  83  /i),  and  their  traiusrerae  diameirr,  al^t 
^  of  an  inch  (41  ft).  The  cavity  of  the  taste-beakers  is  filled  with  odkof 
which  two  kinds  are  described.  The  first  variety,  the  outer  cells*  or  tht 
cells,  are  spindle-shaped,  and  curved  to  corre-spond  to  the  wall  of  the 
These  come  to  a  point  at  the  taeie-pore.  In  the  interior  of  the  bnkerm 
elongated  cells,  with  large^  clear  nuclei,  which  are  called  taate-cetlfl^  Acooid* 
ing  to  Engelmann,  delicate,  hair-like  processes  are  connected  with  the  ta»t^ 
cells  and  extend  through  the  taste-pores,  in  the  form  of  very  fine  filamenu 

Bodies  similar  to  the  taste-heik- 


W 


Tm.  Ztl^—T^gte-henkerM,  from  ihf  Jat^rat  taMe^rgan  of 
the  rabhit  [Eng&iniAODi. 


ers  have  been  found  on  the  ja- 
pillae  of  the  soft  palate  and  ut 
the  mucous  membrane  of  the  4 
glottis  and  some  part^  of  tlw  I 
of  the  larynx.  As  regardi 
structures  in  the  tongnei  if 
been  found  that  four  of 
months  after  section  of  tbe][ 
pharyngeal  on  one  side  in  niAi% 
the  taste-buds  on  the  corre^inl- 
ing  side  of  the  posterior  poftiwid 


the  tongue  disappear,  while  they  remain  perfect  on  the  sound  side  (Vi 
gau  and  Ilonigschmied). 

According  to  the  ^iews  of  those  who  have  described  the  so-calle 
beakers,  sapid  solutions  find  their  way  into  the  interior  of  theec  ^tro^ww 
through  the  taste-jjores  and  ex>me  in  C4>ntact  with  the  taste-celk,  tbeie  mO$ 
being  directly  connected  with  the  terminal  filaments  of  the  gtistatoiT] 

Ferrier  has  described  a  taste-centre  near  the  so-called  olfactory  < 
the  unicate  gyrus ;  but  his  observations  are  not  very  definite,  and  the  I 
of  a  centre  for  gustation  must  be  regarded  as  undetermined. 
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CHAPTER  XXII. 

viaioK, 

coi]sidentioiu--OpUc  (second  nerve)— Genera)  properties  of  the  optic  nerree— Physiological  anat* 
omy  of  the  eyeball— Sclerotic  coat— Cornea— Choroid  coat— Ciliary  mascle—Iria— Pupillary  membrane 
—Retina— Crystalline  lens— Aqueous  humor— Chambers  of  the  eye— Vitreous  humor— Summary  of  the 
anatomy  of  the  globe— The  eye  as  an  optical  instrument— Certain  laws  of  refraction,  dispersion  etc, 
bearing  upon  the  physiology  of  vision- Ref  raction  by  lenses— Visual  purple  and  visual  yellow  and  ac- 
eommodation  of  the  eye  for  different  degrees  of  illumination— Formation  of  images  in  the  eye— Mechan- 
inn  of  refraction  in  the  eye— Astigmatism— Movements  of  the  iris— Direct  action  of  light  upon  the  iris 
—Action  of  the  nervous  system  upon  the  Iris— Mechanism  of  the  movements  of  the  iris— Accommoda- 
tion of  the  eye  for  vision  at  different  distances— Changes  in  the  crystalline  lens  in  accommodation- 
Changes  in  the  iris  in  accommodation— Erect  impressions  produced  by  images  inverted  upon  the  retina 
—Field  of  indirect  vision— The  perimeter— Binocular  vision— Corresponding  points— The  horopter— 
Duration  of  luminous  impressions  (after-tmagcs)—Irradiation— Movements  of  the  eyeball— Muscles  of 
the  eyeball— Centres  for  vision— Parts  for  the  protection  of  the  eyeball— Conjunctival  mucous  membrane 
—Lachrymal  appaiatua— Composition  of  the  tears. 

The  chief  important  points  to  be  considered  in  the  physiology  of  vision 
are  the  following : 

1.  Tha  physiological  anatomy  and  the  general  properties  and  uses  of  the 
optic  nerves. 

2.  The  physiological  anatomy  of  the  parts  essential  to  correct  vision. 

3.  The  laws  of  refraction,  diffusion  etc.,  bearing  upon  the  physiology  of 
vision. 

4.  The  action  of  the  different  part^  of  the  eye  in  the  production  and 
appreciation  of  correct  images. 

5.  Binocular  vision. 

6.  The  physiological  anatomy  and  uses  of  accessory  parts,  as  the  muscles 
which  move  the  eyeball. 

7.  The  physiological  anatomy  and  uses  of  the  parts  which  protect  the 
eye,  as  the  lachrymal  glands,  eyelids  etc. 

Optic  (Second  Nerve). 

The  bands  which  pass  from  the  tubercula  quadrigemina  to  the  eyes  are 
divided  into  the  optic  tracts,  which  extend  from  the  tubercula  on  either  side 
to  the  commissure,  or  chiasm,  the  chiasm,  or  the  decussating  portion,  and 
the  optic  nerves,  which  pass  from  the  chiasm  to  the  eyes. 

The  optic  tracts  arise  each  one  by  two  roots,  internal  and  external.  The 
internal  roots,  which  are  the  smaller,  arise  from  the  anterior  tubercula  quadri- 
gemina, and  pass  through  the  internal  corpora  geniculata,  to  the  optic  chiasm. 
The  external  roots,  which  are  the  larger,  arise  from  the  posterior  part  of  the 
optic  thalami,  pass  to  the  external  corpora  geniculate,,  from  which  they  receive 
fibres,  and  thence  to  the  chiasm. 

Partly  by  anatomical  researches  (Wernicke)  and  partly  by  experiments  on 
the  cerebral  cortex  in  the  lower  animals  and  pathological  observations  on  tlie 
human  subject,  it  has  been  shown  that  fibres  from  the  apparent  origin  of  the 
optic  tracts  pass  backward  to  the  gray  matter  of  the  occipital  lobes  of  the 
cerebrum.     It  has  also  been  stated  by  Stilling  that  fibres  pass  to  the  medulla 
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oblongata,  extend  down  as  far  as  tlie  deoui?sation  of  the  pyramids,  and  pmbi* 
bly  are  concerned  in  the  reflex  movements  of  the  iriB. 

The  two  roots  of  each  optic  tract 
above  the  external  corpus  geniculatunu  foraK^ 
ing  a  flattened  band^  which  takes  nn  uliUqni 

coulee  around  the  under  surface  of  therm 

^^^^y^  cerebri,  to  the  optic  oonimissure. 

^3^^.,^,,^  The  optic  commissure^  or  chiaBOL,  ii  atn- 

ated  just  in  front  of  the  corpus  daamim, 
resting  upon  the  olivary  pnx^ess  of  the  sjiixs 
noid  bone*  As  it^  name  implies,  thk  k  th» 
I>oint  of  union  between  the  nerves  of  the 
side^  At  the  commissure  the  fibres  from 
^17  optic  tracts  take  three  directions;  and  in 
ditioa,  the  commissure  cx^ntains  filaments  \m^ 
ing  from  one  eye  to  the  other,  which  have  m> 
connection  with  the  optic  tracts.  The  fonr 
sets  of  fibres  in  the  optic  commissure  are  tix 
following: 

1,  Decussating  fibres,  passing  from  the 
tic  tract  upon  either  side  to  the  eye  of  the 
posite  side.      The  greatest  jmrt  of  the 
take  this  direction.     Their  relative  situatiaa| 
intemaL 

2.  External  fibres,  fewer  than  the  pi 
ing,  which  pass  from  the  optic  tract  to  the  m 
ujKjn  the  same  side. 

3.  Fibres  situated  on  the  posterior  boundary  of  the  cominiaBure,  wkick 
pass  from  one  optic  tract  to  the  other  and  do  not  go  to  the  ejea.  Thmt  Ibm 
are  scanty  and  are  sometimes  wanting. 

4  Fibres  situated  on  the  anterior  border  of  the  commiasnie,  greakf  ifi 
number  than  the  preceding,  which  pass  from  one 
eye  to  the  other  and  which  have  no  connection 
with  the  optic  tracts. 

The  fibres  of  the  optic  tracts  upon  the  two 
sides  are  connected  with  distinct  portions  of  the 
retina.  This  fact  is  ilhistrated  in  cases  of  hemi- 
anoi>sia,  which  show  that  the  decussating  fibres 
liave  the  following  directions  and  distribution: 

From  the  left  side  of  the  encephulon,  fibres  m  ftir  rr  jit  i  i  ij-ni  ii  i 
pass  to  the  right  eye,  supplying  the  inner,  or  na-        mittm.  ^^ 

sal  mathematical  half  of  the  retina,  from  a  ver-  ""^  ^"^^aSmit^mm^^ 
tic4il  line  [jassing  through  the  macula  hitea.     Fi- 
bres also  pass  to  the  left  eye,  supplying  the  outer,  or  temporal  half  dl  flit 
retina.     The  macula  lutea,  then,  and  not  the  point  of  entrunoe  of  tlm 
nerve,  is  in  the  true  line  of  di\ision  of  the  retina* 


Fio.  ^i£,— Optic  IratU^  eommiMturt 
and  nerves  (HlrsehfeldK 

1»  infuoilibulum  :  2,  cotytu^  riner^um  ,* 
8»  corpora  albicantia  ;  4,  cerebral 
peduncle  ;  5,  p<:>Ds  Varolii  ;  fi.  *tpttc 
hmcU  arui  werrta,  decwtmiiiuii  at 
the  oommiiirurt,  or  chiasm  ;  7,  mo- 
tor ocuU  cottimunifi ;  S,  pathetlcua  ; 
9,  flfUi  nerve ;  10,  motor  ot»ali  ejc- 
tpmus ;  1 1 ,  facial  nervo  ;  it>,  aud- 
itory nerve  :  la,  nerve  of  Wris- 
herg ;  14.  f^kiMo^pluuTng^al  oerve; 
15.  poeumogMtHc ;  16,  sptnal  ac- 
ixmory  ;  17,  miblitijcUAl  nerve. 
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With  the  exception  of  a  few  grayish  filaments,  the  fibres  of  the  optic 
tracts  and  the  optic  nerves  are  of  the  ordinary,  medullated  variety,  and  they 
present  no  differences  in  structure  from  the  general  cerebro-spinal  nerves. 

The  optic  commissure  is  covered  with  a  fibrous  membrane  and  is  more 
resisting  than  the  optic  tracts.  The  optic  nerves  are  rounded  and  are  enclosed 
in  a  double  sheath  derived  from  the  dura  mater  and  the  arachnoid.  They 
pass  into  the  orbit  upon  either  side  and  penetrate  the  sclerotic,  at  the  pos- 
terior, inferior  and  internal  portion  of  the  globe.  As  the  nerves  enter  the 
globe,  they  lose  their  coverings  from  the  dura  mater  and  arachnoid.  The 
sheath  derived  from  the  dura  mater  is  adherent  to  the  periosteum  of  the  orbit, 
at  the  sphenoidal  fissure,  and  when  it  reaches  the  globe,  it  fuses  with  the 
sclerotic  coat.  Just  before  the  nerves  penetrate  the  globe  they  each  present 
a  well-marked  constriction.  At  the  point  of  penetration  there  is  a  thin  but 
strong  membrane,  presenting  a  number  of  perforations  for  the  passage  of  the 
nervous  filaments.  This  membrane,  the  lamina  cribrosa,  is  in  part  derived 
from  the  sclerotic,  and  in  part,  from  the  coverings  of  the  individual  nerve- 
fibres,  which  lose  their  investing  membranes  at  this  point.  In  the  interior 
of  each  eye  there  is  a  little,  mammillated  eminence,  formed  by  the  united 
fibres  of  the  nerve.  The  retina,  with  which  the  optic  nerve  is  connected,  will 
be  described  as  one  of  the  coats  of  the  eye. 

In  the  centre  of  the  optic  nerve,  is  a  minute  canal,  lined  by  fibrous  tissue, 
in  which  are  lodged  the  central  artery  of  the  retina  and  its  corresponding 
vein,  with  a  delicate  nervous  filament  from  the  ophthalmic  ganglion.  The 
vessels  penetrate  the  optic  nerve  i  to  J  of  an  inch  (8-5  to  19*1  mm.)  behind 
the  globe.    The  central  canal  does  not  exist  behind  these  vessels. 

General  Properties  of  the  Optic  Nerves, — There  is  very  little  to  be  said 
regarding  the  general  properties  of  the  optic  nerves,  except  that  they  are  the 
only  nerves  capable  of  conveying  to  the  cerebrum  the  special  impressions  of 
sight,  and  that  they  are  not  endowed  with  general  sensibility. 

That  the  optic  nerves  are  the  only  nerves  of  sight,  there  can  be  no  doubt. 
Their  division  or  injury  always  involves  loss  or  impairment  of  vision,  directly 
corresponding  with  the  extent  of  the  lesion.  It  is  important,  however,  to 
note  that  they  are  absolutely  insensible  to  ordinary  impressions.  "  We  can, 
in  a  living  animal,  pinch,  cauterize,  cut,  destroy  in  any  way  the  optic  nerve 
wiihoat  giving  rise  to  the  slightest  painful  sensation ;  whether  ic  be  taken 
before  or  after  its  decussation,  it  seems  completely  insensible  in  its  entire 
length  "  (Longet). 

Not  only  are  the  optic  nerve  and  retina  insensible  to  pain,  but  their 
stimulation  produces  luminous  impressions.  This  was  stated  in  the  remark- 
able paper.  Idea  of  a  New  Anatomy  of  the  Brain^  printed  by  Charles  Bell, 
in  1811.  A  few  years  later,  Magendie,  in  operating  for  cataract,  passed  the 
needle  to  the  bottom  of  the  eye  and  irritated  the  retina,  in  two  persons.  The 
patients  experienced  no  pain  but  merely  an  impression  of  flashes  of  light. 
The  insensibility  of  the  optic  nerves  has  also  been  repeatedly  noted  in  surgical 
operations  in  which  the  nerves  have  been  exposed.  If  an  electric  current  be 
passed  through  the  optic  nerves,  a  sensation  of  light  is  experienced.     The 
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same  phenomenon  is  observeti  when  the  eyeball  h  pressed  apon  or  i 
a  fact  which  is  sufticieutly  fain i  liar. 

Physiological  Anatomy  op  the  Eyeball, 

The  eyeball  is  a  spheroidal  body,  partially  embedded  in  a  coshion  af  Ui 
in  the  orbit,  protected  by  the  Burrounding  bony  structnree  and  the  eyilidiiJ 
its  surface  bathed  by  the  secretion  of  the  lachrymal  gland,  and  moTabk  ii 
various  directions  by  the  action  of  certain  rausoles.     It  is  8urT<»i 
thin,  serous  sac,  the  capsule  of  Tenon,  which  exists  in  two  layer**, 
layer  lies  next  the  fatty  layer  in  which  the  globe  is  embedded,  and  the  in 
layer  invests  the  sclerotic  coat.     When  the  axis  of  the  eye  is  directed  fa 
ward,  the  globe  has  the  form  of  a  spliere,  in  its  posterior  five-sixths,  witht 
segment  of  a  smaller  sphere  occupying  its  anterior  sixth.     The  segment  i 
the  smaller  sphere,  bounded  externally  by  the  cornea,  is  more  prominci 
than  the  rest  of  the  surface. 

The  eyeball  is  made  up  of  several  coats  enclosing  certain  refrvtiij 
media.  Tlie  external  coat  is  the  sclerotic,  covering  the  posterior  tire-flit) 
of  the  globe,  which  is  continuous  with  the  cornea,  covering  the  »nti 
sixth.  This  is  a  dense,  opaque,  fibrous  membrane,  for  the  protection  of 
inner  coats  and  tlie  contents  of  the  globe.  The  cornea  is  dense, 
and  perfectly  transpai'ent.  The  musclejs  that  move  the  globe  of  the  eye 
attached  to  the  sclerotic  coat. 

Were  it  not  for  the  prominence  of  the  cornea,  the  eyeball  would  ; 
very  nearly  the  form  of  a  perfect  sphere,  as  will  be  seen  by  the  foUoi 
measurements  of  its  various  diameters;  but  the  prominence  of  its  ant 
sixth  gives  the  greatest  diameter  in  the  antero-posterior  direction. 

The  form  and  dimensions  of  the  globe  are  subject  to  considerable  ^ 
tions  after  death,  by  evapomtion  of  the  humors,  emptying  of  veeseb, « 
and  there  is  no  way  in  which  the  normal  conditions  can  be  restored* 
most  exact  measurements  are  those  made  by  Sappey.    As  an  illustratioo  ( 
the  post-mortem  changes  in  the  eye,  Sappey  has  given  comparative  mjeaffo^ 
ments  made  three  hours  and  twenty-four  hours  after  death,  the  reralteot 
which  presented  very  considerable  differences* 

In  measurements  ma<]e  by  Sappey,  one  to  four  hours  after  death,  of 
eyes  of  twelve  adult  females  and  fourteen  adult  males,  of  different  age8|t 
following  mean  results  were  obtained  ; 
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From  these  results  it  is  seen  that  all  the  diameters  are  less  in  the  f 
than  in  the  male.  The  antero-posterior  diameter  is  the  greatest  of  al 
the  vertical  diameter  is  the  shortest.     The  measurements  at  liiffereat 
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not  cited  in  the  table  just  given,  show  that  the  excess  of  the  antero-posterior 
diameter  over  the  others  is  diminished  by  age. 

Sclerotic  Coat. — The  sclerotic  is  the  dense,  opaque,  fibrous  covering  of 
the  posterior  five-sixths  of  the  eyeball.  Its  thickness  is  different  in  different 
portions.  At  the  point  of  penetration  of  the  optic  nerve,  it  measures  ^  of 
an  inch  (1  mm.)  It  is  thinnest  at  the  middle  portion  of  the  eye,  measuring 
about  ^  of  an  inch  (0*5  mm.),  and  is  a  little  thicker  again  near  the  cornea. 
This  membrane  is  composed  ehiefiy  of  bundles  of  ordinary  connective  tissue. 
The  fibres  are  slightly  wavy,  and  are  arranged  in  flattened  bands,  which  are 
alternately  longitudinal  and  transverse,  giving  the  membrane  a  lamellated 
appearance,  although  it  can  not  be  separated  into  distinct  layers.  Mixed 
with  these  bands  of  connective- tissue  fibres,  are  small  fibres  of  elastic  tissue. 
The  vessels  of  the  sclerotic  are  scanty.  They  are  derived  from  the  ciliary 
vessels  and  the  vessels  of  the  muscles  of  the  eyeball.  The  tissue  of  the  scle- 
rotic yields  gelatine  on  boiling. 

Cornea. — The  cornea  is  the  transparent  membrane  which  covers  about 
the  anterior  sixth  of  the  globe  of  the  eye.  As  before  remarked,  this  is  the 
most  prominent  portion  of  the  eyeball.  It  is  in  the  form  of  a  segment  of  a 
sphere,  attached  by  its  borders  to  the  segment  of  the  larger  sphere  formed 
by  the  sclerotic.  The  thickness  of  the  cornea  is  about  ^  of  an  inch  (0-8  mm.), 
in  its  central  portion,  and  about  ^  of  an  inch  (1  mm.)  near  its  periphery.  Its 
substance  is  composed  of  transparent  fibres,  arranged  in  incomplete  layers, 
something  like  the  layers  of  the  sclerotic.  It  yields  chondrine  instead  of 
gelatine  on  boiling. 

Upon  the  external,  or  convex  surface  of  the  cornea,  are  several  layers  of 
delicate,  transparent,  nucleated  epithelium.  The  most  superficial  cells  are 
flattened,  the  middle  cells  are  rounded,  and  the  deepest  cells  are  elongated 
and  arranged  perpendicularly.  These  cells  become  slightly  opaque  and  whit- 
ish after  death.  Just  beneath  the  epithelial  covering  of  the  cornea,  is  a  very 
thin,  transparent  membrane,  described  by  Bowman  under  the  name  of  the 
"  anterior  elastic*  lamella."  This  membrane,  with  its  cells,  is  a  continuation 
of  the  conjunctiva. 

The  proper  corneal  membrane  is  composed  of  very  pale,  flattened  bundles 
of  fibres,  interlacing  with  each  other  in  every  direction.  Their  arrangement 
is  lamellated,  although  they  can  not  be  separated  into  complete  and  distinct 
layers.  Between  the  bundles  of  fibres,  lie  a  great  number  of  stellate,  anasto- 
mosing, connective-tissue  corpuscles.  In  these  cells  and  in  the  intervals  be- 
tween the  fibres,  there  is  a  considerable  quantity  of  transparent  liquid.  The 
fibres  constituting  the  substance  of  the  cornea  are  continuous  with  the 
fibrous  structure  of  the  sclerotic,  from  which  they  can  not  be  separated  by 
maceration  At  the  margin  of  tlie  cornea  the  opaque  fibres  of  the  sclerotic 
abruptly  become  transparent.  The  corneal  substiince  is  very  tough,  aud  it 
will  resist  a  pressure  sufficient  to  rupture  the  sclerotic. 

Upon  the  posterior,  or  concave  surface  of  the  cornea,  is  the  membrane  of 
Descemet  or  of  Demours.  This  is  elastic,  transparent,  structureless,  rather 
loosely  attached,  and  covered  with  a  single  layei  ot  regularly  polygonal,  nu- 
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cleatetl  epithelium.  At  the  circumferenee  of  the  eomeii^  a  portion  of  lim 
membrane  passes  to  the  anterior  surface  of  the  iris,  in  the  form  of  a  numbrr 
of  processes  which  constitute  the  Hgamentum  iridis  pectinatum*  a  poixm 
passes  into  the  substance  of  the  ciliary  muscle,  and  a  portion  iJi  coatmnnm 
with  the  fibrous  structure  of  the  Si?lerotic, 

In  the  adult  tlie  cornea  is  almost  without  bloml-veaaela,  but  in  f/ntil  lifi 
it  present^i  a  rich  plexus  extending  nearly  to  the  centre.  These  tiiMjipttr, 
however,  before  birth,  leaving  a  very  few  delicate,  looped  vessels  at  the  ei* 
treme  edge. 

In  the  cornea  fine  nerve-fibres  terminate  in  the  nuclei  of  the  pcwtfrw 
layer  of  the  epithelium  of  its  convex  surface.  .  The  cornea  also  wntiiB* 
lymph-spaces  and  the  so-called  "wandering  cells,"  The  surfmieof  the  cor- 
nea is  exquisitely  sensitive. 

Choroid  VouL — Calling  the  sclerotic  and  the  cornea  the  first  coat  of  tht 
eyeball,  the  second  is  tlie  choroid,  with  the  ciliary  processes,  tl  moi- 

cle  and  the  i  •  a§mu 

^  called  by  the  older  mUs^ 

mi:^t«  the  uvea,  a  nuDe 
which  was  latar  applki 
sometimes  to  the  entire  irit, 
and  sometimes  to  its  pos- 
terior, or  pigmentary  kjfci; 
The  choroid  and 
processes  mil  be  d< 
together  as  the  secvjnd  wat* 
The  ciliary  t 
iris  will  hi' 
rately. 

The  tiioruui  u 
guts.hed  from  the  (»ther  cwi 
of  the  eye  by  iU  dark  tdi 
and  i  t^  o^reat  va^t  i  '  !f 

,  apHc  OfTve  :  t,  t,  2, 2.  .1, 8.  H,  4,  «cli»rotic toaU  divided  and  turnwi    OCCU pies  t  hat  |H» 

back  to  show  the  choroid  :  5.  5,  5,  5,  the  cornea,  div4d«?d  into    «vTrt>«.  M  nr\rrtxtit^f%Ain»  trt  f 
luroed  bflt-k  ;  0.  6.  cyuml  of  Scblemtn  :  7.    <^>*?^A1  COrreSpOUUmg  10 1 
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Anterior  ciliary  art*rk» ;  14,  irt« ;  I&,  15,  vascutar  clrde  of  Uie 

iria ;  16,  pupU. 


sclerotic      It  ia  perfo»t«d| 
posteriorly    by    the 
nerve  and  is  cooneete*! 
front  with  the  iria.    It 
very  delicate  in  its  structure  and  is  composed  of  two  or  three  diatinet  larr 
Its  thickness  is  ^  to  ^  of  an  inch  (0*3  to  1  mm*)     Its  thinnest  jK)rtion 
at  about  the  middle  of  the  eye.     Posteriorly  it  is  a  little  thicker     Its  thici 
est  portion  is  at  its  anterior  border. 

The  external  surface  of  the  choroid  is  connected  with   the  fcIc 
vessels  and  nerves  (the  long  ciliary  arteries  and  the  ciliary  nerves), ; 
loose,  connective  tissue.     This  is  sometimes  called  the  membraoa  fuscm,  d- 
though  it  can  hardly  be  reganled  as  a  distinct  layer*     It  contaiiis*  ill  iddi" 
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tion  to  blood-vessels,  nerves  timl  fibrous  tissue,  a  few  irregiTlarly  sbapeJ  pig- 
ment-cells. 

The  vascular  layer  of  the  ohoroitl  consists  of  arterici?,  veins  atid  eapillaries, 
arraoojed  in  a  peculiar  mannej*.  The  layer  of  capillary  vessels,  which  is 
internal,  h  sometimes  culled  tlie  tuiiii^a  Huy-^'himuL  The  arteries,  which 
are  derived  from  the  jKii^terior  short  i  iliary  arteries  and  arc  connected  with 
the  capillary  plexus,  lie  just  beneath  tlic  pigmentary  layer  of  the  retina. 
The  plexus  of  capillaries  is  closest  at  the  posterior  portion  of  tlie  nicmbruoe. 
The  veins  are  external  to  the  other  vessels.  They  art?  very  abundant  and  are 
disposed  in  curves  converging  to  four  tmnks.  This  arrangement  gives  the 
veins  a  very  peculiar  ap])earanee,  and  they  have  been  called  the  Vitsa  vorti- 
C08JI.  The  pigmentary  portion  is  coini>oscd,  over  the  greatest  part  of  the 
choroid^  of  a  single  layer  of  regnlarly  polygonal  cells,  somewhat  tlattenetl, 
measuring  y^  to  j^^  of  an  inch  (12  to  1*j  fx)  in  diameter.  These  cells  are 
filled  with  pigmentitry  granulations  of  uniform  size,  and  they  give  to  the 
memhrane  its  characteristic  dark-brown  or  chocolate  color.  The  pigmentary 
granules  in  the  cells  are  less  abundant  nt^r  their  centre,  where  a  clear  nucleus 
can  readily  be  observed.  In  the  anterior  portion  of  the  membrane,  in  front 
of  the  anterior  limit  of  the  retina,  the  cells  are  smaller,  nujre  rounded,  more 
completely  tilled  with  pigment,  and  present  several  layers.  Beneath  the  layer 
of  hexagonal  pigment*cells,  the  interva^cular  spaces  of  the  choroid  are  occu- 
pied by  stellate  pigment-cells.  The  cells  next  the  layer  of  rods  and  cones 
are  regarded  as  constitnti ng  the  outer,  or  pigmentiiry  layer  of  the  retina. 
These  cella  send  little,  hair-like  processes  downward  between  the  rmls  and 
cones. 

Ciliary  Proce^^ftes.^-The  anterior  portion  of  the  choroid  is  arranged  in 
the  fonm  of  folds  or  plak^s  projecting  internally,  called  the  ciliary  processes. 
The  largest  of  these  folds  are  about  ^^  of  an  inch  (2'5  mm.)  in  length.  They 
are  sixty  to  eighty  in  number.  The  larger  folds  are  of  Ticarly  uniform  size 
and  are  regularly  arranged  around  tlie  margin  of  the  crystalline  lens.  Be- 
tween tfiese  folds,  which  constitute  about  two-thirds  of  the  entire  number, 
are  smaller  folds,  lying,  without  any  regular  alternation,  between  tlie  larger. 
Within  the  folds,  are  received  corresponding  folds  of  the  tliick  membrane, 
continuous  anteriorly  with  the  hyaloid  membrane  uf  the  vitreous  humor, 
called  the  zone  of  Zinn. 

The  ciliary  processes  present  blood-vessels^  which  are  somewhat  larger 
than  those  of  the  rest  of  the  choroid.  The  pigmentary  cells  are  smaller  and 
are  arranged  in  several  layers.  The  anterior  lx)rder  of  the  processes  is  free 
and  contains  little  or  no  pigment. 

Cilia r J/  Mnnde. — ^Tliis  muscle,  formerly  known  as  the  ciliary  ligament 
and  now  Bometimes  called  the  tensor  of  the  choroid^  is  the  agent  for  the 
accommodation  of  the  eye  to  vision  at  d liferent  distances.  Unrler  this  view, 
the  ciliary  muscle  is  an  organ  of  great  importance,  and  it  is  essential,  in  tiie 
study  of  accommodation,  to  have  an  exact  idea  of  its  relations  to  the  coats 
of  the  eye  and  to  the  crystalline  k^ns. 

The  form  and  situation  of  the  ciliary  muscle  are  as  follows:  It  surrounds 


I 


678 


SPECIAL  SENSES. 


the  anterior  margin  of  the  choroid,  in  the  form  of  a  ring  aboat  i  of  «  bci 
(8*:^  mnu)  wide  and  ^  of  an  inch  (U  a  mm.)  in  thickne^g  at  iu  tiiickttttqr* 
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tion,  which  is  its  anterior  border.  It  becomes  thinner  from  before  tmekwiri 
until  \t&  poeterior  border  apparently  fuses  with  the  tibroua  gtriictm^of  th» 
choroid.  It  is  semi-transparent  and  of  a  gra)iah  color.  Its  ^ttnation  is  jnU 
outside  of  the  ciliary  processes,  these  processes  projecting  in  front  of  i& 
anterior  border,  about  /y  of  an  inch  (1  mm.)r  Kegarding  the  anterior  bonier 
of  thii!  nuisrie  as  its  origin  and  the  i>o8terior  border  as  it^  in  t( 

in  front,  from  the  circular  line  of  junction  of  the  cornea  an«i 
the  border  of  the  membrane  of  Dc^emet,  and  the  ligamentum  inJis  j 
natum.     Its  fibres,  which  ai^e  chiefly  longitudinal,  pa^su  baekvrarti  and  arsl 
in  the  choroid,  extending  t^omewhat  farther  kick  than  the  jintcrinr  limit  ( 
the  retina.      In  iuidition  a  net-work  of  circular  muscular  !ibn*s  has 
described^  lying  over  the  anterior  portion  of  the  ciliary  body,  at  the  prriph 
of  the  iriis  U^nieath  the  longitudinal  fibres.     Some  of  these  tibres  haw  I 
oblique  direction. 

The  ciliary  muscle  is  composed  mainly  of  mudcular  fibres.     These  fibmi 
anatomically  considered,  belong  to  the  non-striated  variety.     They 
present  a  number  of  oval^  longitudinal  nuclei,  and  hare  no  strije. 
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It  is  evident,  from  the  arrangement  of  the  fibres  of  the  ciliary  muscle, 
that  its  action  must  l>e  to  appro xl mute  the  border  of  connection  of  the  scle- 
rotic and  cornea  and  the  circiiniference  of  the  choroid,  compressing  the  vitre- 
ous humor  and  relaxing  the  suspensory  ligament  of  the  crystalline  lens.  This 
action  enables  the  lens  to  change  itj?  form,  and  it  iidapts  the  curvature  of  the 
lens  to  vision  at  ditferent  distances.  The  nerves  of  the  ciliary  muscle  are 
derived  from  the  long  and  the  short  ciliary. 

Iris. — The  iris  corresponds  to  the  diaphra^^  of  optical  instruments.  It 
I  a  circular  membrane,  situated  just  in  front  of  the  crystalline  lens,  with  a 
round  perforation,  the  pupil,  near  hs  centre. 

The  attachment  of  the  greater  circumference  of  the  iris  is  to  the  line  of 
junction  of  the  cornea  and  sclerotic,  near  the  origin  of  the  ciliary  muscle,  the 
latter  passing  backwartl  to  be  inserted  into  the  choroid,  and  the  former  pass- 
ing directly  over  the  crystalline  lens*  The  diameter  of  the  iris  is  about  half 
an  inch  (12'5  mm.).  The  pupil  is  subject  to  considerable  variations  in  size. 
AVhen  at  its  medium  of  dilatation,  the  diameter  of  the  puj>il  is  ^  to  -J  of  an 
inch  (3**^  to  4*2  mm.).  The  pupillary  orifice  is  not  in  the  mathematical  cen- 
tre of  the  iris,  but  is  situated  a  little  toward  the  nasal  side.  The  thickness  of 
the  iris  is  a  little  greater  than  that  of  the  choroid,  but  it  is  nneqnal  in  diifer- 
ent  parts,  the  membrane  being  thinnest  at  its  great  circumference  and  its 
pupillary  border,  and  thickest  at  about  the  junction  of  its  inner  third  with 
the  outer  two-thirds.  It  sliglitly  projects  anteriorly  and  divides  the  space 
between  the  lens  and  the  cornea  into  two  chambers,  anterior  and  posteinor, 
the  anterior  chamber  being  much  the  larger.  Taking  advantage  of  a  prop- 
erty of  the  crystalline  lens,  called  floorescence,  which  enables  an  observer,  by 
concentrating  upon  it  a  blue  light,  to  see  the  bouiularies  in  the  living  eye, 
Helmholtz  hiis  demonstrated  that  the  posterior  surface  of  the  iris  and  the 
anterior  surface  of  the  lens  are  actually  in  contact,  except,  jierhaps,  for  a 
certain  distance  near  the  periphery  of  the  iris.  This  being  the  case,  the 
posterior  chamber  is  very  small  and  exists  only  near  the  margins  of  the  lens 
and  the  irb. 

The  color  of  the  iris  is  different  in  different  indiriduals.  Its  anterior 
surface  is  genendly  very  dark  near  the  pupil  and  presents  colored  radiations 
toward  its  periphery.  Its  posterior  surface  is  of  a  dark-purple  color  and  is 
covered  with  pigmentary  cells. 

The  entire  iris  presents  three  layers.  The  anterior  layer  is  continuous 
with  the  membniiie  of  the  aqueous  humor.  At  the  great  circumference,  it 
presents  little,  fibrous  prolongations,  forming  a  delicate,  dentated  membrane, 
called  the  Hgamentum  iridis  |)ectinatum.  The  membrane  covering  the  gen- 
eral anterior  surface  of  the  iris  is  extremely  thin  ami  is  covered  by  cells  of 
tessellated  epithelium*  Just  beneath  this  membrane  are  a  number  of  irregu* 
larly  shaped,  pigmentary  cells. 

The  posterior  layer  of  the  iris  is  very  thin,  easily  detached  from  the  middle 
layer,  and  contains  a  number  of  small  cells  rich  in  pigmentary  granules. 
8ome  anatomists  recognize  this  membrane  only  as  the  uvea* 

The  middle  layer  constitutes  by  far  the  greatest  part  of  the  Bubstance  of 
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the  iris.  It  is  composed  of  connective  tissue,  mttsciilar  fibres  of  the  noth 
triated  varietr,  miiny  blood- vessel,  and  probably  nerve-terminaiiona.  IH-j 
ctly  surrounding  the  pupil,  forming  a  band  about  -^  of  an  inch  (o*5  mnu)^ 
in  width,  is  a  layer  of  non-striated  muscular  fibres,  calle«i  the  s]ihineUtr  of  tin 
iris.  The  existence  of  these  fibres  is  admitted  by  all  anatoroistjiL  It  i^  dilfl!^ 
ent,  however,  for  the  radiating  muscular  fibres.  Most  aniiti>m]sts  dwrhb^ 
in  addition  to  the  sphincter,  non-striated  fibres,  which  can  t»e  traml  fmig 
near  the  great  circuDiferenee  of  the  iris  almost  to  its  pupillary  bonlcrjv- 
ing  both  in  front  of  and  behind  the  circular  fibres.  A  few  ob^ncrs  di 
that  these  fibres  are  muscular ;  but  they  recognize  a  thick,  muscular  lai 
surrounding  the  arteries  of  the  iris.  Tliis  is  merely  a  que;&tion  of  obsenv 
tion ;  but  the  weight  of  anatomical  authority  is  in  favor  of  the  exiftence  of 
the  nidiating  fibres,  and  their  presence  explains  certain  of  the  phenomeDii«( 
dilatation  of  the  iris  which  would  otherwnse  be  difficult  to  UDderstaniL 

The  blood-vessels  of  the  iris  are  derived  from  the  arterice  of  iht*  chciri>i.l 
from  the  long  posterior  ciliary  and  from  the  anterior  ciliary  arterie*.  Tty* 
long  ciliary  arteries  are  two  bninches,  running  along  the  sides  of  the  cyt^bail 
between  the  sclerotic  and  choroid,  to  form  finally  a  circle  surrounding  the 
iris.  The  anterior  ciliary  arteries  are  derived  from  the  muscular  brancfats 
the  ophthalmic.  They  penetrate  the  sclerotic,  a  little  behind  the  iris, 
join  the  long  ciliary  arteries,  in  the  vastudar  circle.  From  this  circle,  the 
gels  branch  and  pass  into  the  iris,  to  form  a  smaller  artcriai  circle  an>unil 
pupih  The  veins  from  the  uis  empty  into  a  circular  einns  situated  at 
junction  of  the  cornea  with  the  sclerotic.  This  is  sometimes  SfH>keo  of 
the  circular  venous  sinus,  or  the  canal  of  Schlemm. 

The  nerves  of  the  iris  are  the  long  ciliary,  from  the  fifth  cratual*  and  ibf 
short  ciliary,  from  the  ophthalmic  ganglion. 

Pupillary  Membrane.^ At  a  certain  period  of  foetal  lifk?  the  pttfrti  » 
closed  by  a  membrane  connected  with  the  lesser  circumference  of  tbf 
caUe<i  the  pupillary  membrane.  This  is  not  distinct  during  the  first  muni 
but  between  the  third  and  the  fourth  months,  it  is  rttadily  seen.  It  k 
distinct  at  the  sixth  month*  The  membrane  is  thin  and  tran*'|mrent,  and  ^ 
completely  sepamtes  the  anterior  from  the  posterior  chamber  of  the  eye*  h 
is  provided  with  vessels  derived  from  the  arteries  of  the  iris,  anaslomoFtn^ 
with  each  other  and  turning  back  in  the  form  of  loops  near  the  centre.  Ai 
about  the  seventh  month,  it  begim  to  give  way  at  the  centre,  gradually  &tn^ 
phie5,  and  scarcely  a  trace  of  it  can  be  seen  at  birth. 

Reiinn, — The  retina  is  described  by  anatomists  as  the  third  tunic  of  t 
eye     It  is  closely  connected  with  the  optic  nerve,  and  the  most  im|KJi 
structures  entering  into  its  c-omposition  are  probably  oontinuons  with 
longations  from  the  nerve-cells.     This  is  the  membrane  endowed  with 
special  sense  of  sight,  the  other  structures  in  the  eye  being  accesBonr* 

If  the  sclerotic  and  choroid  be  removed  from  the  eye  ander  water, 
retina  is  seen,  in  perfectly  f  re^h  si>ecimens,  in  the  form  of  a  delicate, 
parent  membrane  covering  the  i»osterior  portion  of  the  vitn'ous  homot. 
short  time  after  death  it  becomes  slightly  opaline.     It  extends  over  the 
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tenor  portion  of  the  eyeball,  to  a  distance  of  about  ^  of  an  inch  (1*7  mm.) 
behind  the  ciliary  processes.  When  torn  from  its  anterior  attachment,  it 
preaents  a  finely  serrated  edge,  called  the  ora  serrata.  This  edge  adheres 
Tery  closely,  by  mutual  interlacement  of  fibres,  to  the  zone  of  Zinn.  In  the 
middle  of  the  membrane,  its  thickness  is  about  y^  of  an  inch  (200  /a).  It 
becomes  thinner  nearer  the  anterior  margin,  where  it  measures  only  about  -j^ 
of  an  inch  (80  /a).  Its  external  surface  is  in  contact  with  the  choroid,  and 
its  internal,  with  the  hyaloid  membrane  of  the  vitreous  humor. 

The  optic  nerve  penetrates  the  retina  about  ^  of  an  inch  (3*2  mm.)  within 
and  ^  of  an  inch  (2*1  mm.)  below  the  antero-posterior  axis  of  the  globe, 
presenting  at  this  point  a  small,  rounded  elevation  upon  the  internal  sur- 
face of  the  membrane,  perforated  in  its  centre  for  the  passage  of  the  central 
artery  of  the  retina.  At  a  point  ^^  to  ^  of  an  inch  (2*1  to  3*2  mm.)  external 
to  the  point  of  penetration  of  the  nerve,  is  an  elliptic  spot,  its  long  diameter 
being  horizontal,  about  i  of  an  inch  (2*1  mm.)  long  and  ^  of  an  inch  (0-7 
mm.)  broad,  called  the  yellow  spot  of  Sommerring,  or  the  macula  lutea.  In 
the  .centre  of  this  spot,  is  a  depression,  called  the  fovea  centralis.  This  de- 
pression is  exactly  in  the  axis  of  distinct  vision.  The  yellow  spot  exists  only 
in  man  and  the  quadrumana. 

The  structures  in  the  retina  which  present  the  greatest  physiological  im- 
portance are  the  external  layer,  formed  of  rods  and  cones,  the  layer  of  nerve- 
cells,  and  the  filaments  which  connect  the  rods  and  cones  with  the  cells. 
These  are  the  only  anatomical  elements  of  the  retina,  as  far  as  is  known, 
except  the  pigment  cells,  that  are  directly  concerned  in  the  reception  of 
optical  impressions,  and  they  will  be  described  rather  minutely,  while  the 
intermediate  layers  will  be  considered  more  briefly. 

Most  anatomists  recognize  nine  layers  in  the  retina : 

1.  Layer  of  pigment-cells  (already  described  in  connection  with  the 
choroid). 

2.  Jacob's  membrane,  the  bacillar  membrane,  or  the  layer  of  rods  and 
cones. 

3.  The  external  granule-layer. 

4.  The  inter-granule  layer  (cone-fibre  plexus  of  Hulke). 

5.  The  internal  granule-layer. 

6.  The  granular  layer. 

7.  The  layer  of  nerve-cells  (ganglion-layer). 

8.  The  expansion  of  the  fibres  of  the  optic  nerve. 

9.  The  limitary  membrane. 

The  layer  of  rods  and  cones  is  composed  of  rods,  or  cylinders,  extending 
through  its  entire  thickness,  closely  packed,  and  giving  to  the  external  sur- 
face a  regular,  mosaic  appearance ;  and  between  these,  are  a  greater  or  less 
number  of  flask-shaped  bodies,  the  cones.  This  layer  is  about  yj^  of  an  inch 
(76  ft)  in  thickness  at  the  middle  of  the  retina ;  ^^  of  an  inch  (62  /i),  about 
midway  between  the  centre  and  the  periphery;  and  near  the  periphery, 
about  j^  of  an  inch  (55  fi).  At  the  macula  lutea  the  rods  are  wanting,  and 
the  layer  is  composed  entirely  of  cones,  which  are  here  very  much  elongated. 
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A. 


Over  the  rest  of  the  membrane  the  rods  predomiimte^  and  the  omim  1 
come  less  and  leas  frequent  toward  the  periphery. 

The  rods  are  regular  cylinders,  their  length  eorreeponding  to  the 
ness  of  the  layer,  terminating  above  in  truncated  e^  s  and  bdovii 

points  which  are  probably  continuous  with  the  filam  onnectiuii  ndll 

the  nerve-cells.    Their  diameter  is  about  yxt^ir  of  an  inch  (2  ^).   Tbn 

are  clear,  of  rather  a  fatty  lustre^  8oft  iod  pb* 
ble,  but  somewhat  brittle,  and  so  altemhfe  tiM 
thev  are  with  difficulty  seeji  in  a  natiml  ^axt 
They  should  be  examined  in  perfectly  freih  prfp- 
arations,  moistened  with  liquid  from  tht  fitTfcw 
humor  or  with  scrum.  \V  hen  perfectly  frcsii  it 
is  difficult  to  make  out  any  thing  but  an  eutinih 
homogeneous  structure ;  but  shortly  after  detm 
each  rod  seems  to  be  divided  by  a  delicati  )m 
into  an  outer  and  an  inner  segment^ 
being  a  little  the  longer.  At  the  upper  < 
ity  of  the  inner  segment,  is  a  hemijq>l 
with  its  convexity  presenting  inirard,  oatM  i 
lentiform  body  (lin^en/drmi^er  Kvrperi* 


I 


Fio,  ttt.—BoffM  of  the  retina 
(Schtiltse). 
Frmn  the  mocker.— A,  Bods,  after  ,       .  , 

niAcentioaiiifiDdJaediemin.tbe  entire  inner  segment  is  somewbiit 
outersegmciit  to^tniacat«d,  the    .        »  t  % 

tnoer  tmsawait  (ay  coafniiAicKt   it  ofteu  presents  R  gmnular  nucl' 

BTimiiUr,  and  aomewliat  swoi-  ^  ^ 

ten  :  c,  fllaawnt  of  Um  roda ;  d, 

B.  Bods  from  tli«  frc« :  t  Fresh, 
magnified  500  diameters:  a.  in* 
oer  apimiem  ;  b«  outerae^iDeiit : 
c,  l«nlJrorm  bodr ;  dL  nuclfu*, 
%  Trvated  with  dilate  aeeticadd 


and  broken  up  into  platea. 


extremity.    The  outer  segment  appamitly  diffcj 
in  its  constitution  from  the  inner 
is  not  similarly  affected  by  reagents 
with  dilute  acetic  acid,  the  out^r  Kgotent  I 
comes  broken  up  transversely  into  thin  disk& 
The  cones  are  probably  of  the  same  constitution  as  the  rod&  but  \h^  J 
portion  called  the  inner  segment  is  pyriforra.     The  straight  j»c»rtion  *lx«i 
(the  outer  segment)  is  sometimes  called  the  cone-rod*    The  entire  osmf&t 
about  half  the  length  of  the  rods  and  ocxjupy  the  inner  portion  of  the  Utj 
The  outer  segment  is  in  its  constitution  precisely  like  the  outer  iegtneni  ( 
the  rods.     The  inner  segment  is  slightly  granidar  and  contains  a  noelea 
The  cones  are  connected  below  with  filaments  passing  into  the  docpcr  bfi 
of  the  retina.     The  arrangement  of  the  rods  and  cones  is  seen  in  Fig.  i^% 
which  shows  the  different  layers  of  the  retina. 

At  the  fovea  centralis,  JacoVs  membrane  is  composed  entirely  of 
gated  cone$,  with  no  rods.  These  are  slightly  increased  in  thickness  ill 
macula  lotea,  but  are  diminished  again  iu  thickness^  by  aboat  oive-hsUpiltlii^ 
forea  centralis.  At  the  fovea  the  optic  nerve-fibres  are  wanting ;  and  tk 
ganglion-cells^  which  exist  in  a  single  layer  over  other  portions  of  the  rfti»» 
here  pre^sent  six  to  eight  layers,  except  at  the  very  centre,  where  there  iw 
but  three  layers*  Of  the  layers  between  the  cones  and  the  ganglion  cell«, 
the  external  granule-layer  and  the  inter-granule  layer  (cone-fibre  plexus)  re- 
main, in  Uie  fovea,  while  the  internal  granule-layer  and  the  granular  lajer  »re 
wanting.     At  the  fovea,  indeed,  those  elements  of  the  retina  which  may  k 
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yarded  as  purely  accessory  disappear,  leaving  only  the  structures  that  are 
mcemed  directly  in  the  reception  of  vi^nal  impressions. 

The  extt^rnul  granule-layer  ia  composed  of  large  granules,  looking  like 
Jla,  which  are  each  nearly  filled  with  a  single  nucleus.  The^  are  cohnectod 
ith  the  filaments  from  the  rods  and  cones.  They  are  rounded  or  ovoid 
id  measare  from  jyftni  ^'  m^ir  of  an  inch  {2  to  4  /*)  in  diameter.  The 
iter*granu1e  layer  (cone-fibre  plexus)  is  composed  apparently  of  minute 
brillag  and  a  few  nuclei.  The  internal  granule-layer  is  composed  of  cells 
early  like  those  of  the  external  graniile-layer,  but  a  little  larger,  and  prob- 


Fio.  247,— Vertical  section  of  the  rttina      Fia.2A8—Ct>nni'h'>H  of  the  rndsandcnnes 
(H.  Millier^  of  the  rtttna  tvtth  tfie  nervous  ^letnentt 

(8appey). 
o.  847.— 1, 1,  layw*  of  rod§  aDd  cones  ;  2.  rod«  i  8.  cones  *  4,  4,  5,  ft,  e3tt**nml  granule- layer  :  T,  Inter- 
gn^tiMle  layer  fcooe-flbrv  plexus) ;  B,  intt*m&Y  izranule-lAyeT ;  ft.  10,  ftnel}^  eranulAr,  f^TAy  uiyer ;  11, 
layer  of  u^rvi»'Ct*lls  ;  12.  12,  12.  12.  1  i,  11.  fibres  of  thf  optlu  rierv*? ;  13,  memuriLtift  Hmitans.    (The  pig- 
meolary  layer  i»  not  «howQ  jn  thin  tl^in-J 
o.  848— 1.  t,  ti,  3»  rods  aod  com^,  frodt  view;  4,  &,  tv  [Ih  of  thoi  external  and 

infit'rtiiiJl  cranule-layera  ;  9,  cell,  t^jnuectwd  by  a  f  10,  18,  in'rve-ot^lliii  eon- 

^    •     -       •HotV  ■  


Jiecte<l  in  iUj  ci*U«i 


Ui**  g-raji  u  1***  lay ♦?re  ;  1 1 ,  21 ,  f 3  la 
mot  In  tht»  flgurt'i;  H,  15.  10^ 
witln  the  oella  of  iht^  granule-layers,  iritli  tbt?  oerve-ceUg  and  with  the  Dervembres 


exttrual  and  internal 


iiile-layeni( tti  1» iioc  In  tht»  fl^rei;  H,  15.  10,  17.  im,  i«i  jt),  i,*  :^i,  m,  '^"i,  iflj,  a  ffMl  and  a  cone,  oon- 
-      >ln-         ■•      --  .    .  .....  ..         .     ...   .. 


ilj  connected  with  the  filaments  of  the  rode  and  cones.     The  granular 
yer  is  gituated  next  the  layer  of  gangljon-cells. 

The  layer  of  ganglion-cells  is  composed  of  multipolar  nerve-cells,  measuring 
fwJf  ^  ihs  ^^  *^^^  "^^'^^  (^  ^^  '^'^  /*)  "^  diameter.  In  the  centre  of  the  retina, 
:  the  macula  lutea,  the  cells  present  eight  layers,  and  they  diminish  to  a 
ngle  layer  near  the  periphery.     The  smaller  cells  are  gituated  near  the  cen- 


tre,  and  the  larger,  near  the  periphery^  Each  cell  sends  oflf  several  ma* 
ments(two  to  tweiity-iive),  prabably  going  to  the  layer  of  rods  and  coness,  and 
a  single  filament  whieh  becomes  continuous  with  one  of  the  filaments  of  Uio 
optie  nerve. 

The  layer  forme<l  hy  the  expansion  of  the  optic  ner%^©  h  composed  of 
pale,  transparent  nerve-fibres,  ^^^ff  to  jj^rms  of  an  inch  (0-5  to  1  /&)  in 
diameter.     These  do  not  rerjuire  special  description. 

The  limitary  membrane  is  a  delicate  structure,  with  fine  striae  and  nuclei, 
compOi*cd  of  connective-tissnc  elements.  It  is  about  Yjh^i^  ^^  ^^  ^^^^  (1  ^) 
in  thickness.  From  this  membrane,  connective- tissue  elements?  are  sent  into 
the  various  layers  of  the  retina,  where  they  form  a  framework  for  the  sup- 
port of  the  other  structures. 

Tiie  retina  becomes  progressively  thinner  from  the  centre  to  the  periphery* 
The  granular  layers  and  the  nervous  layers  rapidly  disappear  in  the  anterior 
half  of  the  meml)rane. 

The  following  is  the  probable  mode  of  connection  between  the  rods  and 
cones  and  the  ganglion-cells :  The  filaments  from  the  ba^s  of  the  rods  and 
cones  fjass  inward,  ])resenting  in  their  course  the  corpusck\s  whieli  have 
been  described  in  the  graimle-laycTS,  and  finally  become,  as  is  thought, 
directly  continuous  with  the  poles  of  the  ganglion-cells.  The  cells  send 
filameuU  to  the  layt'r  formed  by  the  expansion  of  the  optic  nerve,  which 
are  continuous  with  the  nerve-fibres.  This  arrangement  is  shown  in  Fig. 
248. 

The  following  description  of  the  blorxl-vessels  of  the  retina,  with  Fig. 
249,  was  furnished  by  Loring : 

*'  The  arteries  and  veins  of  the  retina  are  subdivisions  of  the  art^a  and 
Tcna  centnilis.  Tlie  larger  branches  run  in  the  nerve- fibre  layer  and  are 
immediately  beneath  the  limitjiry  membrane.  The  vessels  lie  so  superficially 
that  in  a  cross-section  examined  with  the  microseojxs  they  are  seen  to  pro- 
ject above  the  general  level  of  the  retina,  toward  the  vitreous  humor.  While 
the  large  vessels  are  in  tlie  plane  of  the  inner  surface  of  the  retina,  the 
emallcr  bmnches  penetrate  the  substance  of  the  retina,  to  the  inter-gmnule 
layer.  They  do  not  extend,  however,  as  far  as  the  external  granule-layer 
and  the  layer  of  rods  and  cones.  These  two  layers,  therefore,  have  no  blood- 
vessels. 

"  The  ramifications  of  the  vessels  present  a  beautifully  arborescent  appear- 
ance when  seen  with  the  ophthalmoscope.  The  manner  in  which  the  yesseU 
are  distnbut**d  and  the  way  in  which  the  cirt*ulntion  is  carried  on  can  be 
better  understood  by  a  study  of  Fig.  249  than  by  any  detailed  description. 
The  figure  represents  the  ophthalmoscopic  appearance  of  a  normal  eye  in 
young,  adult  life.  The  darker  vessels  are  the  veins,  and  the  lighter  vessels, 
the  arteries.  The  d*>tted  oval  line  is  diagramnuitic  and  marks  the  position 
and  extent  of  the  macula  luteiu  It  is  seen  that  this  oval  space  contains  a 
number  of  fine  vascular  twigs  which,  coming  from  alx>ve  and  below,  extend 
toward  the  sjiot  in  the  centre  of  the  oval  which  marks  the  position  of  tho 
fovea  centralis.     In  opjxisitiun,  then,  to  the  general  opinion,  which  is  that 
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the  macula  hitoa  hii«  no  blood-vessels,  it  is  the  spot  of  all  others  in  the  retina 
which  is  most  abundantly  supplied  with  minnte  vascular  branches.  These 
vessels  can  be  dis- 
tinctly seen  even 
with  the  ojjhthal' 
moscope ;  and  uii- 
croscopical  exam- 
ination shows  that 
the  capillary  plex- 
us in  the  macula 
Intea  is  closer  and 
richer  than  in  any 
other  part  of  the 
retina," 

The  arteries  of 
the  retina  send 
bninches  to  the 
periphery,  where 
they  supply  a  wide 
]ilexu8  of  very 
BDiall  capillaries  in 
the  ora  scrrata* 
These  capillaries 
empty  into  an  in- 
csomplete     venous 

circle,  branrhes  from  which  pass  back  by  the  siiles  of  the  arteries,  to  the  vena 
centralis, 

VrysiaUine  Lens.- — The  crvstalUne  is  a  double-convex  lens,  which  is  per- 
fectly transparent  and  very  elastic*  Its  action  in  the  refraction  of  the  raya 
of  light  is  analogous  to  that  of  convex  lenses  in  optical  instniments*  It  is 
situated  behind  the  pupil,  in  what  is  called  the  hyaloid  fossa  of  the  vitreous 
humor,  which  is  exactly  moulded  to  its  posterior  convexity.  In  the  fo»tua 
the  capsule  of  the  lens  receives  a  braneh  from  the  arteria  centralis,  but  it  is 
non-vascular  in  the  adult.  The  anterior  convexity  of  the  lens  is  just  behind 
the  iris,  and  its  borders  are  in  relation  with  what  is  known  as  the  susj^nsory 
ligament*  The  convexities  rln  not  present  regidar  curves,  and  they  are  so 
siibjeet  to  variations  after  death  that  the  mejisurements,  ])08t  mortem,  are  of 
little  value.  During  life,  however,  they  have  been  measured  very  exactly  in 
the  various  couditious  of  accommodation.  The  diameters  of  the  lens  in  the 
adult  are  about  ^  of  an  inch  (8-5  uku.)  transversely  and  \  of  an  inch  {&4  mm.) 
antero-|)osteriorly.  The  convexity  is  greater  on  its  posterior  than  on  its 
anterior  surface.  In  ftctal  life  the  convexities  of  the  lens  are  greater  than 
in  the  adult  and  its  structure  is  mueh  softer.  In  old  age  the  convexities 
are  diminished  and  the  lens  becomes  hanier  and  less  eljistic.  The  substance 
of  the  lens  is  made  up  of  layers  of  fibres  of  different  degrees  of  density,  and 
the  whole  is  enveloped  in  a  delicate  membrane,  called  the  capsule, 
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The  capsule  of  the  lens  is  a  tbiD,  transparent  membrane,  which  is  very 
elastic.     This  membi-ane  generally  is  from  ^-^  to  y^  of  an  inch  (10  to 

17  /*)  tliick;  but  it  is  very 
thin  at  tlie  periphery,  meas- 
uring here  only  ^Vjj-  ^^  ^^  i 
inch  {4:  fc).  Its  thickue^  is 
increased  in  old  age,  Tho 
anterior  portion  of  the  cap- 
sule is  lined  on  its  inner  sur- 
face with  a  hiyer  of  exceed- 
ingly delicate,  nucleated  epi- 
thelial cells*  The  posterior 
half  of  the  cnpsuie  has  no 
epithelial  lining.  The  oeU« 
arc  regularly  polygonal, 
oieasuriTig  ^^  to  y^  of 
an  inch  (1*2  to  20  fi)  in  di- 
ameter, with  large,  ronnd 
nuclei.  After  dcatb,  Ihey 
are  said  to  break  down  into 
a  liquid,  known  as  the  liquid 
of  Mnrgagni,  though  by  some  this  liquid  is  supposed  to  he  exuded  from  the 
eiihstance  of  the  lens.     At  all  event.s,  the  cells  di&jippear  soon  after  death. 

If  the  lens  be  viewed  entire  with  a  low 
magnifying  power,  it  presents?  upon  cither  of 
lis  surfaces^  a  st^ir  with  nine  to  six  teen  radi- 
ations extending  from  the  centre  to  about 
half  or  two-thirds  of  the  distance  to  the  pe- 
riphery. The  stars  seen  upon  the  two  surfaces 
are  not  coincident,  the  rays  of  one  bring  situ- 
ated between  the  niys  of  the  other*  In  the 
fcetns  the  stars  are  more  simple,  presenting 
only  three  rtwliations  upon  cither  Burfjice. 
These  stars  are  not  fibrous,  like  the  re^t  of 
the  lens,  but  are  composed  of  a  homogeneous 
substance,  wdiich  extends,  also,  between  the 
fibres. 

The  greatest  part  of  the  substance  of  the 
lens  is  compose*!  of  very  delicate,  soft  and  plia- 
ble iihres,  whioh  are  trans]iarent,  but  perfect- 
ly distinct,  These  fdircs  arc  jlatteiied,  six- 
sided  prisms,  closely  packed  together^  so  that 
their  tmnsverse  section  presents  a  regularly 

tcssclated  ajiiKMirance.  They  arc  ^^jVir  *o  j^  of  an  inch  (5  to  10  /i)  broid, 
and  Yjim  ^*^  ¥Anr  ^^  ^^^  i^^^i  ('*  to  3  fi)  in  thickness.  Their  flat  surfaces  ai* 
parallel  with  the  surface  of  the  lens*     The  direction  of  the  fibres  is  from 
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the  centre  and  from  the  rays  of  the  stellate  figures  to  the  periphery,  where 
they  turn  and  pass  to  the  star  upon  the  opposite  side.  The  outer  layers  of 
fibres  near  the  equator,  or  circumference  of  the  lens,  contain  exceedingly 
distinct,  oval  nuclei,  with  one  or  two  nucleoli.  These  become  smaller  in 
passing  more  deeply  into  the  substance  of  the  lens,  and  gradually  they  dis- 
appear. 

The  regular  arrangement  of  the  fibres  of  the  lens  makes  it  possible  to 
separate  its  substance  into  laminae,  which  have  been  compared  by  anatomists 
to  the  layers  of  an  onion ;  but  this  separation  is  entirely  artificial,  and  the 
number  of  apparent  layers  depends  upon  the  dexterity  of  the  manipulator. 
It  is  to  be  noted,  however,  that  the  external  portions  of  the  lens  are  soft, 
even  gelatinous,  and  that  the  central  layers  are  much  harder,  forming  a  sort 
of  central  kernel,  or  nucleus. 

The  lens  is  composed  of  a  nitrogenized  substance,  called  crystalline,  com- 
bined with  various  inorganic  salts.  One  of  the  constant  constituents  of  this 
body  is  cholesterine.  In  an  examination  of  four  fresh 
crystalline  lenses  of  the  ox,  cholesterine  was  found  in  the 
proportion  of  0*907  of  a  part  per  1,000  (Flint).  In  some  ^^^|W|j|iSI^6 
cases  of  cataract  cholesterine  exists  in  the  lens  in  a  crys-  ^  c^^^H^I  ^ 
talline  form;  but  under  normal  conditions  it  is  united  ^^Jj^^BR^r^ 
with  the  other  constituents. 

Suspensory  Ligament  of  the  Lens  (Zone  of  Zimiy — 
The  vitreous  humor  occupies  about  the  posterior  two-  ¥iQ.vsi.-zoneofZinn 
thirds  of  the  globe,  and  is  enveloped  in  a  delicate  capsule,  j^  crystaiiinrtens ;  2, 2, 
called  the  hyaloid  membrane.  In  the  region  of  the  ora  lin'l^fziXSI'i, ^- 
aerrata  of  the  retina,  this  membrane  divides  into  two  ^nro^TnS?  throwS 
layers.  The  posterior  layer  lines  the  depression  in  the  {Jrior  and 'nfiddie'twS"- 
ritreous  humor  into  which  the  lens  is  received.  The  an-  ^'^  °'  ^®  ^^^  ^' 
terior  layer  passes  forward  toward  the  lens  and  divides  into 
two  secondary  layers,  one  of  which  passes  forward,  to  become  continuous  with 
the  anterior  portion  of  the  capsule  of  the  lens,  while  the  other  passes  to  the  pos- 
terior surface  of  the  lens,  to  become  continuous  with  this  portion  of  its  capsule. 
The  anterior  of  these  layers  is  corrugated  or  thrown  into  folds  which  correspond 
with  the  ciliary  processes,  with  which  it  is  in  contact.  This  corrugated  portion 
is  called  the  zone  of  Zinn.  The  two  layers  thus  surround  the  lens  and  are 
properly  called  its  suspensory  ligament.  As  the  two  layers  of  the  suspensory  . 
ligament  separate  at  a  certain  distance  from  the  lens,  one  passing  to  the  ante- 
rior and  the  other  to  the  posterior  portion  of  the  capsule,  there  remains  a 
triangular  canal,  about  ^  of  an  inch  (2*5  mm.)  wide,  surrounding  the  border 
yi  the  lens,  called  the  canal  of  Petit*  Under  natural  conditions  the  walls  of 
this  canal  are  nearly  in  apposition,  and  it  contains  a  very  small  quantity  of 
jlear  liquid. 

The  membrane  forming  the  suspensory  ligament  is  composed  of  pule,  lon- 
gitudinal and  transverse  fibres  of  rather  a  peculiar  appearance,  wliich  are 
much  less  affected  by  acetic  acid  than  the  ordinary  fibres  of  connective  tissue. 

Aqueous  Humor, — The  space  bounded  in  front  by  the  cornea,  posteriorly. 
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by  the  crystalline  lens  and  the  anterior  fiice  of  its  sti^pensorr  ]igiin<?iit«  \ 
at  its  circumference,  by  the  tips  of  the  ciliary  proce83e^«  is  knoim  as  Ih^^aqufi.^ 
0U8  chaniljcr.  This  contains  a  clear  liquid  calk^l  the  afineoua  huin(»r  Tii:- 
irU  Boparates  this  space  into  two  diviaious,  which  commnnicate  witb  m^ 
other  through  the  pupil;  viz.,  the  anterior  chamber,  srituated  betweeo  tik« 
anterior  face  of  the  iris  and  the  cornea,  and  the  posterior  chamber*  betwdij 
the  posterior  face  of  the  iris  and  the  crystalline.  It  is  evident^  from  the  j> 
tion  of  the  iris,  that  the  anterior  chamber  is  much  the  larger ;  and,  imlr 
the  posterior  surface  of  the  iris  and  the  anterior  surface  of  the  lens  sof  \ 
contact,  except,  perhaps,  nea.r  their  peripliery  or  when  the  iris  is  very  ma 
dilated.  The  liquid  tilling  the  chambers  of  the  eye  i^  mpidly  reproda 
after  it  has  been  eYacuated,  as  occurs  in  many  surgical  operations  upon 
the  eye- 

The  aqueous  humor  is  colorless  and  transparent,  faintly  alkaline^  of  i 
specific  gravity  of  about  1005,  and  with  the  same  index  of  refraction  as  tbt 
of  the  cornea  and  the  vitreous  humor.  It  contains  a  small  qnantitr  of  i£ 
albuminoid  matt-er,  but  it  is  not  rendered  turbid  by  heat  or  other  apenl^ 
which  coagulate  albumen.  Various  inorganic  salts  (the  chloridess,  snlpb 
phcvsphates  and  carbonates)  exist  in  small  proportions  in  this  liquid.  It  i 
contains  traces  of  urea  and  glucose. 

The  anterior  and  posterior  chambers  of  the  eye  are  regarded  as  lyin|ib- 
spaces  communicating  with  the  lymphatics  of  the  conjunctiva,  cornea,  irr- 
and  ciliary  processes.  In  addition  a  lymph-space  is  described  as  existing  l*- 
tween  the  choroid  and  the  st*lerotic.  This  space  is  supj>osed  to  cH>mmanicrti 
with  a  perivascular  canal-system  around  the  vasa  vortieosa,  and  thr^mgh  t 
vessels,  with  the  sj>ace  between  the  capsule  of  Tenon  and  tlie 
(Schwalbe).  The  latter  is  connected  with  lymph-channeJs  wbidi 
the  optic  nerve  (Key  and  Retzius). 

Vitreous  Htwwr. — The  vitreous  humor  is  a  clear,  glassy  substance,  occop** 
ing  about  the  posterior  two-thirds  of  the  globe.     It  is  enveloped  in  adelicdBe. 
structureless  capsule,  called  the  hyaloid  membrane,  which  is  about  jj^  < 
an  inch  (4  ^jl)  in  thickness.     This  membrane  adheres  rather  strongh  to 
limitary  membrane  of  the  retina.     In  fnmt,  at  the  ora  '     h| 

membrane  is  thiekcne<l  and  becomes  continuous  with  the 
of  the  lens. 

The  vitreous  humor  itself  is  gelatinous,  of  feeble  consistence  and  slig 
alkaline  in  its  reaction,  with  a  specific  gravity  of  about  HX»5.  Cpon  i 
there  oozes  from  it  a  watery  and  slightly  mucilaginous  liquid.  This  1 
is  not  affected  by  heat  or  alcohol,  hut  it  is  coagiUated  by  certain 
salt^  especially  lead  acetate.  When  thus  solid ititni  it  pre^nts 
like  the  white  of  an  egg  boiled  in  its  shell ;  but  these  are  artificial.  BH 
embryon  the  vitreous  humor  is  divided  into  a  number  of  little  cavities  i 
contains  cells  and  leucocytes.  It  is  also  penetrated  by  a  branch  from  il* 
central  artery  of  the  retina,  which  passes  through  its  centrts  in  ramify  apsi 
the  posterior  surface  of  the  crystalline  lens.  This  structurt?,  however,  ii  iw* 
found  in  the  adult,  the  vitreous  humor  being  then  entirely  witbout  Uood* 
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The  vitreous  humor  is  divided  into  compartments  formed  by  deli- 
cate membranes  radiating  from  the  point  of  penetration  of  the  optic  nerve 
to  the  anterior  boundary  where  the  hyaloid  membrane  is  in  contact  with  the 
capsule  of  the  lens.  In  this  way  the  humor  is  divided  up,  something  like 
the  half  of  an  orange,  by  about  one  hundred  and  eighty  membranous  pro- 
cesses of  extreme  delicacy,  which  do  not  interfere  with  its  transparency. 

Summary  of  the  Anatomy  of  the  Globe  of  the  Eye. 

This  summary  is  intended  simply  to  indicate  the  relations  and  the  physio- 
logical importance  of  the  various  parts  of  the  eye,  in  connection  with  Fig. 
253.  ' 

The  eyeball  is  nearly  spherical  in  its  posterior  five-sixths,  its  anterior  sixth 


SUPEflJOl?  RECTUS 


CHOROID 


INFERIQR  RECTOS 
Fio.  2SS.— Section  of  the  human  eye. 

being  formed  of  the  segment  of  a  smaller  sphere,  which  is  slightly  projecting. 
It  presents  the  following  parts,  indicated  in  tlie  figure. 

The  sclerotic ;  a  dense,  fibrous  membrane,  chiefly  for  the  protection  of 
the  more  delicate  structures  of  the  globe,  and  giving  attachment  to  the  mus- 
cles which  move  the  eyeball.  Attaclied  to  the  sclerotic  are  the  tendons  of 
the  recti  and  the  oblique  muscles. 

The  cornea;  a  transparent  structure,  forming  the  anterior,  projecting 
sixth  of  the  globe ;  dense  and  resisting,  allowing,  however,  the  passage  of 
light ;  covered,  on  its  convex  surface,  with  several  layers  of  transparent  epi- 
thelial cells. 

The  choroid  coat ;  lining  the  sclerotic  and  extending  only  as  far  forward 
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m  the  cornea ;  connected  with  tlie  sclemtic  bj  looae^  connective  li 
which  ramify  blixxi- vessels  and  nerves,  and  presenting  an  external, 
layer  and  an  internal,  pigmentary  layer,  which  latter  gives  iu  chanct«mk 
dark-brown  color. 

The  ciliary  processes;  peculiar  folds  of  the  choroid,  whieJi  hnrm  itiaiilf*- 
rior  border  and  which  embrace  the  folds  of  the  suspeu^sury  ligmmeiit  of  tik 
lens. 

The  ciliary  muscle ;  situated  just  outside  of  the  ciliary  prooefisea,  anaofe 
from  the  circular  line  of  janction  of  the  sclerotic  with  the  oomei^  puRsi 
over  the  ciliary  processes,  and  becoming  continuous  with  the  fibriNis  lxm»  U 
the  choroid.  The  action  of  this  muscle  is  to  tighten  the  choroid  otw  tk 
vitreouB  humor  and  to  relai  the  ciliary  processes  and  the  suspensory  ligsu&rst 
of  the  lens,  when  the  lens,  by  virtue  of  its  elasticity,  becomes  more  i\«Rtrt. 
This  action  is  shown  by  the  dotted  lines  in  the  figure. 

The  iris ;  dividing  the  space  in  front  of  the  lens  into  two  chitmliere  ocni- 
pied  by  the  aqueous  humor.  The  anterior  chamber  is  much  th^  hffjgvr^ 
The  iris,  in  its  central  portion  surrounding  the  pupil,  is  in  eootiKJt  vHh  d» 
lens.  Its  circumference  is  just  in  front  of  the  line  of  origin  of  the  aSmj 
muscle. 

The  retina ;  a  delicate,  transimrent  membrane^  lining  the  choroid  and  a- 
tending  to  about  ^  of  an  inch  (1*7  mm.)  behind  the  cV  'Oesm^tk 

anterior  margin  forming  the  ora  serrata.  The  optic  n*  ^  letnte  Ik 
retina  a  little  internal  to  and  below  the  antero*[>o6terior  axis  of  theglok 
The  layer  of  rods  and  cones  is  situated  next  the  pigmentary  layer,  which  h 
external.  Internal  to  the  layer  of  rodij  and  cones,  are  the  four  granular  kh 
ers ;  next,  the  layer  of  nerve-cells ;  next,  the  expansion  of  the  fibres  of  tht 
optic  nerve ;  and  next,  in  apposition  with  the  hyaloid  membrane  of  tlic  ritre- 
ous  humor,  is  the  limitary  membnine. 

The  crystalline  lens ;  elastic^  transpu*ent,  enveloped  in  its  cajisole  ml 
surrounded  by  the  susjiensory  ligament. 

The  suspensory  ligament ;  the  anterior  layer  connected  with  the  aotmr 
portion  of  the  capsule  of  the  lens,  and  the  posterior,  with  the  posterior  poftioo 
of  the  capsule.  The  folded  portion  of  this  ligament,  which  is  reoejfid  ' 
tween  the  folds  of  the  ciliary  processes,  is  called  the  zone  of  Zinn.  The  1 
angular  canal  Ijetween  the  anterior  and  the  posterior  layers  of  the 
sory  ligament  and  surrounding  the  equator  of  the  lens  is  called  the  < 
Petit. 

The  vitreous  humor ;  enveloped  in  the  hyaloid  membrane,  which  1 
brane  is  continuous  in  front,  with  the  suspensory  ligament  of  the  len& 

Refraction  in  the  Eye. 

In  applying  some  of  the  elementary  laws  df  refraction  of  light  to  tk 
transparent  mtnlia  of  the  eye,  it  is  necessary  to  bear  in  mind  certain  gesmi 
facts  w  ith  regard  to  vision,  that  have  as  yet  been  referred  to  either  vwy  hrirfj 
or  not  at  all. 

The  eye  is  not  a  perfect  optical  instrument,  looking  at  it  from  a  pot^ll 
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physical  point  of  view.  This  statement,  however,  should  not  be  understood 
as  implying  that  the  arrangement  of  the  parts  is  not  such  as  to  adapt  them 
perfectly  to  their  uses  in  connection  with  the  proper  appreciation  of  visual 
impressions.  By  physical  tests  it  can  be  demonstrated  that  the  eye  is  not 
entirely  achromatic ;  but  in  ordinary  vision  the  dispersion  of  colors  is  not 
appreciated.  There  is  but  a  single  point  in  the  retina,  the  fovea  centralis, 
where  vision  is  absolutely  distinct ;  and  it  is  upon  this  point  that  images  are 
made  to  fall  when  the  eye  is  directed  toward  any  particular  object. 

The  refracting  apparatus  is  not  exactly  centred,  a  condition  so  essential 
to  the  satisfactory  performance  of  perfect  optical  instruments.  For  example, 
in  a  compound  microscope  or  a  telescope,-  the  centres  of  the  different  lenses 
entering  into  the  construction  of  the  instrument  are  all  situated  in  a  straight 
line.  Were  the  eye  a  perfect  optical  instrument,  the  line  of  vision  would 
coincide  exactly  with  the  axis  of  the  cornea ;  but  this  is  not  the  case.  The 
visual  line — a  line  drawn  from  an  object  to  its  image  on  the  fovea  centralis — 
deviates  from  the  axis  of  the  cornea,  in  normal  eyes,  to  the  nasal  side.  The 
visual  line,  therefore,  forms  an  angle  with  the  axis  of  the  cornea.  This  is 
known  as  the  angle  alpha.  This  deviation  of  the  visual  line  from  the  mathe- 
matical centre  of  the  eye  is  observed  both  in  the  horizontal  and  in  the  verti- 
cal planes.  The  horizontal  deviation  varies  by  two  to  eight  degrees  (Schuer- 
man),  and  the  vertical,  by  one  to  three  degrees  (Mandelstamm).  Of  course 
this  want  of  exact  centring  of  the  optical  apparatus,  in  normal  eyes,  does 
not  practically  affect  distinct  vision ;  for  when  the  eyes  are  directed  toward 
any  object,  this  object  is  brought  in  the  line  of  the  visual  axis ;  but  the  angle 
apha  is  an  important  element  to  be  taken  into  account  in  various  mathemati- 
cal calculations  connected  with  the  physics  of  the  eye. 

The  area  of  distinct  vision  is  quite  restricted ;  but  were  it  larger,  it  is 
probable  that  the  mind  would  become  confused  by  the  extent  and  variety  of 
the  impressions,  and  that  it  would  not  be  so  easy  to  observe  minute  details 
and  fix  the  attention  upon  small  objects. 

Although  certain  objects  are  seen  with  absolute  distinctness  only  in  a  re- 
stricted field,  the  angle  of  vision  is  very  wide,  and  rays  of  light  are  admitted 
from  an  area  equal  to  nearly  the  half  of  a  sphere.  Such  a  provision  is  emi- 
nently adapted  to  visual  requirements.  The  eyes  are  directed  to  a  particular 
point  and  a  certain  object  is  seen  distinctly,  with  the  advantage  of  an  image 
in  the  two  eyes,  exactly  at  the  points  of  distinct  vision  ;  the  rays  coming  from 
without  the  area  of  distinct  vision  are  received  upon  different  portions  of  the 
surface  of  the  retina  and  produce  an  impression  more  or  less  indistinct,  not 
interfering  with  the  observation  of  the  particular  object  to  which  the  atten- 
tion is  for  the  moment  directed ;  but  even  while  looking  intently  at  any  ob- 
ject, the  attention  may  be  attracted  by  another  object  of  an  unusual  character, 
which  might,  for  example,  convey  an  idea  of  danger,  and  the  point  of  distinct 
vision  can  be  turned  in  its  direction.  Thus,  while  but  few  objects  are  seen 
distinctly  at  one  time,  the  area  of  indistinct  vision  is  very  large ;  and  the  at- 
tention may  readily  be  directed  to  unexpected  or  unusual  objects  that  come 
within  any  portion  of  the  field  of  view.     The  small  extent  of  the  area  of  dis- 
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tinct  vision,  especially  for  near  objecta,  may  readily  be  appreciated  in 

ing  a  person  who  is  attentively  reiicling  a  book,  when  the  "  '     -.^iTi 

follow  the  lines  from  one  side  of  the  page  t-o  the  other  wi  -ijiir 

ity.  When  it  is  considered  that  in  addition  to  these  qoaLities,  which  irf  Uf< 
possible  in  artificial  optical  instruments,  the  eye  may  be  siccx>riiniodated  il 
will  to  vision  at  ditfereiit  distances,  and  that  there  is  correcrt  apprediUQiii  <)( 
fonn^etc,  by  the  use  of  the  two  eye**,  it  is  evident  that  the  visual  orgEU  ^n* 
rather  than  loses  in  comparison  with  the  most  perfect  instnimefite  Unl  hait 
been  construe  ted. 

Cetiain  Laws  of  h^efractitm,  DittpetHion  etr,^  hearing  upon  fhf  PhyMi^/im^ 

Vision, — Physiologists  have  little  to  do  with  the  theory  of  light,  exci'jil  m 
^ards  the  modifications  of  luminous  rays  in  passing  through  the  n*fnii'tiiig 
mt*dia  of  the  eye.  It  will  be  sufticient  to  state  that  nearly  all  phy=ii 
the  present  day  agree  in  accepting  wliat  is  known  as  the  theory  uf  ui 
tion,  rejecting  the  emission-theory  proposed  by  Newton.  It  h  ncceasarT 
the  theory  of  undulation  to  assume  that  alt  space  and  all  tmnsparent  bodi 
are  permeated  with  what  has  been  called  a  lumiuiferous  ether ;  and  that  li| 
is  propagated  by  a  vibration  or  an  undulation  of  this  hypothetical  sobetaDcc 
This  theory  assimUates  light  to  sound,  in  the  mechanism  of  it^  propagatioo: 
but  in  sound  the  waves  are  snpjKised  tu  be  longitudinal,  or  to  follow  the  linft 
of  propagation,  while  in  light  the  particles  are  supposed  to  vibrate 
versely,  or  at  right  angles  to  the  line  of  propagation.  It  must  bt*  nim 
bered,  however,  that  the  undulatory  theory  of  sound  is  cujiable  of  p«^ti' 
demonstration,  and  that  the  propagation  of  sound  by  wave4*  can  take  pi 
only  through  ponderable  matter,  the  nbrations  of  which  can  always  be 
served ;  but  the  theory  of  luminous  vibrations  involves  the  existence  of  id 
hypothetical  ether.  It  is  possible,  indeed,  that  scientific  facts  may  iti  tht 
futtire  render  the  existence  of  such  an  ether  improbable  or  its  suppoeitloii 
unnecessary;  but  at  present  the  theory  of  luminoua  undidation  seems  lo 
be  in  accord  with  the  optical  phenomena  that  have  thus  far  been  rwv 
ognized. 

The  different  calculations  of  physicists  with  regard  to  the  velocity  of  Ii| 
have  been  remarkably  uniform  in  their  results.     The  lowe^it  <  i"     '       m 
it  at  about  185,000  miles  (21>7,7'^5  kilumetres)  in  a  second,  an  ighi 

at  about  105,000  miles  (313,818  kilometres).     The  rate  of  propagatiofi 
usually  assuraetl  to  be  about  192,000  miles  (309,000  kilometres). 

The  intensity  of  light  is  in  proportion  to  the  amjilitude  of  the  vibi 
The  intensity  diminishes  as  the  distance  of  the  luminous  body  incmsei» 
is  in  inverse  ratio  to  the  square  of  the  distance. 

In  the  theory  of  the  colors  into  which  pure  white  light  may  be  deooah 
posed  by  prisms,  it  is  assumed  to  be  a  matter  of  demonstnition  thai  ibt 
waves  of  the  different  colors  of  the  solar  spectrum  are  not  of  tlie  same  lea 
The  decomposition  of  light  is  pmduced  by  differences  in  the  a*frangi 
of  the  different  colored  rays  aa  they  pass  through  a  medium  denser  tlmn 
air. 

The  analysis  of  white  light  into  the  different  colors  of  the  spectrum 
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that  it  is  compound ;  and  by  synthesis,  the  colored  rays  may  be  brought  to- 
gether, producing  white  light.  Colors  may  be  obtained  by  decomposition  of 
light  by  transparent  bodies,  the  different  colored  rays  being  refracted,  or  bent, 
by  a  prism,  at  different  angles.  It  is  not  in  this  way,  however,  that  the  colors 
of  different  objects  are  produced.  Certain  objects  have  the  property  of  re- 
fleeting  the  rays  of  light.  A  perfectly  smooth,  polished  surface,  like  a  mir- 
ror, may  reflect  all  of  the  rays ;  and  the  object  then  has  no  color,  only  the  re- 
flected light  being  appreciated  by  the  eye.  Certain  other  objects  do  not  reflect 
all  of  the  rays  of  light,  some  of  them  being  lost  to  view,  or  absorbed.  When 
an  object  absorbs  all  of  the  rays,  it  has  no  color  and  is  called  bliujk.  When 
an  object  absorbs  the  rays  equally  and  reflects  a  portion  of  these  rays  without 
decomposition,  it  is  gray  or  white.  There  are  many  objects,  however,  that 
decompose  white  light,  absorbing  certain  rays  of  the  spectrum  and  reflecting 
others.  The  rays  not  absorbed,  but  returned  to  the  eye  by  reflection,  give 
color  to  the  object.  Thus,  if  an  object  absorb  all  of  the  rays  of  the  spectrum 
except  the  red,  the  red  rays  strike  the  eye,  and  the  color  of  the  object  is  red. 
So  it  is  with  objects  of  different  shades,  the  colors  of  which  are  given  simply 
by  the  unabsorbed  rays. 

A  mixture  of  different  colors  in  certain  proportions  will  result  in  white. 
Two  colors,  which,  when  mixed,  result  in  white,  are  called  complementary. 
The  following  colors  of  the  spectrum  bear  such  a  relation  to  each  other :  Red 
and  greenish-blue;  orange  and  cyanogen-blue;  yellow  and  indigo-blue; 
greenish-yellow  and  violet. 

The  fact  that  impressions  made  upon  the  retina  persist  for  an  appreciable 
length  of  time  affords  an  illustration  of  the  law  of  complementary  colors.  If 
a  disk,  presenting  divisions  with  two  complementary  colore,  be  made  to 
revolve  so  rapidly  that  the  impressions  made  by  the  two  colors  are  blended, 
the  resulting  color  is  white. 

Refraction  by  Lensen. — A  ray  of  light  is  an  imaginary  pencil,  so  small  as 
to  present  but  a  single  line ;  and  the  light  admitted  to  the  interior  of  the  eye 
by  the  pupil  is  supposed  to  consist  of  an  infinite  number  of  such  rays.  In 
studying  the  physiology  of  vision,  it  is  import^int  to  recognize  the  laws  of  re- 
fraction of  rays  by  transparent  bodies  bounded  by  curved  surfaces,  with  par- 
ticular reference  to  the  action  of  the  crystalline  lens. 

The  action  of  a  double-convex  lens,  like  the  crystalline,  in  the  refraction 
of  light,  may  readily  be  understood  by  a  simple  application  of  the  well  known 
laws  of  refraction  by  prisms.  A  ray  of  light  falling  upon  the  side  of  a  prism 
at  an  angle  is  deviated  toward  a  line  perpendicular  to  the  surface  of  the  prism. 
As  the  ray  passes  from  the  prism  to  the  air,  it  is  again  refracted,  but  the  de- 
viation is  then  from  the  per})endicular  of  the  second  surface  of  the  prism. 
In  passing  through  a  prism,  therefore,  the  pencil  of  light  is  bent,  or  refnicted, 
toward  the  base. 

A  circle  is  equivalent  to  a  polygon  with  an  infinite  number  of  sides.  A 
regular,  double-convex  lens  is  a  transparent  body  bounded  by  segments  of  a 
sphere.  Theoretically  a  double-convex  lens  may  be  assumed  to  be  composed 
of  an  infinite  number  of  sections  of  prisms  (Fig.  254, 1.),  or  to  make  the  com- 
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pari^Qn  with  prLsms  more  striking,  although  less  aceiirate,  tbe  koi  nif  W 
aasunied  to  ha  composed  of  prisms  (Fig.  254,  IL^  Weiahold), 

If  these  prisms  or  sections  of  prisms  be  iutiiiitely  smalls  so  thai  tbeiair- 
face  of  each  receives  but  a  single  intinitely  amall  pencil  of  light,  these  paicdi 
will  be  refracted  toward  the  bases  of  the  prisms,  and  different  niyi  id  li^ 
from  all  points  of  an  object  may  be  brought  to  an  infinite  number  of  foci  all 
these  fooi«  for  a  plane  object,  being  in  the  same  plane.  If  the  namberirf 
sections  be  equal  on  every  side  of  the  centre  of  the  lens,  the  bm^es  lookb^ 
toward  the  axis  of  the  lens,  the  mys  of  light  will  cross  at  a  certain  pciiottBtl 
the  image  formed  by  the  lens  will  be  inverted.     This  is  illnstnit«d  in  Vi^ 


.s'-l- 
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254,  which  represents  a  section  of  a  lens  theoretically  dissected  into  m%  9^ 

tions  of  prisms. 

If  the  lens  A  B  (Fig.  254)  be  assumed  to  be  free  from  what  i-  jtuuru  m 
spherical  aberration,  the  rays  from  tlie  point  C  will  be  refracted,  and  hroaibt 
to  a  focus  at  tlie  jjoint  D.  In  the  same  way  the  rays  from  £  will  be  brought 
to  a  focus  at  F,  the  two  sets  of  rays  crossing  before  they  reiM*h  thrir  foi 
points.  The  same  is  true  for  all  the  rays  from  every  point  in  the  imnk^*  V 
which  strike  the  lens  at  an  angle,  but  the  ray  G  H,  which  is  j  nUii 

the  lens,  is  not  deviated.  The  rap  of  light  are  refracted  in  :.,.  ....j  by  I 
cornea  and  by  the  crystalline  lens.  The  retina  is  normally  at  such  a  distaoct 
from  the  lens  that  the  rays  are  brought  to  a  f<x?u5  exactly  at  its  sorf^see.  I> 
asmuch  as  the  rays  cross  each  other  before  they  reach  the  retina,  the 
is  always  inverted. 

Supposing  the  CTOtalline  lens  to  be  free  from  spheriral 
aberration,  the  formation  of  a  perfect  image  de|>ends  ujion  tin 
ditions : 

The  object  must  be  at  a  certain  distance  from  the  lens,     if  the  < 
too  near,  the  rays,  as  they  strike  the  lens,  are  too  divergent  and  i 
to  a  focus  beyond  the  plane  F  II  D,  or  behind  the  retina;  and  us  a 
quence  the  image  is  confused.     In  optical  instruments  the  adjnstimsiit  it 
made  for  objects  at  different  distances  by  moving  the  lens  itself.     In  iheigfSi 
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however,  the  adjustment  is  effected  by  increasing  or  diminishing  the  curva- 
tures of  the  lens,  so  that  the  rays  are  always  brought  to  a  focus  at  the  visual 
surface  of  the  retina.  The  faculty  of  thus  changing  the  curvatures  of  the 
crystalline  lens  is  called  accommodation.  This  power,  however,  is  restricted 
within  certain  well  defined  limits. 

In  some  individuals  the  antero-posterior  diameter  of  the  eye  is  too  long, 
and  the  rays,  for  most  objects,  come  to  a  focus  before  they  reach  the  retina. 
This  defect  may  be  remedied  by  placing  the  object  very  near  the  eye,  so  as 
to  increase  the  divergence  of  the  rays  as  they  strike  the  crystalline.  Such 
persons  are  said  to  be  near-sighted  (myopic),  and  objects  are  seen  distinctly, 
only  when  very  near  the  eye.  This  defect  may  be  remedied  for  distant  ob- 
jects, by  placing  concave  lenses  before  the  eyes,  by  which  the  rays  falling 
upon  the  crystalline  are  diverged.  The  opposite  condition,  in  which  the 
antero-posterior  diameter  is  too  short  (hypermetropia),  is  such  that  the  rays 
are  brought  to  a  focus  behind  the  retina.  This  is  corrected  by  converging 
the  rays  of  incidence,  by  placing  convex  lenses  before  the  eyes.  In  old  age 
the  crystalline  lens  becomes  flattened,  its  elasticity  is  diminished  and  the 
power  of  accommodation  is  lessened ;  conditions  which  also  tend  to  bring  the 
rays  to  a  focus  behind  the  retina.  This  condition  is  called  presbyopia.  To 
render  near  vision — as  in  reading — distinct,  objects  are  placed  farther  from 
the  eye  than  under  normal  conditions.  The  defect  may  be  remedied,  as  in 
hjrpermetropia,  by  placing  convex  lenses  before  the  eyes,  by  which  the  rays 
are  converged  before  they  fall  upon  the  crystalline  lens. 

The  mechanism  of  accommodation  will  be  fully  considered  in  connection 
with  the  physiology  of  the  crystalline  lens ;  and  at  present  it  is  sufficient  to 
state  that  in  looking  at  distant  objects,  the  rays  as  they  fall  upon  the  lens 
are  nearly  parallel.  The  lens  is  then  in  repose,  or  "  indolent."  It  is  only 
when  an  effort  is  made  to  see  near  objects  distinctly,  that  the  agents  of  ac- 
commodation are  called  into  action ;  and  then,  very  slight  changes  in  the 
curvature  of  the  lens  are  sufficient  to  bring  the  rays  to  a  focus  exactly  on  the 
visual  surface  of  the  retina. 

Spherical^  Monochromatic  Aberration. — In  a  convex  lens  in  which  the 
surfaces  are  segments  of  a  sphere,  the  rays  of  light  from  any  object  are  not 
converged  to  a  uniform  focus,  and  the  production  of  an  absolutely  distinct 
image  is  impossible.  For  example,  if  the  crystalline  lens  had  regular  curva- 
tures, the  rays  refracted  by  its  peripheral  portion  would  be  brought  to  a  focus 
in  front  of  the  retina ;  the  focus  of  the  rays  converged  by  the  lens  near  its 
centre  would  be  behind  the  retina ;  a  few,  only,  of  the  rays  would  have  their 
focus  at  the  retina  itself ;  and  as  a  consequence,  the  image  would  appear 
confused.  '  This  is  illustrated  in  imperfectly  corrected  lenses,  and  is  called 
spherical  aberration.  It  is  also  called  monochromatic  aberration,  because  it 
is  to  be  distinguished  from  an  aberration  which  involves  decomposition  of 
light  into  the  colors  of  the  spectrum.  If  an  object  be  examined  under  the 
microscope  with  an  imperfectly  corrected  objective,  it  is  evident  that  the  field 
of  view  is  not  uniform,  and  that  there  is  a  different  focal  adjustment  for  the 
centi-al  and  the  peripheral  portions  of  the  lens.     In  the  construction  of 
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optical  instruments,  this  difticulty  miiy  be  in  part  corrected  if  the  raya  of 
light  be  cut  otif  from  the  p:*riphory  of  the  lena,  by  a  diaphriigm,  which  is  an 
f)pa<]ue  screen  with  a  cireular  perforation  allowing  the  ruys  to  pass  to  a 
restricted  portion  of  tlie  len%  near  it^  centre*  The  iris  corresjionds  to  the 
diapbni^m  of  ♦  optical  instriinient«,  and  it  corrects  the  splierical  aberration  of 
the  crystalline  in  part,  by  eliminating  a  portion  of  the  mys  that  would  i»ther- 
wise  fall  npon  it«  peri{»heral  portion.  This  correct  ion,  however,  is  not  suffi- 
cient for  high  magnifying  powers ;  and  it  is  only  by  the  more  or  les^  perfect 
correction  of  this  kind  of  aherrution  by  other  means,  that  }iowerful  lensest 
have  been  rendered  available  in  optics. 

The  splieritml  aberration  of  lenses  which  diverge  the  rays  of  light  is  pre- 
cisely opposite  to  the  aberration  of  converging  lenses.  In  a  compound  lens, 
therefore,  it  is  possible  to  fulfill  the  conditions  ne<^essary  to  the  convergence 
of  all  the  incident  rays  to  a  focus  on  a  uniform  plane,  m  that  the  image  pro- 
duced behind  the  lens  is  not  distorted.  Given,  for  example,  a  double-convex 
lens,  by  which  the  mys  arc  brought  to  innumembk'  focal  points  situated  in 
ilillerent  planes.  The  fact  that  but  a  feiv  of  these  focal  })ohits  are  in  the 
plane  of  the  retina  renders  the  image  indistinct.  If  a  concave  or  a  plano- 
concave lens  be  placed  in  front  of  this  convex  lens,  which  will  diverge  the 
rays  more  or  less,  the  inequality  of  the  divergence  by  different  portions  of 
the  second  lens  will  have  the  fi>llowiug  etfcct;  As  the  angle  of  divergence 
gradually  increases  from  the  centre  toward  the  periphery,  the  rays  near  the 
periphery,  whicli  are  most  powerfully  converged  by  the  convex  lens,  will  be 
most  widely  diverged  by  the  jx^ripheral  portion  of  the  concave  lens;  so  that 
if  tlie  opposite  curvatures  be  a<'carately  adjusted,  tlie  aberrant  rays  may  be 
blended.  It  is  evident  that  if  all  the  mys  were  equally  converged  by  the  con- 
vex lens  and  ef|ually  diverged  by  the  concave  lens,  the  action  of  the  latter 
would  be  simply  to  elongate  the  focal  distance;  and  it  is  equally  evident  that 
if  the  ahernition  of  the  one  l>o  exactly  opposite  to  the  aberration  of  the  other, 
there  will  be  perfect  correction,  ^recbanical  art  has  not  eifectf^  correction 
of  every  portion  of  very  powerful  convex  lenses  in  tliis  way;  but  by  a  com- 
bination of  lensCvS  and  diaphragms  together,  highly  niagnifie<l  images*  nearly 
pei-fect,  have  been  priHluced.  Lenses  in  which  spherical  aberration  has  l>een 
corrected  are  called  aplanatic. 

It  is  evident  that  for  distinct  vision  at  different  distances,  the  crystalline 
lens  must  be  nearly  free  from  sphericid  aberration.  This  is  not  effected  by  a 
combination  of  lenses,  as  in  ordinary  optical  instruments,  but  by  the  curva- 
tures of  the  lens  itself,  and  by  certain  ditTerences  in  the  consistence  of  differ- 
^^_  ent  portions  of  the  lens,  which  will  be  fully  considcreti  hereafter. 
^^H  Chroma  fie  Aherrntion. — A  refracting  medium  does  not  act  equally  upon 

^^^  the  different  colored  rays  into  which  pure  white  light  may  be  decom- 
H  posed;  in  other  words,  as  the  pure  ray  falling  upon  the  inclined  surface  of 

H  a  ghiss  prism  is  bent,  it  ia  decomposed  into  the  colors  of  the  sfiectrum.     As  a 

^^K  convex  lens  is  practically  composed  of  an  infinite  number  of  prisms,  the  same 
^^V  effect  would  be  expected.  Indeed,  a  simple  convex  lens,  even  if  the  spherical 
B  aberration  be  corrected,  always  produces  more  or  less  decomposition  of  light. 
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The  image  formed  by  such  a  lens  will  consequently  be  colored ;  and  this 
defect  in  simple  lenses  is  called  chromatic  aberration.  At  the  same  time  it 
is  eyident  that  the  centre  of  the  different  rays  from  an  object  will  be  com- 
poeed  of  all  the  colors  of  the  spectrum  combined,  producing  the  effect  of 
white  light ;  but  at  the  borders  the  different  colors  will  be  separate  and  dis- 
tinct, and  an  image  produced  by  a  simple  convex  lens  will  thus  be  surrounded 
by  a  circle  of  colors,  like  a  rainbow. 

In  prisms  the  chromatic  dispersion  may  be  corrected  by  allowing  the 
colored  rays  from  one  prism  to  fall  upon  a  second  prism,  which  is  inverted, 
8o  that  the  colors  will  be  brought  together  and  produce  white  light.  Two 
prisms  thus  applied  to  each  other  constitute,  in  fact,  a  flat  plate  of  glass,  and 
the  rays  of  light  pass  without  deviation.  If  this  law  be  applied  to  lenses,  it 
is  evident  that  the  dispersive  power  of  a  convex  lens  may  be  exactly  opposite 
to  that  of  a  concave  lens.  By  the  convex  lens  the  colored  rays  are  separated 
by  convergence  and  cross  each  ofher ;  and  in  the  concave  lens  the  colored 
rays  are  diverged  in  the  opposite  direction.  If,  then,  a  convex  be  combined 
with  a  concave  lens,  the  white  light  decomposed  by  the  one  will  be  recom- 
posed  by  the  other,  and  the  chromatic  aberration  will  thus  be  corrected  ;  but 
in  using  a  convex  and  a  concave  lens  composed  of  the  same  material,  the  con- 
vergence by  the  one  will  be  neutralized  by  the  divergence  of  the  other,  and 
there  will  be  no  amplification  of  the  object  Newton  supposed  that  dis- 
persion, or  decomposition  of  light,  by  lenses  was  always  in  exact  proportion 
to  refraction,  so  that  it  would  be  impossible  to  correct  chromatic  aberration  and 
retain  magnifying  power ;  but  it  has  been  ascertained  that  there  are  great 
differences  in  the  dispersive  power  of  different  kinds  of  glass,  without  corre- 
sponding differences  in  refraction.  This  discovery  rendered  it  possible  to  con- 
struct achromatic  lenses  (Dollond,  1757).  According  to  Ganot,  Hall  was  the 
first  to  make  achromatic  lenses,  in  1753,  but  his  discovery  was  not  published. 

In  the  construction  of  modem  optical  instruments,  the  chromatic  aberra- 
tion is  corrected,  with  a  certain  diminution  in  the  amplification,  by  cement- 
ing together  lenses  made  of  different  material,  as  of  flint-glass  and  crown- 
glass.  Flint-glass  has  a  much  greater  dispersive  power  than  crown-glass.  If, 
therefore,  a  convex  lens  of  crown-glass  be  combined  with  a  concave  or  plano- 
concave lens  of  flint-glass,  the  chromatic  aberration  of  the  convex  lens  may 

be  corrected  by  a  concave  lens  with  a  curvature 

^^^''"'^^  which  will  reduce  the  magnifying  power  about 

one-half.     A  compound  lens,  with  the  spherical 

.    aberration  of  the  convex  element  corrected  by  the 
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Fia.  2x,-Achromatic  Urns.       curvaturc  of  a  concavc  Icus,  and  the  chromatic 
aberration  corrected  in  part  by  the  curvature,  and 
in  part  by  the  superior  refractive  power  of  flint-glass  over  crown-glass,  will 
produce  a  perfect  image. 

Although  the  eye  is  not  absolutely  achromatic,  the  dispersion  of  light  is 
not  sufficient  to  interfere  with  distinct  vision  ;  but  the  chromatic  aberration 
is  practically  corrected  in  the  crystalline  lens,  probably  by  differences  in  the 
consistence  and  in  the  refractive  power  of  its  different  layers. 
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FoBJiATiON  OF  Images  in  the  Eye. 

It  ie  necessary  ouly  to  call  to  mind  the  general  arrangement  of  tlie  differ- 
ent structiires  in  the  eye  and  to  apply  the  sinifjle  laws  of  refraction,  in  order 
to  comprehend  precisely  how  images  are  formed  upon  the  retiim. 

The  eye  corresponds  to  a  camera  obseiini*  Its  interior  h  lined  with  a 
dark,  pigmentary  memhrane  (the  elioroid),  the  immediate  art  ion  of  which  is 
to  prevent  the  confusion  of  images  by  internal  reiiection.  The  rays  of  light 
are  admit tt^l  through  a  circular  opening  (the  pupil),  the  size  of  which  is 
regulated  by  the  movements  of  the  iris.  The  pupil  ini  contracted  when  the 
light  striking  the  eye  is  intense,  and  is  dilated  as  the  quantity  of  light  is 
diminished.  In  the  accommodation  of  the  eye,  the  pupil  is  dilated  far  dis- 
tant ol>jeets  and  eootracted  for  near  objects;  for  in  looking  at  nt^r  objects^ 
the  aberrations  of  sphericity  and  achromatism  in  the  lens  are  nuire  marked, 
and  the  peripheral  portion  is  cut  off  by*  the  action  of  this  movable  diiv- 
phragm,  thus  aiding  the  corrtH'tion.  The  nxys  of  light  from  an  object  pass 
through  the  cornea,  the  aqueous  humor,  the  crystalline  lens  and  the  \itreons 
humor,  and  they  are  refracte*!  with  so  little  spherical  and  chromatic  aberra- 
tion, that  the  image  formed  upon  the  retina  is  practically  perfect*  The  layer 
of  rods  and  eones  of  the  retina  is  the  ordy  portion  of  the  eye  endowed  directly 
with  speeial  sensibility,  the  impressions  of  light  being  conveyed  to  the  brain 
by  the  optic  nerves.  Tins  layer  is  situated  next  the  pigmentary  layer  of 
the  choroid,  but  the  other  layers  of  the  retina,  through  wliich  the  light 
passes  to  reaeh  the  rods  and  cones,  are  perfectly  transparent. 

It  has  been  sho^^n  that  the  rods  and  cones  are  the  only  structures  capa- 
ble of  directly  receiving  visual  impressions,  by  the  following  experiment, 
first  made  by  Purkinje  :  With  a  convex  lens  of  short  focus,  an  intense  light 
is  concentrattnl  on  the  sclerotic,  at  a  point  as  far  as  possible  removed  from 
the  cornea.  This  passes  through  the  translucent  coverings  of  the  eye  at  this 
point,  and  the  image  of  the  liglit  reaches  the  retina.  In  then  looking  at  a 
dark  surface,  the  field  of  vision  presents  a  reddish -yellow  illumination,  with 
a  dark,  arborescent  appearance  produced  by  the  shadows  of  the  large  retinal 
vessels;  atid  as  the  lens  is  moved  slightly,  the  shadows  of  the  vessels  move 
with  it.  Without  going  elaborately  int^o  tlie  meehanisni  of  this  phenomenon, 
it  is  sufficient  to  state  that  Heinrich  Midler  Ini-s  arrived  at  a  mathematicid 
demonstmtion  that  the  shadows  of  the  vessels  are  formed  upon  the  layer  of 
rods  and  cones,  and  that  this  layer  alone  is  capable  of  receiving  impressions 
of  light  His  explanation  is  geiu'mlly  accepted  and  is  regarded  as  positive 
proof  of  the  peculiar  sensibility  of  this  portion  of  the  retina. 

Theoretically,  an  illuminated  object  placed  in  the  angle  of  vision  would 
form  upon  the  retina  an  image,  diminished  in  size  and  inverted.  This  fact 
is  capable  of  demonstration  by  means  of  the  ophthalmoscope;  as  with  this 
instrument  the  retina  and  the  images  formed  upon  it  may  be  seen  during  life. 

All  parts  of  the  retina,  except  the  point  of  entmnce  of  tfie  optic  nerve, 
are  sensitive  to  light;  and  the  arrangement  of  the  cornea  and  pupil  is  such» 
that  the  field  of  vision  is,  at  the  least  estimate,  equal  to  the  half  of  a  sphere. 
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If  a  ray  of  light  fall  upon  the  border  of  the  cornea,  at  a  right  angle  to  the 
axis  of  the  eye,  it  is  refi*acted  by  its  surface  and  will  pass  through  the  pupil 
to  the  opposite  border  of  the  retina.  Above  and  below,  the  circle  of  vision 
18  cut  off  by  the  overhanging  arch  of  the  orbit  and  the  malar  prominence ; 
but  externally  the  field  is  free.  With  the  two  eyes,  therefore,  the  lateral 
field  of  vision  must  be  equal  to  at  least  one  hundred  and  eighty  degrees. 
It  is  easy  to  demonstrate,  however,  by  the  ophthalmoscope,  as  well  as  by 
taking  cognizance  of  the  impressions  made  by  objects  far  removed  from  the 
axis  of  distinct  vision,  that  images  formed  upon  the  lateral  and  peripheral 
portions  of  the  retina  are  confused  and  imperfect.  One  has  a  knowledge 
of  the  presence  and  an  indefinite  idea  of  the  general  form  of  large  objects 
situated  outside  of  the  area  of  distinct  vision;  but  when  it  is  desired  to 
note  such  objects  exactly,  the  eyeball  is  turned  by  muscular  effort,  so  as  to 
bring  them  at  or  very  near  the  axis  of  the  globe.  This  fact,  with  what  is 
known  of  the  mechanism  of  refraction  by  the  cornea  and  lens,  makes  it 
evident  that  the  area  of  the  retina,  upon  which  images  are  formed  with 
perfect  distinctness,  is  quite  restricted.  A  moment's  reflection  is  sufficient 
to  convince  any  one  that  in  order  to  see  any  object  distinctly,  it  is  necessary 
to  bring  the  axis  of  the  eye  to  bear  upon  it  directly. 

In  examining  the  bottom  of  the  eye  with  the  ophthalmoscope,  the  yellow 
spot,  with  the  fovea  centralis,  can  be  seen,  free  from  large  blood-vessels,  and 
composed  chiefly  of  those  elements  of  the  retina  which  are  sensitive  to  light. 
If  at  the  same  time,  an  image  for  which  the  eye  is  perfectly  adjusted  be  ob- 
served, it  will  be  seen  that  this  image  is  perfect  only  at  the  fovea  centralis ; 
and  if  the  object  be  removed  from  the  axis  of  vision,  there  is  a  confused  image 
upon  the  retina,  removed  from  the  fovea,  at  the  same  time  that  the  subject 
is  conscious  of  indistinct  vision.  In  the  words  of  Helmholtz,  "  It  is  only  in 
the  immediate  vicinity  of  the  ocular  axis  that  the  retinal  image  possesses 
entire  distinctness ;  beyond  this,  the  contours  are  less  defined.  It  is  in  part 
for  this  Veason  that  in  general  we  see  distinctly  in  the  field  of  vision,  only 
the  point  that  we  fix.  All  the  others  are  seen  vaguely.  This  lack  of  dis- 
tinctness in  indirect  vision,  in  addition,  depends  also  upon  diminished  sensi- 
bility of  the  retina :  at  a  slight  distance  from  the  fixed  point,  the  distinct- 
ness of  vision  has  diminished  much  more  than  the  objective  distinctness 
of  retinal  images." 

At  the  point  of  penetration  of  the  optic  nerve,  the  retina  is  insensible  to 
luminous  impressions ;  or  at  least,  its  sensibility  is  here  so  obtuse  as  to  be 
entirely  inadequate  for  the  purposes  of  vision.  This  point  is  called  the  punc- 
tum  caecum ;  and  its  want  of  sensibility  was  demonstrated  many  years  ago 
(1668)  by  Mariotte.  The  classical  experiment  by  which  this  important  fact 
was  ascertained  is  generally  known  as  Mariotte's  experiment.  The  following 
account  is  quoted  verbatim : 

"  I  fasten'd  on  an  obscure  Wall  about  the  hight  of  my  Eye,  a  small  round 
paper,  to  serve  me  for  a  fixed  point  of  Vision ;  and  I  fiistened  such  an  other 
on  the  side  thereof  towards  my  right  hand,  at  the  distance  of  about  2.  foot ; 
but  somewhat  lower  than  the  first,  to  the  end  that  it  might  strike  the  Optick 
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Nerve  of  my  Ri|jht  Eye,  whilst  I  kept  my  Left  shut.  Then  I  placed  myself 
over  against  the  Fii'ist  paper,  und  drew  back  by  little  and  little,  keeping  my 
Right  Eye  fixt  and  very  steddy  upon  the  same;  and  being  about  lU.  foot 
distant,  the  seeond  paper  totally  dl'^ij^peMrVL"" 

In  this  experiment  the  rays  of  light  fruni  the  paper  which  has  disap- 
peared from  \iew  are  received  u|>oti  the  pmictum  caecnin,  at  th©  point  of 
entrance  of  the  optic  nerve.  If  the  observer  withdraw  himself  still  farther, 
the  second  circle  will  reapiJcar,  as  the  rays  are  removed  from  the  pimotum 
ca^ium.  With  tliG  ophthalmoscope,  the  ix^int  of  penetration  of  the  optic 
nerve  may  readily  be  seen  in  the  living  eye.  If  the  image  of  a  flame  l>e 
directed  upon  this  point,  the  sensation  of  light  is  either  not  perceived  or  it 
18  very  faint  and  indefinite,  and  it  is  then  probably  due  to  diffusion  to  other 
portions  of  the  retina. 

The  relative  sensibility  of  different  portions  of  the  retina  has  been  raeas- 
nred  by  Volkmaun  and  has  been  fonnd  t-o  be,  in  an  inverse  ratio,  ecpial  to 
about  the  square  of  the  distance  from  the  axis  of  most  perfect  vision*  This 
observer  calculated  the  distance  l>ctween  the  sensitive  elements  of  the  retina 
at  which  he  supposcil  that  two  parallel  lines  would  appear  as  one.  In  the 
axis  of  vision,  the  distance  was  O-OOd'^t*  inch  (7*3*j*)  ^),  and  at  a  deviation  in* 
ward  of  8^  it  was  0*03186  inch  (800244  /t),  a  dimiiiutiun  of  acutene^  i 
more  than  a  hundred  times. 

Vi:iual  Purple  and  J'isual  Ydhm\  and  Avrommodation  of  (he  ^ye  for 
Different  Der/rees  of  lUmmnaHofh — The  outer  segments  of  the  ro*.l8  of  the 
retina  sometimes  present  a  |>eculiar  reil  or  purple  color,  which  disapjiear 
after  ten  or  twelve  seconds  of  cxpoj?iire  to  light     This  w^is  first  observed 
Boll  (1876)  in  the  retime  of  frogs  that  had  been  kept  for  a  certain  time  in 
the  dark.     From  his  preliminary  researches,  Boll  conclud(Hl  that  this  colons j 
tion  of  the  retina  exist^s  only  during  life  und  persists  hut  a  few  moments  after! 
death ;  that  it  is  constantly  destroyed  dnring  life  by  the  action  of  light  and 
reappe-ars  in  the  dark ;  and  tinally  that  it  plays  an  importiint  part  in  the  act 
of  vision*     Kidme  and  others  have  since  contiruied  and  extended  the  original 
observations  of  lioll;  and  the  visual  purple  (rhodopsinc)  has  been  noted  in! 
the  nianimalia  and  in  man.     It  has  Imjcu  extracted  from  the  retina?  of  frog« 
and  dissolved  in  a  five-per-cent.  solution  of  crystallized  ox-gall-,  still  present- 
ing in  solution  its  remarkable  sensitiveness  to  light  (Ayres)*     Finally  it  haii 
been  found  possible  to  fix  images  of  simple  objects,  such  as  strijis  of  black 
paper  pasted  upon  a  plate  of  ground  glass,  upon  the  retina,  by  a  process  very 
like  that  of  photography. 

The  visual  purple  is  produced  by  the  cells  of  the  pigmentary  layer  of  the  . 
retina  and  from  them  is  absorbed  by  the  outer  segments  of  the  rods.     It  ti| 
not  present  in  any  part  of  the  cones  and  does  not  exist,  therefore,  in  the  i 
of  distinct  vision,  at  tlie  fovea  centmlis.     The  rapid  disapfjcitmnce  of 
color  under  the  inHuenoe  of  actinic  rays  of  light  renders  it  neceesarj  to  ex* 
amine  the  retina  under  a  non-actinic  (moui>chromatic)  S4>diuni-flame  (Avres)<j 
When  thus  examined  and  gradually  exposed  to  actinic  rays,  the  color  quickly ' 
fades  into  a  yellow  and  finally  disappears,  being  restored,  however,  in  the  dark* 
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If  the  choroid  and  the  pigmentary  layer  of  the  retina  be  removed,  the  rods 
are  bleached,  and  the  color  is  restored  in  the  dark  when  the  choroid  is  re- 
placed. In  the  eye  of  the  frog,  kept  in  the  dark,  the  hair-like  processes 
which  extend  from  the  pigmentary  layer  of  the  retina  downward  between  the 
rods  and  cones  are  retracted,  and  the  pigment  is  then  contained  chiefly  in  the 
cells  themselves.  After  prolonged  exposure  of  the  retina  to  light,  these  pro- 
cesses, loaded  with  pigment,  extend  between  the  cones  as  far  as  the  limitary 
membrane  (Kuhne). 

The  fact  that  visual  purple  has  never  been  found  in  the  fovea  centralis  is 
opposed  to  the  theory  that  its  existence  is  directly  essential  to  distinct  vision ; 
nevertheless,  certain  phenomena  observed  in  passing  from  a  bright  light  to 
comparative  obscurity,  and  the  reverse,  show  that  the  purple  has,  at  least,  an 
important  indirect  action.  In  passing  from  the  dark  to  bright  light,  the  eye 
is  dazzled  and  distinct  vision  is  difficult.  It  may  be  assumed  that  this  is  due 
to  unusual  general  sensitiveness  of  the  retina  to  light,  on  account  of  the  ex- 
cessive quantity  of  visual  purple  which  has  accumulated  in  the  dark,  and 
that  distinct  vision  is  restored  when  the  retina  is  bleached  to  a  yellow,  which 
seems  to  be  the  most  favorable  condition  for  the  exact  appreciation  of  visual 
impressions,  under  full  illumination.  On  the  other  hand,  it  requires  time  for 
the  eye  to  become  accustomed  to  a  dim  light ;  and  during  this  time  the  yel- 
low is  changing  to  purple.  These  changes  in  the  color  of  the  retina  have 
been  actually  observed  (Ayres).  Investigations  of  the  absorption-spectra  of 
the  purple  and  yellow  have  shown  that  the  purple  allows  the  actinic  rays  to 
pass  perfectly,  while  the  yellow  completely  absorbs  these  rays  (Kuhne).  The 
existence  of  visual  purple  seems  to  be  most  favorable  to  the  imperfect  and 
shadowy  vision  which  occurs  under  dim  illumination,  when  the  exact  appre- 
ciation of  minute  details  is  impossible.  In  the  condition  known  as  night- 
blindness,  it  is  probable  that  the  visual  purple  has  become  exhausted  beyond 
the  possibility  of  prompt  restoration  such  as  is  normal ;  and  persons  so  affected 
can  not  see  at  night,  although  minute  vision  under  a  bright  light  may  not  be 
affected.  In  certain  cases  of  this  kind,  the  normal  conditions  may  be  re- 
stored by  a  few  days'  seclusion  in  the  dark.  What  is  called  functional  night- 
blindness  frequently  occurs  in  sailors  during  long,  tropical  voyages,  and  is 
due  to  the  excessive  action  of  diffused  light  upon  the  retina.  "  That  the 
affection  is  local,  is  shown  by  the  fact  that  darkening  one  eye,  with  a  band- 
age, during  the  day,  has  been  found  to  restore  its  sight  enough  for  the  ensuing 
night's  watch  on  board  ship,  the  unprotected  eye  remaining  as  bad  as  ever  " 
(Nettleship). 

The  change  of  the  visual  purple  to  yellow  is  readily  effected,  but  the 
farther  change  to  white  is  slower  and  more  difficult.  Conversely,  the  change 
from  white  to  yellow  is  slow  and  the  change  from  yellow  to  purple  is  com- 
paratively prompt.  One  use  of  the  colors  purple  and  yellow  seems  to  be  to 
accommodate  the  retina  for  vision  under  different  degrees  of  illumination. 
The  purple  adapts  the  eye  to  a  feeble  illumination,  and  the  yellow,  to  a  full 
illumination.  This  being  the  case,  it  is  inanifestly  proper  to  speak  of  a 
visual  yellow  (Kiihne)  as  well  as  of  visual  purple. 
46 
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That  the  accommodation  of  the  eye  to  different  degrees  of  illi 
due  to  the  changes  in  the  colors  produced  by  the  pigmentan  U; 
retina  and  not  to  different  degrees  of  dilatation  of  the  pupil,  is  shown 
faot  that  a  persi^n  does  not  see  better  in  the  dark  when  the  pupi"  ^ 
dilated  by  atropine  (Loring).     In  a  very  dim  light  there  is  no  pL»^u ..... 
exact  accommodation  for  near  objects,  which^  when  small,  can  not  he  «*ij 
distinctly ;  and  the  contraction  of  the  pupil  which  attends  accommoiUtinii 
for  near  vision  does  not  occur.     It  is  possible  that  under  dim  illaminatuKQ, 
parts  outside  of  the  fovea,  which  are  insensible  to  vision  under  a  bright  Hght, 
receive   visual    impressioas.      Under  the^  conditions  the   pupil  is  diktd 
and  rays  impinge  on  pf)rtion8  uf  the  retina  not  used  in  direct  TifiioiL    A 
natuiiil  extension  of  this  idea  would  confine  distinct  vision  and  the  appreci^ 
tion  of  minute  det>ails  to  the  action  of  the  fovea  centralis^  in  which  then*  ts 
no  visual  purple,  other  parts  of  the  retina,  under  full  illumination,  not  \m^ 
used.     To  express  this  in  a  few  words,  the  fovea  centralis  is  used  by  day,  and 
the  adjacent  parts  of  the  retina,  by  night. 

Mechanism  op  Refuactiox  in  the  Eye. 

An  object  that  is  seen  reflects  rays  from  every  point  of  it«  surface,  to  I 
comeiL  If  the  object  be  near,  the  rays  from  each  and  ©very  point  an?  dif 
gent  as  they  strike  the  eye.  Kays  from  distant  objects  are  praetically  ] 
It  is  evident  that  the  refraction  for  diverging  rays  must  be  greater  than  I 
parallL4  rays,  as  a  necessity  of  distinct  vision;  in  other  words,  the  eyei 
be  accommodated  for  \^siou  at  different  distances.  Leaving,  however, 
mechanism  of  accommodation  for  future  consideration,  it  may  be  sl 
simply  that  the  important  agents  in  refraction  in  the  eye  are  the  so 
of  the  cornea  and  the  crystalline  lens.  Calculations  have  shown  that 
index  of  refraction  of  the  aqueous  humor  is  sensibly  the  same  as  that  I 
the  substance  of  the  cornea,  so  that  practically  the  refraction  is  the  »«* 
as  if  the  cornea  and  the  aqueous  humor  were  one  and  the  same  substanoe. 
The  index  of  refraction  of  the  vitreous  humor  is  practically  tlie  same  m 
that  of  the  aqueous  humor,  both  lieing  about  equal  to  the  index  of  refm** 
tion  of  pure  water.  Refraction  by  the  crystalline  lens,  however,  is 
complex  in  its  mechanism ;  depending  first,  uf>on  the  curvatures  of  its 
surfaces,  and  again,  upon  tlie  differences  in  tlie  consistence  of  di!' 
tions  of  its  substance.  In  view  of  these  facts,  the  conditions  ui  .  ..- 
in  the  eye  in  distinct  vision  may  bo  simplitied  by  aasnming  tlie  foUoi 
arrangement : 

The  cornea  presents  a  convex  surface  upon  which  the  rays  of  hght  i 
received.    At  a  certain  distance  behind  its  anterior  border,  is  the  cr 
a  double  convex  lens,  corrected  sufficiently  for  all  prac*tical  purposes,  bothi 
spherical  and  chromatic  aberration.     This  lens  is  practically  suspended  i 
liquid  with  an  index  of  refraction  equal  to  that  of  pur©  water^  as  b^ith 
aqueous  humor  in  front  and  the  vitreous  humor  behind  have  the  tmme  tell 
ive  power.     Behind  the  lens,  in  its  axis  and  exactly  in  the  plane  upon  wh 
tlie  rays  of  light  are  brought  to  a  focus  by  the  action  of  the  oomea  and  < 
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lens,  is  the  fovea  centralis,  which  is  the  centre  of  distinct  vision.  The  an- 
•tomical  elements  of  the  fovea  are  capable  of  receiving  visual  impressions, 
which  are  conveyed  to  the  brain  by  the  optic  nerves.  All  impressions  made 
apon  other  portions  of  the  retina  are  comparatively  indistinct ;  and  the  point 
of  entrance  of  the  optic  nerve  is  insensible  to  light.  Inasmuch  as  the  punc- 
tnm  csecum  is  situated  in  either  eye  upon  the  nasal  side  of  the  retina,  in  nor- 
mal vision,  rays  from  the  same  object  can  not  fall  upon  both  blind  points  at 
the  same  time.  Thus,  in  binocular  vision,  the  insensibility  of  the  punctum 
caecum  does  not  interfere  with  sight ;  and  the  movements  of  the  globe  pre- 
vent any  notable  interference  in  vision,  even  with  one  eye.  The  sclerotic 
coat  is  for  the  protection  of  its  contents  and  for  the  insertion  of  muscles. 
The  iris  has  an  action  similar  to  that  of  the  diaphragm  in  optical  instru- 
ments. The  suspensory  ligament  of  the  lens,  the  ciliary  body,  and  the  cili- 
ary muscle,  are  for  the  fixation  of  the  lens  and  its  accommodation  for  distinct 
vision  at  different  distances.  The  choroid  is  a  dark  membrane,  for  the  ab- 
sorption of  light,  preventing  confusion  of  vision  from  reflection  within  the  eye. 

Refraction  by  the  cornea  is  effected  simply  by  its  external  surface.  The 
rays  of  light  from  a  distant  point  are  deviated  by  its  convexity  so  that,  if 
they  were  not  again  refracted  by  the  crystalline  lens,  they  would  be  brought 
to  a  focus  at  a  point  situated  about  ^  of  an  inch  (10  mm.)  behind  the 
retina.  Without  the  crystalline  lens,  therefore,  distinct,  unaided  vision  gen- 
erally is  impossible,  although  the  sensation  of  light  is  appreciated.  In  cases 
of  extraction  of  the  lens  for  cataract  (aphakia),  the  crystalline  is  supplied  by 
a  convex  lens  placed  before  the  eye. 

The  rays  of  light,  refracted  by  the  anterior  surface  of  the  cornea,  are 
received  upon  the  anterior  surface  of  the  crystalline  lens,  by  which  they  are 
still  farther  refracted.  Passing  through  the  substance  of  the  lens,  they 
undergo  certain  modifications  in  refraction,  dependent  upon  the  differences 
in  the  various  strata  of  the  lens.  These  modifications  have  not  been  accu- 
rately calculated;  but  it  is  sufficient  to  state  that  they  contribute  to  the 
accuracy  of  the  formation  of  the  retinal  image  and  to  the  production  of  an 
image  practically  free  from  chromatic  dispersion.  As  the  rays  pass  out  of 
the  crystalline  lens,  they  are  again  refracted  by  its  posterior  curvature  and 
are  brought  to  a  focus  at  the  point  of  distinct  vision. 

The  rays  from  all  points  of  an  object  distinctly  seen  are  brought  to  a 
focus,  if  the  accommodation  of  the  lens  be  correct,  upon  a  restricted  surface 
in  the  macula  lutea;  but  the  rays  from  different  points  cross  each  other 
before  they  reach  the  retina,  and  the  image  is  inverted. 

Calculating  the  curvatures  of  the  refracting  surfaces  in  the  eye  and  the 
indices  of  refraction  of  its  transparent  media,  it  has  been  pretty  clearly 
shown,  by  mathematical  formulae,  that  the  eye — viewed  simply  as  an  optical 
instrument,  and  not  practically,  as  the  organ  of  vision — presents  a  certain 
degree  of  spherical  and  chromatic  aberration ;  but  these  calculations  are  not 
very  important  in  a  purely  physiological  consideration  of  the  sense  of  sight. 

In  most  calculations  of  the  size  of  images,  the  positions  of  conjugate  foci, 
etc.,  in  normal  and  abnormal  eyes,  a  schematic  eye  reduced  by  Donders,  after 
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the  example  of  Listing,  is  regarded  as  gufliciently  exact  for  all  practice]  jmr*^ 
poses.     This  simple  scheme  represents  the  eye  as  reduced  to  a  single  rvfr^ict- 
ing  surface,  the  coniea,  and  a  single  liquid  assumed  to  have  an  index  of  pb-  < 
fraction  equal  to  that  of  pnre  water.    The  distance  betireen  what  are  ti 
the  two  nodal  points  and  l^etween  the  two  principal  points  of  the  dioptric  g 
tern  of  the  eye  is  ao  small,  amounting  to  hardly  j^  of  an  inch  (0-^MTnm.J, 
that  it  can  be  neglected.     In  this  simple  eye,  there  is  assumed  to  be  a  mdia 
of  curvature  of  the  cornea  of  about  \  of  an  inch  (5  mm*)  and  a  single  optic 
centre  situated  \  of  an  inch  (5  mm.)  back  of  the  cornea,  the  **  princip 
point "  being  in  the  cornea,  in  the  axis  of  vision.     The  posterior  focal 
tance,  that  is,  the  focus,  at  the  bottom  of  the  eye,  for  rays  that  are  pftmlld  a 
the  air,  is  about  |  of  an  inch  {2l\  mm.).     The  anterior  focal  distance,  tliati^ 
for  rays  parallel  in  the  vitreous  humor,  is  abont  |  of  an  inch  (15  mm.). 
measurements  in  this  simple  schematic  eye  can  easily  be  remenibeTeil 
used  in  calculations. 

Astigmatism, 

In  the  normal  hmnan  eye  the  visual  line  docs  not  coincide  exacUy  with 
the  mathematical  axis;  but  thei-e  is  still  another  normal  deviation  trm 
mathematical  exactness  in  the  refraction  of  rays  by  the  cornea  and  the  crti^ 
talline  lens,  which  is  of  considerable  inifjortance.     If  two  threads,  cnwin» 
each  other  at  right  angles  in  the  same  plane,  be  placed  before  the  qrcA^cw 
of  these  threads  being  vertical,  and  the  other,  horizon laK  when  the  opti<il 
apparatus  is  adjusted  so  that  one  line  is  seen  with  jH.*rfeet  distinctue«,tbc 
other  is  not  well  defined.     In  other  words,  when  the  eye  is  accommodated 
for  the  vertical  thread,  the  horizontal  thread  is  indistinct,  and  rice  t^trtd*  If 
the  horizontal  line  be  seen  distinctly,  in  order  to  see  the  vertical  line  withcwU 
mcHlifyiug  the  accommodation,  it  must  l)e  removed  to  a  greater  distance. 
This  depends  chiefly  upon  a  difference  in  the  vertical  and  the  horizonU 
curvatures  of  the  cornea,  so  that  the  horizontal  meridian  has  a  focus  sUghtl 
different  from  the  foeue  of  the  vertical  meridian.     A  condition  opposite  1 
that  observed  in  the  cornea  usually  exists  in  the  crystalline  lens ;  that  is,  i 
ditference  wliich  exists  between  the  curvatures  of  the  lens  in  the  vertical  \ 
the  horizontal  meridians  is  such  that  the  deepest  curvature  in  the  lenij 
situated  in  the  meridian  of  the  shallowest  curvature  of  the  cornea.    In  th 
way,  in  normtd  eyes,  the  aberration  of  the  lens  has  a  tendency  to  correct  1 
aberration  in  the  cornea;  but  this  correction  is  incomplete,  and  there  i^ti 
remains,  in  all  degrees  of  accommodation,  a  certain  difference  in  vis 
regards  vertical  and  horizontal  lines. 

The  condition  just  described  is  known  under  the  name  of  normal,  i 
astigmatism ;  but  the  abernUion  is  not  sufficiently  great  to  interfere  with  < 
tinct  vision.     The  degree  of  re^lar  astigmatism  presents  normal  variatid 
in  different  eyes.     In  some  eyes  there  is  no  astigmatism ;  but  this  is 
According  to  Donders,  if  the  astigmatism  amount  to  ^  or  more,  it  is  t(»  | 
considered  abnormal ;  which  simply  means  that  beyond  this  point  the  ab 
ration  interferes  with  distinct  vision. 

Prom  the  simple  definition  of  regular  astigmatism,  it  ia  evident  that 
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condition  and  the  degree  to  which  it  exists  may  easily  be  determined  by 
noting  the  differences  in  the  foci  for  vertical  and  horizontal  lines,  and  it  may 
be  exactly  corrected  by  the  application  of  cylindrical  glasses  of  proper  curva- 
tnre.  Indeed,  the  curvature  of  a  cylindrical  glass  which  will  enable  a  person 
to  distinguish  vertical  and  horizontal  lines  with  perfect  distinctness  at  the 
same  time,  is  an  exact  indication  of  the  degree  of  aberration.  Regular 
astigmatism,  such  as  just  described,  may  be  so  exaggerated  as  to  interfere 
▼ery  seriously  with  vision,  when  it  becomes  abnormd.  This  kind  of  aberra- 
tion, however,  which  is  dependent  upon  an  abnormal  condition  of  the  cornea, 
is  remediable  by  the  use  of  properly  adjusted,  cylindrical  glasses. 

Irregular  astigmatism,  excluding  cases  of  pathological  deformation, 
opaque  spots  etc.,  in  the  cornea,  depends  upon  irregularity  in  the  different 
sectors  of  the  crystalline  lens.  Instead  of  a  simple  and  regular  aberration, 
consisting  in  a  difference  between  the  depth  of  the  vertical  and  the  horizontal 
curvatures  of  the  cornea  and  lens,  there  are  irregular  variations  in  the  curva- 
tures of  different  sectors  of  the  lens.  As  a  consequence  of  this,  when  the 
irregularities  are  very  great,  there  is  impairment  of  the  sharpness  of  vision. 
The  circles  of  diffusion,  which  are  regular  in  normal  vision,  become  irregu- 
larly radiated,  and  single  points  appear  multiple,  an  irregularity  described 
under  the  name  of  polyopia  monocularis.  Accurate  observations  have  shown 
that  this  condition  exists  to  a  very  moderate  degree  in  normal  eyes ;  but  it  is 
so  slight  as  not  to  interfere  with  ordinary  vision.  In  what  is  called  normal, 
irregular  astigmatism,  the  irregularity  depends  entirely  upon  the  crystalline 
lens.  If  a  card  with  a  very  small  opening  be  placed  before  the  eye  and  be 
moved  in  front  of  the  lens,  so  that  the  pencil  of  light  falls  successively  upon 
different  sectors,  it  can  be  shown  that  the  focal  distance  is  different  for  dif- 
ferent portions.  The  radiating  lines  of  light  observed  in  looking  at  remote, 
luminous  points,  as  the  fixed  stars,  are  produced  by  this  irregularity  in  the 
curvatures  of  the  different  sectors  of  the  lens. 

While  regular  astigmatism,  both  normal  and  abnormal,  may  be  perfectly 
corrected  by  placing  cylindrical  glasses  before  the  eyes,  it  is  impossible,  in  the 
great  majority  of  cases,  to  construct  glasses  which  will  remedy  what  has  been 
called  irregular  astigmatism. 

Movements  of  the  Iris. 

There  are  two  physiological  conditions  under  which  the  size  of  the  pupil 
is  modified :  The  first  of  these  depends  upon  the  degree  of  illumination  to 
which  the  eye  is  exposed.  When  the  illumination  is  dim,  the  pupil  is  widely 
dilated.  When  the  eye  is  exposed  to  a  bright  light,  the  retina  is  protected 
by  contraction  of  the  iris.  The  muscular  action  by  which  the  iris  is  con- 
tracted is  characteristic  of  the  smooth  muscular  fibres,  as  can  be  readily  seen 
by  exposing  an  eye,  in  which  the  pupil  is  dilated,  to  a  bright  light.  Con- 
traction does  not  take  place  instantly,  but  an  appreciable  interval  elapses  after 
the  exposure,  and  a  more  or  less  gradual  diminution  in  the  size  of  the  pupil 
is  observed.  This  is  seen  both  in  solar  and  in  artificial  light.  The  second 
of  these  conditions  depends  indirectly  upon  the  voluntary  action  of  muscles. 
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The  effort  of  converging  the  axes  of  the  eyes,  by  looking  at  a  very  ne«r  ob- 
ject, contraois  the  pupils ;  and  aceommmlation  of  the  eye  for  near  objects 
produces  the  same  effect,  even  when  the  eyes  are  not  converged,  This  aetion 
will  be  fully  considered  under  the  head  of  aeeomnnKlatioti. 

Direct  Aviion  of  Light  npon  the  In's, — The  variations  in  the  size  of  the 
pupil  under  different  physiulogical  eoodition^  are  etfeeted  almost  exclusively 
through  the  nervous  ay t^ tern,  either  by  reflex  action  from  variations  in  the 
intensity  of  light,  or  by  a  direct  influence,  as  in  accommodation  for  dis- 
tAnce« ;  but  it  is  nevertheless  true  that  the  muscular  tissue  of  the  iris  will 
respond  directly  to  the  stimulus  of  light.  Harless  noted,  in  ^ubjceta  dead  of 
various  diseases,  live  to  thirty  hoars  after  deaths  that  the  iris  contracted  nn- 
der  the  stimuhia  of  light ;  and  he  regarded  this  iis  prf^bably  due  to  direct 
action  upon  its  muscular  tissue.  It  is  not  reflex^  for  the  reason  that  ihe  irri- 
tability of  the  nerves  in  warm-blooiled  animals  disjippears  certainly  in  twenty 
hunrs  after  deutli.  The  experiments  of  llarlesa  were  made  n{K>n  the  two 
eyes,  one  being  exposed  to  the  light,  while  the  other  w^as  closotl.  The  con- 
trac!tion,  however,  touk  place  very  slowlVt  requiring  an  exposure  of  sevenU 
hours.  This  mode  of  contraction  is  very  different  from  the  action  of  the  iris 
during  life,  but  it  is  precisely  like  the  contmction  observed  after  division  of 
the  motor  oculi  eomniunis,  which  is  slow  and  gmdual  and  depends  upon  the 
direct  action  of  light  upon  the  muscular  tibres, 

Aciion  of  thf  Xervous  S^Hiem  upon  the  /n'.^.— This  subject,  as  far  as  it 
relates  to  the  third  pair,  has  been  considered  in  connection  with  the  physi- 
ology of  these  nerves ;  and  it  is  uunecessary  to  refer  again  in  detail  to  the 
experiments  which  have  already  been  cited.  The  reflex  phenomena  observed 
are  sufficiently  distinct.  When  light  is  admitted  to  the  retina,  the  pupil  con- 
tracts, and  the  sauie  result  follows  met*hanical  irritation  of  the  optic  nerTQ 
When  the  third  pair  of  nerves  has  been  dividetl,  no  such  reflex  phenomes 
are  observed.  It  is  well  known,  also,  that  division  of  the  third  nerves  in  the 
lower  animals  or  their  pandysis  in  the  human  subject  produces  permanent 
dilatation  of  the  jtupil,  the  iris  responding,  only  in  the  slow  and  gradual  maii- 
ner  already  indicated^  to  the  direct  action  of  light 

Taking  all  the  experimental  facts  into  eoiisiileration,  it  is  oerbiin  that  the' 
third  nerve  has  an  iniportant  intluonce  upou  the  iris.  Filaments  from  the 
ophthalmic  ganglion  animate  the  circular  fibres,  or  sphincter,  and  these  tila- 
ments  are  derived  from  the  thinl  cninial  nerve.  If  this  nerve  be  divided, 
the  iris  becomes  permanently  ililatetl  and  is  immovable,  except  that  it  re- 
sponds very  slowly  to  the  direct  action  of  light-  The  reflex  action  by 
which  the  pupil  is  contracted  under  the  stimulus  of  liglit  openites  through. 
the  third  nerve,  and  no  such  action  cun  take  place  after  this  nerve  hae 
divided.  In  view  of  these  facts,  there  can  h^  no  doubt  with  regard  to  the 
nervous  action  upon  the  sphincter  of  the  pupil,  this  muscle  being  animated 
exclusively  by  filaments  from  the  motor  oculi  communis,  coming  through  the 
ophthalmic  ganglion. 

Most  anatomists  admit  the  existence  of  radiating  muscular  fibres  in  the 
iris,  the  action  of  which  is  antagonistic  to  the  circular  fibres,  and  which  dilate 
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the  papil.  That  these  fibres  are  subjected  to  nervous  influence,  is  rendered 
certain  by  experiments  upon  the  sympathetic  system.  There  can  be  no  doubt 
that  the  action  of  the  sympathetic  upon  the  pupil  is  directly  antagonistic  to 
that  of  the  third  pair,  the  former  presiding  over  the  radiating  muscular  fibres ; 
ind  tiie  only  question  to  determine  is  the  courae  taken  by  the  sympathetic 
filaments  to  tl^  iris.  Experiments  on  the  influence  of  the  fifth  pair  upon  the 
pupil  haye  been  somewhat  contradictory  in  different  animals.  In  rabbits  sec- 
tion of  this  nerve  in  the  cranial  cavity  produces  contraction  of  the  pupil ; 
but  in  dogs  and  cats  the  same  operation  produces  dilatation.  In  the  human 
subject,  of  course,  it  is  impossible  to  determine  this  point  by  direct  experi- 
ment ;  and  the  varying  results  obtained  in  observations  upon  different  ani- 
mals probably  depend  upon  differences  in  the  anatomical  relations  of  the 
nerves.  Ji  is  probable,  however,  that  the  filaments  of  the  sympathetic  which 
animate  the  radiating  fibres  join  the  fifth  nerve  near  the  ganglion  of  Gasser, 
and  from  this  nerve  pass  to  the  iris. 

There  seem  to  be  two  distinct  nerve-centres  corresponding  to  the  two  sets 
of  nerves  which  regulate  the  movements  of  the  iris.  One  of  these  centres 
presides  over  the  reflex  contractions  of  the  iris,  and  the  other  is  the  centre  of 
origin  of  the  nervous  influence  through  which  the  pupil  is  dilated. 

The  mechanism  of  reflex  contraction  of  the  iris  under  the  stimulus  of 
light  is  sufficiently  simple.  An  impression  is  made  upon  the  retina,  which  is 
conveyed  by  the  optic  nerves  to  the  centre,  and  in  obedience  to  this  impres- 
sion, the  sphincter  of  the  iris  contracts.  If  the  optic  nerves  be  divided,  so 
that  the  impression  can  not  be  conveyed  to  the  centre,  or  if  the  third  nerve 
be  divided,  no  movements  of  the  iris  can  take  place.  The  centres  which 
preside  over  the  reflex  phenomena  of  contraction  of  the  pupil  are  situated  in 
the  medulla  oblongata.  The  action  of  these  centres  is  crossed  in  animals  in 
which  the  decussation  of  the  optic  nerves  is  complete.  In  man  the  axes  of 
both  eyes  are  habitually  brought  to  bear  upon  objects,  and  it  is  well  known 
that  there  is  a  physiological  unity  in  the  action  of  the  two  eyes  in  ordinary 
vision.  It  has  been  observed  that  when  one  eye  only  is  exposed  to  light,  the 
pupil  becoming  contracted  under  this  stimulus,  the  pupil  of  the  other  eye 
also  contracts.  There  is,  indeed,  a  direct  contraction  and  dilatation  of  the 
pupil  of  the  eye  which  is  exposed  to  the  light,  and  an  indirect,  or  "  consen- 
sual "  movement  of  the  iris  upon  the  opposite  side.  The  consensual  con- 
traction occurs  about  |  of  a  second  later  than  the  direct  action,  and  the  con- 
sensual dilatation,  about  i  of  a  second  later  (Bonders). 

Budge  and  Waller  have  shown  that  the  filaments  of  the  sympathetic 
which  produce  dilatation  of  the  pupil  take  their  origin  from  the  spinal  cord. 
In  the  spinal  cord,  between  the  sixth  cervical  and  the  second  thoracic  nerves, 
is  the  inferior  cilio-spinal  centre.  When  the  spinal  cord  is  stimulated  in  this 
situation,  both  pupils  become  dilated.  If  the  cord  be  divided  longitudinally 
and  the  two  halves  be  separated  from  each  other  by  a  glass  plate,  stimulation 
of  the  right  half  produces  dilatation  of  the  right  pupil,  and  vice  versa.  This 
does  not  occur  when  the  sympathetic  in  tlie  neck  has  been  divided.  In  ad- 
dition to  the  inferior  cilio-spinal  centre,  there  is  a  superior  centre,  which  is 
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in  commnnication  with  the  8U  peri  or  cerviunl  ganglion  and  is  situatc*d  near 
the  subiingnal  nerve.  The  inlluent^e  of  this  centre  over  the  pupil  can  not  be 
demonstrated  hy  direct  stimulation,  becanse  it  is  too  near  the  origin  of  the 
fifth,  irritation  of  which  aifects  tlie  iris;  but  it  is  shown  by  division  of  its 
filaments  of  commnnication  witli  the  iris. 

AcrOMMODATlON    OF   THE    EyK    FOR    VlSIOX    AT   DIFFERENT    DISTAXCE.S, 

Supposing  the  eye  to  be  adapted  to  vision  at  an  infinite  distance,  in  which 
the  rays  from  an  object,  as  they  strike  the  cornea,  are  practically  paniHel,  it  is 
evident  that  the  fcK?i  of  the  rays,  as  they  form  a  distinct  image  upon  the  reti- 
na, are  all  situated  at  the  proper  plane.  Under  these  conditions,  in  a  j>crfectly 
normal  eye,  the  image,  appreciated  by  the  individual  or  seen  by  means  of  tlie 
ophthalmoscope,  is  perfectly  clear  and  distinct.  If  the  foci  be  situated  in 
front  of  the  retina,  tlie  rays,  instead  of  coming  to  a  ftKnis  npon  a  [Kdnt  in  the 
retina,  will  cross,  and  from  tlicir  diffusion  or  disj>ersion,  will  produce  indis- 
tinct vigion.  Under  these  conditions  a  distinct  point  is  not  perceived^  bui 
every  point  in  the  image  is  stirrounded  by  an  indistinct  circle.  These  ar 
called  *' circles  of  diffusion."  If,  now,  the  eye,  adjusled  for  vision  at  an  infi* 
nitc  distance,  be  brought  to  bear  upon  a  near  ohjtx't,  the  rays  from  whieh  are 
divergent  as  they  strike  the  cornea,  the  image  will  foe  no  longer  distinct,  but 
will  be  obscured  by  circles  of  diffusion,  It  is  the  adjustment  by  which  these 
circles  of  dilTusicm  are  removetl,  that  constitutes  accommodation.  This  fact 
hafi  been  demonstrated  by  Helmholtz  by  me4i!is  of  the  ophthalmoscope,  '*  If 
the  eye  be  adjusted  to  the  obsen^ation  of  an  object  placed  at  a  certain  dis- 
tance, it  is  found  that  the  image  of  a  flume,  phu'cd  at  the  same  distance,  is 
proiiuced  w^ith  perfect  distinctness  upon  the  retina,  and,  at  the  same  time, 
upon  the  illuminated  plane  of  the  image,  the  vessels  and  the  other  anatomi- 
vmI  details  of  tlte  retina  are  seen  with  equal  distinctness.  But,  when  the 
flame  is  brought  considerably  nearer,  its  image  becomes  confused,  while  the 
details  of  the  structure  of  the  retina  remain  |>erfeetly  distinct." 

It  is  evident  that  there  is  a  certiiin  condilion  of  the  eyes  adapted  to  vision 
at  an  infinite  distance,  and  that  for  the  distinct  perception  of  near  objects, 
the  transparent  media  must  be  so  altered  in  their  arrangement  or  in  the  cur- . 
vatures  of  their  surfaces,  that  the  refraction  will  be  greater ;  for  without  this 
the  rays  would  bt?  lirouglit  to  a  fcM?us  beyond  the  retina. 

The  changes  in  the  eye  by  whicli  ai-com  modal  ion  is  effected  arc  now 
known  to  eonsist  mainly  in  an  increased  convexity  of  tlie  lens  for  near  ob- 
jects ;  an<l  the  only  prints  in  dispute  are  a  few  unimportant  details  in  the 
meehajiism  of  this  acti*»n.  The  simple  faets  to  be  borne  in  mind  in  study- 
ing  this  question  are  tlie  following : 

When  the  eye  is  accommodated  to  vision  at  an  infinite  distance,  tlie 
are  paKsive* 

In  the  adjustment  of  the  eye  for  near  objects,  the  convexities  of  the  leu 
are  increiised  by  muscular  action* 

In  acconmiodation  for  near  objects,  the  pupil  is  contracted;  bat  thij* 
action  is  merely  accessory  and  is  not  essential. 
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The  ordinary  range  of  accommodatian  varies  between  a  distance  of  about 
five  inches  (12'7  centimetres)  and  infinity. 

ChaH(/eA  in  tite  Crystalline  Lena  in  Accotmnodation, — It  is  important  to 
determine  the  extent  and  nature  of  the  changes  of  the  lens  in  acconinioda- 
tion  ;  and  these  changes  have  been  accurately  metisured  in  the  living  subject. 
As  the  generjil  results  of  these  measurements  (lleimlioltz),  it  was  ascertained 
that  the  lens  becomes  increased  in  thickness  in  acconimudation  for  near 
objects,  chiefly  by  an  iucre^tse  in  its  anterior  curvature,  by  which  this  surfm^e 
of  the  lens  is  made  to  project  toward  the  corneal.  As  the  iris  is  in  contact 
with  the  anterior  surface  of  the  lens,  this  mendiranc  is  made  to  project  in 
the  act  of  accommodation.  The  posterior  curvature  of  the  lens  is  aiso  in- 
creased, but  this  is  slight  as  compared  with  the  increase  of  the  curvature  of 
its  anterior  surface.  The  distance  between  the  posterior  surface  of  the  lens 
and  the  cornea  is  not  sensibly  altered.  It  is  unnecessary  lo  describe  minutely 
the  methods  employed  in  making  these  calculations,  and  it  is  gufticient  to 
state  that  it  is  done  by  accurately  measuring  the  comparative  size  of  images 
formed  by  reHection  from  the  anterior  surface  of  the  lens.  The  resiUta 
obtained  by  Helmholtz,  in  ohservations  upon  two  persons,  are  as  follows : 


Pmaofu  ezftmlEied. 

die  Itfiui, 

DlupJacement  of  thp  pupil  in  iic- 
caiamiKlftiiiJii  for  mat  object*. 

Distant  vii^mn. 

Kear  vlrioo. 

0.  H. 
B.  P. 

0-4641  in.  (Hi*  mm.) 
0-3432  in.  (8'8  mm.) 

0':i:ir>4  in.  (8  6  mm.) 
0-2701  in.  (5-5*  mm-) 

0-0140  in.  (0-30  mm.) 
Q-mn  in,  (0-44  mnn) 

The  mechanism  of  the  changes  in  the  thickness  and  in  tlie  curvatures  of 
the  lens  in  accommodation  can  be  understotxl  only  by  keeping  clearly  in 
mind  the  physical  properties  of  the  lens  it^lf  and  its  anatomical  relations. 
In  .sf/w,  in  what  has  !*een  callefl  the  indolent  state  of  the  eye,  tlie  lens  is  ad- 
justed to  vision  at  an  intinite  distance  and  is  flattened  hy  the  tension  of  its 
guspensory  ligament.  After  death,  indeed,  it  is  easy  to  produce  changes  in 
its  form  by  applying  traction  to  the  zone  of  Zinn.  Remembering  the  exac^t 
relations  of  the  suspensory  ligament,  the  ciliary  muscle  and  the  lens,  and 
keeping  in  mind  the  tension  within  the  globe,  it  is  evident  that  when  the 
ciliary  muaele  is  in  repose,  the  capsule  will  compress  the  lens,  increasing  its 
diameter  and  diminishing  its  convexity.  It  is  in  this  condition  that  the  eye 
is  adapted  to  vision  at  an  infinite  distance.  It  is  evident,  also,  that  very 
slight  changes  in  the  convexity  of  the  lens  will  be  softicient  for  the  range  of 
accommodation  requirerl.  If  any  near  object  be  flxeil  with  the  eye  there  is 
a  conscious  etfort,  and  the  prolonged  vision  of  near  objects  produces  a  sense 
of  fatigue.  This  may  he  illustniteil  by  the  very  familiar  ex|>eriment  of  look- 
ing at  a  distant  object  through  a  gauze.  When  t!ie  object  is  seen  distinctly, 
the  gauze  is  scarcely  perceived  ;  but  by  an  elTort  the  eye  can  be  hrouglit  to 
see  the  meshes  of  the  gauze  distinctly,  when  the  impression  of  tht;  distant 
object  is  either  lost  or  becomes  very  indistinct* 
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The  ciliary  snUBOle  arises  from  the  circular  line  of  junction  of  the  cornea 
and  sclerotic,  passes  bac^kwurd,  4md  its  lost  in  the  tissue  of  t!ie  choroid,  ex- 
tend iug  as  far  as  the  anterior  boriler  of  the  retina*  Mo^t  of  the  fibres  pa*« 
directly  backward,  but  some  become  circular  or  8[iiraL  When  this  muscle 
contracts,  ttie  choroid  is  drawn  forwanl,  with  probably  a  slightly  spirdl. 
motion  of  the  lens,  the  contents  of  the  globe,  situated  behind  the  lens,  are 
compressed,  and  the  suspensory  ligament  is  relaxed.  The  lens  itself,  the 
compressing  and  llattening  action  of  the  suspensory  ligament  being  dimin- 
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Fio.  ffSC. — Section  of  the  ten$  etc*,  ^wwing  the  mechaniam  vf  acemmmmiafwm  (FldtV 
The  l«ft  aide  of  the  fi*rure  (J?' b  shown  the  lens  adaptefl  lo  visloQ  a!  InfJEiite  dlstaneefi,    The  rJirht  afOe  of 
the  flpiirt"  <A'ifibow!»  ihe  Imjs  mliij)tetl  Uv  the  viisiou  uf  dear  obiectA.  the  ciliorj^  muscle  belm^  coo- 
tracLetl  licwJ  the  susjH-nsory  Jiicameiit  of  the  lens  consequently  reuuced. 

ished,  becomes  tbicker  and  more  convex,  by  virtue  of  its  own  elasticity,  in 
Uie  same  way  tliat  it  becomes  thicker  after  death,  when  the  tension  of  the 
ligament  is  artillcially  diminishe<L 

This  is  in  brief  the  mechanism  of  accommodation.  Near  objects  ai^ 
seen  distinctly  hy  a  voluntary  contract  ion  of  the  ciliary  muscle,  the  acticm  of 
which  is  perfectly  adapted  to  the  requirements  of  vision.  In  early  life  the 
lens  is  soft  and  elastic,  and  the  accommodating  power  is  at  its  maximnm ; 
but  in  old  age  the  leris  becomes  flattened,  harder  and  less  elastic,  and  the 
|>ower  of  accommodation  necesstirily  is  diminisbed. 

Chamfer  in  the  Iris  in  Accotnmodaiion, — The  size  of  the  pupil  ig  sensibly 
diminished  in  accommodaiifm  of  the  eye  for  near  objects.  Although  the 
movements  of  the  iris  are  directly  associated  with  the  muscular  effort  by 
which  the  form  of  the  lens  is  modified,  the  contraction  of  the  pupil  is  not 
one  of  the  essential  conditions  of  accommodation.  Ilelmholtz  reported  a 
ease  in  wliicfi  the  iris  was  completely  j>aralyzed,  tiie  power  of  acoommiKla- 
tion  renuiining  perfect;  and  he  des<^rihed  another  case,  reported  by  Yon 
Grat^fe,  iti  wlncb  accommodation  was  not  disturbed  after  loss  of  the  entire 
iris. 

It  has  already  been  noted  that  the  pujiil  contracts  when  the  eyes  are  made 
to  converge  by  the  action  of  the  muscles  animatctl  by  the  third  pair  of  nerves; 
and  it  is  evident  that  convergence  of  the  eyes  occurs  in  Uioking  at  very  near  ob- 
jects. It  has  been  sliown  by  Donders,  that  increased  convergence  of  the  vis- 
ual lines  witiiont  cluinge  of  accommcKlation  makes  the  pupil  contract,  as  is 
easily  proved  by  simple  experiments  Vith  prismatic  glasses,  and  that  when 
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accommodation  is  effected  without  converging  the  visnal  axes, "  each  stronger 
tension  is  combined  with  contraction  of  the  pupil."  Contraction  of  the 
pupil,  therefore,  occurs  both  in  convergence  of  the  visual  axes  without  ac- 
commodation and  in  accommodation  for  near  objects  without  convergence  of 
the  eyes. 

The  action  of  the  iris,  as  is  evident  from  the  facts  just  stated,  is  to  a  cer- 
tain extent  under  the  control  of  the  will ;  but  it  can  not  be  disassodated, 
first,  from  the  voluntary  action  of  the  muscles  which  converge  the  visual 
axes,  and  second,  from  the  action  of  the  ciliary  muscle.  Donders,  by  alter- 
nating the  accommodation  for  a  remote  and  a  near  object,  was  able  to  volun- 
tarily contract  and  dilate  the  pupil  more  than  thirty  times  in  a  minuta 
Brown-S6quard,  in  discussing  the  voluntary  movements  of  the  iris,  has  men- 
tioned a  case  in  which  '^  the  pupil  could  be  contracted  or  dilated  without 
changing  tlie  position  of  the  eye  or  making  an  effort  of  adaptation  for  a  long 
or  a  short  distance."  As  a  farther  evidence  of  the  connection  of  accommoda- 
tion with  muscular  action,  cases  are  cited  in  works  on  ophthalmology,  in 
which  there  is  paralysis  of  the  ciliary  muscle,  as  well  as  cases  in  which  the 
act  of  accommodation  is  painful. 

A  curious  phenomenon  connected  with  accommodation  may  be  observed 
in  looking  at  a  near  object  through  a  very  small  orifice,  like  a  pinhole.  The 
shortest  distance  at  which  one  can  see  a  small  object  distinctly  is  about  five 
inches  (12*7  centimetres) ;  but  in  looking  at  the  same  object  through  a  pin- 
hole in  a  card,  it  can  be  seen  distinctly  at  the  distance  of  about  one  inch 
(25*4  mm.),  and  it  then  appears  considerably  magnified.  In  this  experiment, 
the  card  serves  as  a  diapliragm  with  a  very  small  opening,  so  that  the  centre 
of  tlie  lens  only  is  used ;  and  the  apparent  increase  in  the  size  of  the  object 
probably  is  due  to  the  fact  that  its  distance  from  the  eye  is  many  times  less 
than  tlie  distance  at  which  distinct  vision  is  possible  under  ordinary  condi- 
tions. It  is  well  known  that  myopic  persons,  by  being  able  to  bring  the  eye 
nearer  to  objects  than  is  possible  in  ordinary  vision,  can  see  minute  details 
with  peculiar  distinctness. 

Erect  Impressions  produced  hi/  Images  inverted  vpon  the  Retina, — The 
images  which  make  visual  impressions  are  necessarily  inverted  upon  the 
retina ;  but  the  cerebral  visual  centre  takes  no  cognizance  of  this,  and  objects 
are  seen  in  their  actual  position.  It  seems  almost  absurd  to  enter  into  a  seri- 
ous discussion  of  this  fact.  In  the  words  of  Ilelmholtz,  "  our  natural  con- 
sciousness is  completely  ignorant  even  of  the  existence  of  the  retina  and  of 
the  formation  of  images :  how  should  it  know  any  thing  of  the  position  of 
images  formed  upon  it?" 

Field  of  Indirect  Vision, — If  the  eye  be  kept  fixed  upon  a  certain  point, 
and  an  object  be  moved  from  this  point  as  a  centre  in  lines  radiating  in  dif- 
ferent directions  until  it  passes  from  the  field  of  view,  the  limits  of  indirect 
vision  are  indicated.  Eight  or  ten  such  points  of  limit,  connected  by  a 
curved  line,  give  a  map  of  the  visual  field.  This  may  be  done  roughly  upon  a 
fiat  surface,  such  as  a  blackboard,  placed  at  a  distance  of  twelve  to  eighteen 
inches  (3  to  4*5  centimetres)  from  the  eye,  or  a  chart  may  be  made  with  an 


712 


SPECIM.  SENSES. 


instrnment  called  the  perimeter,  by  which  the  field  is  marked  on  the! 

surface  of  a  hemisphere.    The  field  of  vision  thus  delineated  is  an 

oval,  extending  frum  tbe 
^^xed    poiiiU   fjirtlu^r  to 
ihe  temponil  ^hlv  tkin 
to  either  the  oanliidf 
or  above  and  belov.  The 
extent    from    the  fixed 
point  h  about  90^ 
the   tetn[Kira]  idde,  injl 
about  70''  to  the  nsa4] 
side  and  above  and 
low.     The  field  for  whitu 
is  larger  than  for  colon 
especially  on   \U  mei] 
side,  as  is  seen  in  Fie 
257.     The  field  b  sraa 
est    for    green,  a  litiN 
larger    for   red,  and 
larger  still  for  blae.  Ifl 
vestigatiun  of  the 
of   indirect  vision  will 
the    perimeter   is 
useftd    in  ophthalmald 
gy\  but  the  chief  phj! 

ological  interest,  as  regards  the  sensibility  of  the  retina,  is  connected  vith 

direct  vision,  m 

Binocular  Vision.  ' 

Thus  far  the  mechanism  of  the  eye  and  its  action  as  an  optical  inetni- 
ment,  in  monocular  vision  only,  have  been  described ;  but  it  is  evidrtit  ibd 
both  eyes  are  habitually  used,  and  that  their  axes  arc  practically 
looking  at  distant  objects  and  are  converged  when  objects  are  approach 
the  nearest  point  at  which  there  is  distinct  vision*     In  fact  an  imagf  : 
formed  simultaneously  upon  the  retina  of  each  eye,  but  it  is  neviirtbel« 
appreciated  as  a  unit     If  the  axis  of  one  eye  be  slightly  deviated  by  pr 
upon  the  globe,  so  that  the  images  are  not  formed  upon  corresponding  poiB 
in  the  retina  of  each  eye,  vision  is  more  or  le^  indistinct  and  is  dtiuble. 
strabismus,  when  this  condition  is  recent,  temporary  or  jJcriodiciU,  as  in  i 
cases  of  paralygis  of  the  external  rectus  muscle,  when  both  eyes  are  nor 
there  is  double  vision.     When  the  strabismus  is  permanent  and  has  exi 
for  a  long  time,  double  vision  may  n<3t  be  observed,  unless  the  subject  direei 
the  attention  strongly  to  this  point     As  but  one  eye  is  capable  of  fii 
objects  accurately,  images  are  formed  upon  the  fovea  of  this  eye  only.    Ii 
formed  upon  the  retina  of  the  other  eye  are  indistinct,  and  in  many  in 
are  habitually  disregarded  i  so  that  practically  the  subject  uses  bui  ane  ( 
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PlO.  ^1, —Field  of  vision  of  the  right  e^r^  at  projecttd  by  the  pa* 
tient  on.  ttm  inner  turf  ace  of  a  kemi*phert,  the  pole  of  whtch 

fomtM  Uie  obiecC     ' ^     «  -.  ..     --  --  .«-^^.   ^  _ 

BileT  Landott). 

T,  temporal  side  :  N.  lUMal  side  ;  w,  boundary  for  white  :  b,  bound- 
ary for  blue  ;  r,  boundary  for  red  ;  o,  boundary  for  greeo, 
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and  presents  the  errors  of  appreciation  which  attend  monocular  vision,  such 
as  a  want  of  exact  estimation  of  the  solidity  and  distance  of  objects.  It  is 
stated  as  the  rule  that  when  strabismus  of  long  standing  is  remedied,  as  far 
as  the  axes  of  the  eyes  are  concerned,  by  an  operation,  binocular  vision  is  not 
restored.  This  is  explained  upon  the  supposition  that  the  perceptive  power 
of  the  retina  of  the  affected  eye  has  been  gradually  and  irrecoverably  lost 
from  disuse.  In  normal  binocular  vision  the  images  are  formed  upon  the 
fovea  centralis  of  each  eye ;  that  is,  upon  corresponding  points,  which  are, 
for  each  eye,  the  centres  of  distinct  vision.  The  concurrence  of  both  eyes  is 
necessary  to  the  exact  appreciation  of  distance  and  form ;  and  when  the  two 
images  are  formed  upon  corresponding  points,  the  visual  centre  receives  a 
correct  impression  of  a  single  object.  When  vision  is  perfect,  the  sensation 
of  the  situation  of  any  single  object  is  referred  to  one  and  the  same  point ; 
and  the  impression  of  a  double  image  can  not  be  received  unless  the  condi- 
tions of  vision  be  abnormal. 

Corresponding  Paints, — While  it  is  evident,  after  the  statements  just 
made,  that  an  image  must  be  formed  upon  the  fovea  of  each  eye  in  order  to 
produce  the  effect  of  a  single  object,  it  becomes  important  to  ascei'tain  how 
&r  it  is  necessary  that  the  correspondence  of  points  be  carried  out  in  the 
retina.  It  is  almost  certain  that  for  absolutely  perfect,  single  vision  with  the 
two  eyes,  the  impressions  must  be  made  upon  exactly  corresponding  points, 
even  to  the  ultimate,  sensitive  elements  of  the  retina.  It  may  be  assumed, 
indeed,  that  each  rod  and  each  cone  of  one  eye  has  its  corresponding  rod  and 
cone  in  the  other,  situated  at  exactly  the  same  distance  and  in  correspond- 
ing directions  from  the  visual  axis.  When  the  two  images  of  an  object  are 
formed  upon  these  corresponding  points,  they  appear  as  one ;  but  when  the 
images  do  not  correspond,  the  impression  is  as  though  the  images  were 
formed  upon  different  points  in  one  retina,  and  of  necessity  they  appear 
double. 

The  effect  of  a  slight  deviation  from  the  corresponding  points  may  be 
illustrated  by  the  following  experiment :  If  a  small  object,  like  a  lead-pencil, 
held  at  a  distance  of  a  few  inches,  be  fixed  with  the  eyes,  it  is  seen  distinctly 
as  a  single  object.  Holding  another  small  object  in  the  same  line,  a  few 
inches  farther  removed,  when  the  first  is  seen  distinctly,  the  second  appears 
double.  If  the  second  object  be  fixed  with  the  eyes,  the  first  appears  double. 
It  is  evident  here,  that  when  the  axes  of  the  eyes  bear  upon  one  of  these  ob- 
jects, the  images  of  the  other  must  be  formed  at  a  certain  distance  from  the 
corresponding  retinal  points. 

The  Horopter. — The  above-mentioned  experiment  affords  an  explanation 
of  the  horopter.  If  both  eyes  be  fixed  upon  a  point  directly  in  front  and  be 
kept  in  this  position,  an  object  moved  to  one  side  or  the  other,  within  a  cer- 
tain area,  may  be  seen  without  any  change  in  the  direction  of  the  axis  of  vis- 
ion ;  but  the  distance  from  the  eye  at  which  there  is  single  vision  of  this 
object  is  fixed,  and  at  any  other  distance  the  object  appears  double.  The 
explanation  of  this  is  that  at  a  certain  distance  from  the  eye,  the  images  are 
formed  upon  corresponding  points  in  the  retina ;  but  at  a  shorter  or  longer 
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distance,  thig  can  not  ocour.  This  illustrates  the  fact  that  there  are  corre- 
sipondiiig  points  in  a  hirge  part  of  the  sensitive  luver  of  the  retina,  a^  weil  m 
in  the  fovea  eentruHs-  By  these  exj>erinients,  the  following  facts  have  heen 
ascertained  :  With  hotti  eyea  fixed  npun  an  objeet,  anotlier  objeet  moved  to 
one  side  or  the  other  can  be  distinctly  seen  only  when  it  is  carried  in  a  cer- 
tain curved  line.  On  either  side  of  this  line,  the  object  appears  doubh^. 
This  line,  or  area— for  the  line  may  have  any  direction — is  called  the  horop* 
ter.  It  was  snpjiuHcd  at  one  time  to  be  a  i-egular  cnrve,  or  a  portion  of  a  circle 
drawn  through  the  fixed  point  and  the  points  of  intersection  of  the  rays  of 
light  in  ea^'h  eye.  Although  it  has  been  ascertained  that  tlie  line  varies 
somewhat  from  a  regular  curve,  and  also  varies  in  ditferent  nu^riLJian^,  this  is 
due  to  diiTereuces  in  refraction,  etc.,  and  the  principle  is  not  altered- 

If  the  visual  areas  of  the  two  retime  Ix^  superimposed,  the  flxation-pointa 
coinciding,  it  becunies  evident  that  a  portion  only  of  the  two  fields  ran  have 

corresponrling   fK»ints.     This 
is  the  light  portion  shown  in 
X'  /  "^X,  ^\         ^i§P*  ''^^^^  which  may  be  called 

the  binocular  field  of  vision. 
Binocular  vision  must  be  im- 
possible in  the  tempoiml  jx»r- 
tion  of  each  visual  area  (Net- 
tlcship). 

It  is  undoubtedly  true  that 
education  and  habit  have  a 
great  deal  to  do  with  the  eor- 

Fra.  as©.— Biii^cu^ar  rfW^/fj/ i*i*io»»  <NVttleHhip,  after  FCrster.l    r«^fi(iti    nf    viciinl   in^nrv^jsamni 

F,  flxatioa-poiiit ;  B.  B,  blind  spou,  reciiou  oi  ^isuai  imprcssionj 

and  the  just  appreciation  of 
the  size,  form  and  distance  of  objects.  In  the  reniarkable  case  of  Casjier 
Ilausc^r^  who  is  saitl  to  have  been  kept  in  total  darkness  and  seclusion,  frcnn 
the  age  of  five  months  until  he  was  nearly  seventeen  yejirs  old,  the  appreciation 
of  size,  form  and  distance  were  acfpdred  l>y  correcting  aiul  sup{ilementing  the 
sense  of  sight,  by  experience.  This  boy  at  tirst  had  no  idea  at  the  form  of 
objects  or  of  distance,  until  he  had  learned  l>y  touch,  by  walki ug  etc.^  that 
certain  objects  were  round  and  others  were  scpiare,  and  had  actually  tm versed 
tlie  distance  from  one  object  to  another.  At  first  all  objects  appeared  as  if 
painted  upon  a  screen.  Sucli  points  wa  these  it  woulil  be  impossible  to  accu^ 
mtely  observe  in  infants;  but  young  children  often  grasp  at  remote  object 
appari^utly  under  the  impression  that  they  were  within  reach.  It  must  be' 
admitted,  however,  that  the  account  of  the  case  of  Casper  Hausc*r  is  rather 
indefinite ;  but  it  is  certain  that  even  in  the  adult,  education  and  habit 
greatly  improve  the  faculty  of  estimating  distances. 

Careful  observations  leave  no  doubt  of  the  fact  that  monocular  vision  is 
incomplete  and  inaceurat-e,  and  that  it  is  only  when  two  images  are  formed, 
one  upon  either  retina,  that  vision  is  absolutely  perfect.  The  sum  of  actual 
knowledge  uj>on  this  important  point  is  expressed  in  the  following  quotation 
from  Giraud-Teulon : 
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**  Monocular  vision  only  indicates  to  us  immediately,  visual  direction,  and 
not  preci&e  locality.  At  whatever  distance  a  hmiiiious  point  nuiy  be  sitmited 
in  the  line  of  direction,  it  forms  lis  image  upon  the  Siinie  point  in  the  retimi. 

"  In  the  physioh^gical  action  of  a  single  eye,  in  order  to  arrive  at  an  idea 
of  the  distance  of  a  point  in  a  definite  direction,  we  have  only  the  following 
elements  : 

*'  1.  The  consciousness  of  an  effort  of  accommodation, 

"  2,  Our  own  movement  in  its  relations  to  the  point  observed. 

"3.  Facts  brought  to  bear  from  reeyllection,  education,  our  acquired 
knowledge  with  regard  to  the  form  and  size  of  objects :  in  a  word,  experi- 
ence. 

"  4*  The  geometric  perspective  of  form  and  position. 

"5.  Aerial  iverspective. 

"  All  these  are  elements  wanting  in  precision  and  leaving  the  problem 
without  a  decisive  solution. 

"  And,  indeed: 

"  We  place  before  one  of  our  eyes,  the  other  being  closed,  the  excavated 
mould  of  a  medallion :  we  do  not  hesitate,  after  a  few  seconds,  to  mistake  it 
for  the  relief  of  the  medallion.  This  illusion  ceases  at  the  instant  that  both 
eyes  are  opened. 

"Or  again  : 

**  A  miniature,  a  photograph,  a  picture,  produces  for  a  single  eye  a  perfect 
illusion;  but  if  both  eyes  be  open,  the  picture  l>ccomcs  Hat,  the  prominences 
and  the  depressions  are  effaced. 

"We  may  repeat  the  following  experiment  described  by  Malebranche  : 
'Suspend  by  a  thread  a  ring,  the  opening  of  which  is  not  directed  toward 
us;  step  back  two  or  three  paces;  take  in  the  hand  a  stick  curved  at  the 
end ;  then,  closing  one  eye  with  the  hand,  endeavor  to  insert  the  curved  end 
of  the  stick  within  the  ring,  and  we  shall  be  surprised  at  l>eiug  unable  to  do 
in  a  hundred  trials  what  we  should  believe  to  be  very  easy.  If,  iiuleed,  we 
abandon  the  stick  and  endeavor  to  pass  one  of  the  fingers  through  tlie  ring, 
we  shall  experience  a  certain  degree  of  difficulty,  although  it  is  very  near. 
This  difficulty  ceases  at  the  inst4int  that  both  eyes  are  opened.' 

•'  As  regards  precision,  exactitude  of  information  concerning  the  relative 
distance  of  objects,  that  is  to  say,  the  idea  of  the  thinl  dimension,  or  of  depths 
there  is  then  a  notable  difference  between  binocular  vision  and  that  which  is 
obtained  by  means  of  one  eye  alone." 

It  is  evident  that  an  accurate  idea  of  the  distance  of  near  objects  can 
not  be  obtained  except  by  the  use  of  both  eyes,  an<l  this  fact  will  partly  ex- 
plain the  errors  of  monocular  vision  in  looking  with  one  eye  upon  objects  in 
relief;  for  under  these  conditions,  it  is  impossible  to  determine  with  accu- 
racy whether  the  points  in  relief  be  nearer  or  farther  from  the  eye  than  the 
plane  surface.  This  will  not  fully  explain,  however,  the  idea  of  solidity  of 
objects,  which  is  obtained  by  the  use  of  both  eyes ;  for  the  estimation  of  dis- 
tance is  obtained  by  bringing  the  axes  of  both  eyes  to  bear  upon  a  single 
object,  be  it  near  or  remote.     The  fact  is — as  was  distinctly  stated  by  Ualen, 
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in  the  second  century — ^tlist  in  looking  at  any  solid  object  nol  90  ht  n* 
moYed  m  to  render  the  visual  axes  practically  parallel,  a  portion  of  tlie  fur- 
face,  seen  with  tlie  right  eye,  is  not  »een  with  the  left  eye^  and  tire  iwM. 
The  two  impreasions^  therefore,  are  not  identical  for  each  retina ;  %he  istrnp 
upon  the  left  retina  including  a  fK)rtion  of  the  left  side  of  the  object,  ti 
seen  by  the  right  eye,  the  right  image  in  the  same  way  ineluiiing  a  jwrti 
of  the  right  surface,  not  eeen  by  the  left  eye.  These  slightly  di^miUrl 
impressions  are  fused  and  produce  the  impression  of  a  single  image^  whfn 
vision  is  perfectly  normal ;  and  this  gives  the  id^  of  relief  or  solidity,  and 
an  exact  appreciation  of  the  form  of  objects,  when  they  are  not  too  remote 

The  fact  just  stated  is  of  course  a  mathematical  necessity  in  biDocn] 
vision  for  near  objects ;  but  the  actual  demonstration  of  the  fusion  of  t 
dissimilar  images  and  the  consequent  formation  of  a  single  image  giving  the 
impression  of  solidity  was  made  by  the  invention  of  the  stereoscope,  h 
Wheatstone.  The  principle  of  this  instrument  is  very  simple.  Two  pictam 
are  made,  representing  a  solid  object,  one  viewed  slightly  from  the  ri^bt 
side,  and  the  other,  slightly  from  the  left,  so  as  to  imitate  the  differences  in 
the  images  formed  upon  the  two  retinse.  These  pictures  are  so  placed  in  i 
box  that  the  image  of  one  is  formed  upon  the  right  retina,  and  the  olhpr, 
upon  the  left.  When  these  conditions  are  accurately  fulfilled,  but  a  single 
image  is  seen,  and  this  conveys  iv  the  mind  the  perfect  illusion  of  a  kM 
object  Experiments  with  the  stereoscope  are  so  familiar  that  they  need 
hardly  be  dwelt  ui>on.  Experience,  the  aid  of  the  sense  of  touch  etc.,  enaUe 
persons  with  but  one  eye  to  get  a  notion  of  form,  but  the  impre^oas  aiv 
never  entirely  accurate  in  this  regard,  although,  from  habit,  this  defect  «»ce»- 
dons  little  or  no  inconvenience. 

Although  an  opposite  opinion  is  held  by  some  experimenters,  Helmlxili 
with  many  others,  has  stated  that  when  one  color  is  seen  with  one  eye  a 
another  color,  with  the  other  eye,  in  the  stereoscope,  the  impression  is  not  H 
single  color  resulting  from  the  combination  of  the  two.  It  is  true  that  th« 
is  an  imperfect  mingling  of  the  two  colors,  but  this  is  very  different  from 
resulting  color  produced  by  the  actual  fusion  of  the  two.  There  is,  in  oil 
words,  a  sort  of  confusion  of  colors,  without  the  complete  combinaddn  o\h 
served  in  ordinary  exi>eriments.  One  a*iflitional  |K)int  of  importance,  how- 
ever, is  that  the  binocular  fusion  of  two  pictures^  unequally  illuminated  or  oT 
different  colors,  prwluces  a  single  image  of  a  peculiar  lustre,  even  when  botli 
surfaces  are  dull.  This  may  be  shoim  by  making  a  stereoscopic  combinatioo 
of  images  of  crystals,  one  with  black  lines  on  a  white  ground,  and  the  othtr 
^ith  white  lines  on  a  black  ground.  The  resulting  image  has  then  the  ap- 
jMjarance  of  dark,  brilliant  crystiils,  like  graphite. 

Duraiian    af  Luminous    Impressions    {After-Imagesy — Tlie  time  r^ 
quired  for  a  single  visual  stimulation  of  the  retina  is  exceedingly  she 
letters  on  a  printed  page  are  distinctly  seen  when  illuminated  by  an 
spark,  the  duration  of  which  is  not  more  than  forty  billiouths  of  a 
(Rood)*     An  impression  made  upon  the  retina,  however,  endures  for  a  I 
of  time  that  bears  a  certain  relation  to  the  intensitv  of  the  Ituninotis  esdtlp 
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tion.  If  the  eyes  be  closed  after  looking  steadily  at  a  very  bright  object,  the 
object  is  more  or  less  distinctly  seen  after  the  rays  have  ceased  to  pass  to  the 
3ye,  and  the  image  fades  away  gradually.  When  there  is  a  rapid  succession 
jf  images,  they  may  be  fused  into  one,  as  the  spokes  of  a  rapidly  revolving 
i^heel  are  indistinct  and  produce  a  single  impression.  This  is  due  to  the 
[>ersistence  of  the  successive  retinal  impressions ;  for  if  a  revolving  wheel  or 
3ven  a  falling  body  be  illuminated  for  the  brief  duration  of  an  electric  spark, 
it  appears  absolutely  stationary,  as  tlie  period  of  time  necessary  for  perfectly 
distinct  vision  and  the  duration  of  the  illumination  are  so  short,  that  there  is 
no  time  for  any  appreciable  movement  of  the  object.  The  familiar  experi- 
ments made  with  revolving  disks  illustrate  these  points.  In  a  disk  marketl 
with  alternate,  radiating  lines  of  black  and  white,  the  rays  become  entirely 
Indistinguishable  during  rapid  revolution,  and  the  disk  appears  of  a  uniform 
color,  such  as  would  be  produced  by  a  combination  of  the  black  and  whiti\ 
The  effects  of  an  artificial  combination  of  colors  may  be  produced  in  this  way, 
the  resultant  color  appearing  precisely  as  if  the  indi\idual  colors  had  been 
ground  together.  The  duration  of  retinal  impressions  varies  considerably 
for  the  different  colors.  According  to  Emsmann,  the  duration  for  yellow  is 
0-25  of  a  second ;  for  white,  0-25  of  a  second ;  for  red,  0*22  of  a  second  ;  and 
for  blue,  0*21  of  a  second. 

The  impressions  which  remain  on  the  retina  after  an  object  has  been 
looked  at  steadily  are  called  after-images.  When  these  are  briglit  and  of  the 
same  character  as  the  object,  they  are  called  positive  after-images.  When 
the  stimulation  of  the  retina  has  been  very  powerful  and  prolonged,  the 
after-image  frequently  is  dark.   Such  images  are  called  negative  after-images. 

It  is  unnecessary  to  describe  farther  in  detail  tlie  well  known  phenomena 
which  illustrate  the  point  under  consideration.  The  circle  of  light  produced 
by  rapidly  revolving  a  burning  coal,  the  track  of  a  meteor,  and  other  illustra- 
tions, are  sufficiently  familiar,  as  well  as  many  scientific  toys  producing  opti- 
cal illusions  of  various  kinds. 

Irradiation, — It  hjis  been  observed  that  luminous  impressions  are  not 
always  confined  to  the  elements  of  the  retina  directly  involved,  but  are  some- 
times propagated  to  those  immediately  adjacent.  This  gives  to  objects  a 
certain  degree  of  amplification,  which  is  generally  in  proportion  to  their 
brightness.  An  illustration  of  this  is  afforded  by  the  simple  experiment  of 
looking  at  two  circles,  one  black  on  a  white  ground,  and  the  other  white  on 
a  black  ground.  Although  the  actual  dimensions  of  the  two  circles  are  iden- 
tical, the  irradiation  of  rays  from  the  white  circle  makes  this  appear  the 
larger.  In  a  circle  with  one  half  black  and  the  other  white,  the  white  por- 
tion will  appear  larger,  for  the  same  reason.  These  phenomena  are  due  to 
what  has  been  called  irradiation;  and  their  explanation  is  very  simple.  It  is 
probable  that  luminous  impressions  are  never  confined  absolutely  to  those 
parts  of  the  retina  upon  whi(!h  the  rays  of  light  directly  impinge,  but  that 
the  sensitive  elements  immediately  contiguous  are  always  more  or  less  in- 
volved. In  looking  at  powerfully  illuminated  objects,  the  irradiation  is  con- 
siderable, as  compared  with  objects  which  send  fewer  luminous  rays  to  the  eye. 
47 


SPECIAL  SENSES, 

In  experiments  analogous  to  those  just  descnbetl,  rnade  with  itron^r 
colored  objects,  it  ha&  been  obsen'ccl  that  the  border  of  irnMiialioti  takm  i 
eolor  complementary  to  that  of  the  object  itself.  ThiK  h  partieularlr  itfil 
marked  when  the  objects  are  steadily  IcMjkeil  at  for  some  time.  lUustratioiiK 
of  this  point  also  are  very  simple.  In  looking  steadily  at  a  red  spot  or  f^-r-jn 
on  a  white  ground,  a  faint  areola  of  a  pale-green  soon  appears  sun-'* 
the  red  object;  or  if  the  image  bu  yellow,  the  areola  will  appear  palt^Ujic 
The^^  api^earances  liave  been  called  accidental  areolae. 

Movements  of  the  Eyeball. 

The  eyeball  nearly  fills  the  cavity  of  the  orbit,  resting,  by  ite  poftteriurf 
tion,  upon  a  bed  of  adipof^e  tissue,  which  is  never  absent,  uven  in  i^strcinv 

emaciation.  Outside  of  the  sclerotic,  is  a  fibrous  membrane,  tlie  tanica  tk- 
inalis  oculi,  or  capsuJe  of  Tenon,  which  is  useful  in  maintaining  the  eqiiilil>- 
rium  of  the  globe.  This  fibrous  membrane  surrounds  the  [posterior  tii>- 
t birds  of  the  globe  and  is  loosely  attached  to  the  sclerotic*  It  i^  perfoniW 
by  the  optic  nerve  posteriorly,  and  by  the  tendons  of  the  recti  and  ohlii|i» 
muscle.^  of  the  eyeball  in  front,  being  reflected  over  these  muBcIea.  It  a 
also  continuous  with  the  palpebral  ligaments  anil  is  attached  by  twti  iBudm- 
ous  bands,  to  the  border  of  the  orbit,  at  the  internal  and  the  external  angle* 
of  the  lids. 

The  muscles  which  move  the  globe  are  six  in  numlier  for  each  eye.  Tlw 
are  the  external  and  internal  recti,  the  superior  and  inferior  recti  and  \ 
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two  oblique  muscles.    The  four  recti  rouscdes  and  the  superior  oblique  i 
posteriorly  from  the  apex  of  the  orbit    The  recti  pass  directly  forward  ] 
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the  sides  of  the  globe  and  are  inserted  by  sliort,  tendinous  bands  into  the  Bcle- 
ifutic,  at  a  distance  of  one-fourth  to  one-third  of  tin  inch  (6"4  to  8*5  mm*) 
from  the  margin  of  the  eornea.  The  superior  oblique,  or  trocblearis  nmsclo 
pa^es  along  the  upper  and  inner  wall  of  the  orbit,  to  a  point  near  the  inner 
angle.  It  here  presents  a  rounded  tendon,  whit?h  pusses  through  a  ring,  or 
pulley  of  fibro-cartilage ;  and  it  is  from  this  point  that  its  action  is  exerted 
upon  the  globe.  From  the  pulley,  or  trochlea,  the  tendon  becomes  flattened, 
passes  outward  and  baekwanl  beneath  the  superior  rcL-tuB.  and  is  in.^erted 
into  the  sclerotic,  about  midway  between  the  superior  and  the  external  rectus 
and  just  behind  the  equator  of  the  globe.  The  inferior  oblique  muscle  arises 
just  within  the  anterior  margin  of  the  orbit,  near  the  inner  angle  of  the  eye.> 
and  passes  around  the  anterior  portion  of  the  globe,  beneath  the  inferior  rec- 
tus and  between  the  external  rectus  and  the  eyeball,  taking  a  direction  out- 
ward and  slightly  backward.  It.s  tendon  is  inserted  into  the  sclerotic,  a  little 
below  the  insertion  t»f  tlie  superior  oblique.  The  genera!  arrangement  of  these 
muscles  is  shown  in  Fig.  250. 

The  various  movements  of  the  eyeball  are  easily  understood  by  a  study  of 
the  associated  movements  of  the  muscles  just  enumerated,  at  least  as  far  as 
is  necessary  to  the  comprehension  of  the  mechanism  by  which  the  eyes  are 
directed  toward  any  particular  object.  The  centre  of  exact  vision  is  in  the 
fovea ;  and  it  is  evident  that  in  order  to  see  any  object  distinctly,  it  is  neces- 
sary to  bring  it  within  the  axes  of  vision  of  both  eyes.  As  the  globe  is  so 
balanced  in  the  orbit  as  to  be  capable  of  rotation,  within  certain  limits,  in 
every  direction,  it  is  necessary  only  to  note  the  exact  mode  of  action  of  each 
of  the  muscles,  in  order  to  eoniiirehend  how  the  ditferent  movements  are 
accomplished ;  anti  it  is  suthcieot  for  jiractical  purposes  to  admit  that  ap- 
proximately there  is  a  common  axis  of  rotation  for  each  pair  of  muscles. 

Under  ordinary  eonditiuns,  in  the  human  subject,  the  action  of  the  six 
ocular  muscles  is  contiued  to  the  movements  of  rotation  and  torsion  of  the 
globe.  It  is  said  that  in  the  human  subject,  there  is  no  such  thing  as  pro- 
trusion of  the  eye  from  general  relaxation  of  t!iese  muscles,  and  that  it  is 
impoesible,  by  a  condiiued  action  of  the  four  recti  muscles,  to  retmct  the 
globe  in  the  orbit;  but  those  who  have  operated  upon  the  eyes  assert  posi- 
tively that  this  statement  is  erroneous,  and  that  the  globe  is  almost  always 
suddenly  and  powerfully  drawn  within  the  orbit,  when  a  painful  imjiression 
is  made  upon  the  cornea.  This  is  stated  as  a  matter  of  common  observation 
by  ophthalmic  surgeons. 

The  extent  to  which  the  line  of  vision  may  be  turned  by  a  voluntary  effort 
varies  in  ditferent  individtials,  even  when  the  eyes  are  jierfuctly  normal.  In 
myopic  eyes,  the  centre  of  rotation  is  deeper  in  the  orbit  than  normal,  and 
the  extent  of  the  possible  deviation  of  the  visual  line  is  correspondingly  di- 
minisbed^  Helmholtz  stated  that,  in  his  own  person,  with  the  greatest  effort 
that  he  was  capable;  of  making,  he  could  move  the  line  of  vision  in  the  hori- 
zontal i>lane  to  the  extent  of  alxjut  fifty  degrees,  and  in  the  vertical  plane,  about 
forty-five  degrees;  but  he  adtled  that  these  extreme  ri>tations  were  very 
forced,  and  that  they  could  not  be  su stained  for  any  considerable  length  of 
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time*  It  is  prokible  that  the  eyeball  is  seldom  movetl  to  nil  Asgleof  fom- 
five  flogrees^  the  direction  of  the  tisubX  line  being  more  eaalj  «eooiii|iliEbd 
by  movementfi  of  the  he^. 

Action  of  the  R^cti  Muscles. — The  internal  and  ertemal  recti  mteletki 
globe  uyjon  a  vertical  axis,  which  is  perpend ietilar  to  the  axis  of  tht  m.  Tfct 
isolate*!  action  al  thege  rnusi^les,  particularly  of  the  external  ncliii|»<iteB 
illagtriited  in  certain  forms  of  paralmg,  which  have  been  allttded  ti>  in  o«- 
neetion  w  ith  ilie  history  of  the  cranial  nerves. 

The  superior  and  inferior  reed  rotate  the  globe  upon  an  borii^etiil  tm, 
which  is  not  at  riglit  angles  with  the  aiig  of  the  eye,  but  i*  ineltncd  fmmlk 
nasal  side,  slightly  backward.  The  line  which  serves  as  the  axis  of  roluM 
for  these  muscles  forms  an  angle  of  about  seventy  degrees  with  theaiiii( 
the  globe ;  and  as  a  con.sequence  of  this  arrangement,  their  action  is  Dt<  « 
simple  as  that  of  the  internal  and  external  recti.  The  insertion  of  ihr  m^ 
rior  rectus  in  such,  that  when  it  contracts,  the  pupil  is  directed  upwanl  ml 
inward,  the  inferior  rectus  directing  the  pupil  downward  and  inwaid. 

The  above  represents  the  simple,  isolated  action  of  each  psttr  of  mk 
mascles ;  but  it  ia  easy  to  see  bow,  without  necessarily  involving  Ibe  acte 

of  the  oblique  mnseles,diegloliPBff 
be  made  to  perform  a  great  variitf 
of  rotations,  and  i\u^  line  of  fimm 
may  Ije  turned  in  n<?ttriy  evert  dimf- 
tion,  by  the  ai.'tion  of  the  recti  ma^ 
cles  alone, 
^v^^'"'  I  Action  of  the  (iHique  Muid^- 

It  is  sudicient  for  at!  practical  ptr* 
pt^sL's  to  assume  that  the  soperiaf  afti 
the   inferior  oblique   miisdes  aci  n 
direct    antagonista    to    mdi   cithet 
The  most  exact  mcasuremeiito  dnrv 
that  the  axis  of   rotatioQ  for  ihm 
muscles  is  horizontal  and  ha»  aa  <<6^ 
lique  direction  from  Ijefure  bacl[wird 
and  from  without  inward.    Theaa* 
gle  formed  by  the  axis  of  mlaticm  rf 
the  oblique  muscles  ^iith  the  axis  o( 
the  globe  is  thirty-tive  degrwi;  »wd 
the  angle  between   the  aits  of  thf 
oblique  muscles  and  the  axis  of  the 
\        6U|:>erior  and  inferior  reed  muscles  if 
'um  0/  lA*  seventy-five  degrees. 
r  the  cf©-         (liven  the  direction  of  the  axi*ol 
cbeAjcesofUieobU^  rotation  and  the  direction  of  th^tsi- 


mu^rtes  of  ' 


]>erior  oblique  muscle,  it  is  easy  lo 
understand  the  effects  of  its  contraction.  As  this  muscle,  passing  oWiqodj 
backward  and  forward  over  the  globe,  acts  from  the  pulley  near  the  inaff 
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angle  of  the  eye,  to  its  insertion  just  behind  the  anterior  half  of  the  globe  on 
its  external  and  superior  surface  (7,  Fig.  259),  it  must  rotate  the  globe  so  as 
to  direct  the  pupil  downward  and  outward. 

The  inferior  oblique,  passing  outward  and  slightly  backward  under  the 
globe,  acts  from  its  origin,  at  the  margin  of  the  orbit  near  the  inner  angle  of 
the  eye,  to  its  insertion,  which  is  just  below  the  insertion  of  the  superior 
oblique.  This  muscle  rotates  the  globe  so  as  to  direct  the  pupil  upward  and 
outward. 

The  action  of  the  oblique  muscles  seems  to  be  specially  connected  with 
the  movements  of  torsion  of  the  globe.  It  is  necessary  to  distinct,  single 
vision  with  both  eyes,  that  the  images  should  be  formed  upon  exactly  corre- 
sponding points  on  the  retina,  and  that  they  should  bear,  for  the  two  eyes, 
corresponding  relations  to  the  perpendicular.  Thus  it  is  that  when  the  head 
is  inclined  to  one  side,  the  eyes  are  twisted  upon  an  oblique,  antero-posterior 
axis ;  as  can  be  readily  seen  by  observing  little  si)ots  upon  the  iris,  during 
these  movements. 

The  superior  oblique  muscle  is  supplied  by  a  single  nerve,  the  patheticus. 
When  this  muscle  is  paralyzed,  the  inferior  oblique  acts  without  its  antago- 
nist, and  the  eyeball  is  immovable,  as  far  as  the  twisting  of  the  globe,  just 
described,  is  concerned.  When  the  head  is  moved  toward  the  shoulder,  the 
globe  can  not  rotate  to  maintain  a  position  corresponding  to  that  of  the  other 
eye,  and  there  is  double  vision.  This  point  has  already  been  touched  upon 
in  connection  with  the  physiology  of  the  nerves  of  the  eyeball  and  the  situa- 
tion of  corresponding  points  in  the  retina. 

Associated  Action  of  the  Different  Muscles  of  the  Eyeball. — It  is  almost 
unnecessary  to  add,  after  the  description  just  given  of  the  actions  of  the  indi- 
vidual muscles  of  the  globe,  that  their  contractions  may  be  associated  so  as 
to  produce  a  great  variety  of  movements.  There  is  no  consciousness,  under 
ordinary  conditions,  of  the  muscular  action  by  whicli  the  globe  is  rotated 
and  twisted  in  various  directions,  except  that  by  an  effort  of  the  will  the  line 
of  vision  is  directed  toward  different  objects.  By  a  strong  effort  the  axis  of 
the  eyes  may  be  converged  by  contracting  both  internal  recti,  and  some  per- 
sons can  produce  extreme  divergence  by  using  both  external  recti ;  but  this 
is  abnormal. 

In  looking  at  distant  objects  the  axes  of  vision  are  practically  parallel. 
In  looking  at  near  objects  the  effort  of  accommodation  is  attended  with  the 
degree  of  convergence  necessary  to  bring  the  visual  axes  to  bear  upon  iden- 
tical points.  In  looking  around  at  different  objects  the  head  is  moved  more 
or  less  and  the  globes  are  rotated  in  various  directions.  In  the  movements 
of  the  globes  vertically  the  axes  are  kept  paraUel,  or  at  the  proper  angle,  by 
the  internal  and  external  recti,  and  the  superior  and  inferior  recti  u])on  the 
two  sides  act  together.  In  rotating  the  globe  from  one  side  to  the  other, 
upon  a  vertical  axis,  the  external  rectus  upon  one  side  acts  with  the  internal 
rectus  upon  the  other.  In  the  movements  of  torsion  upon  an  antero-poste- 
rior axis  there  must  be  an  associated  action  of  the  oblique  musrles  and 
the  recti. 
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An  important  point,  not  to  be  Imt  sio^ht  of  in  the  stndy  of  the  iflBoriiM 
action  of  the  muscles  of  the  globe,  relates  to  the  associated  motremeiits  of  tk 
two  eyes.  Perfect,  binoeular  vision  is  possible  only  when  ttnpreasioDj  m 
made  upon  exactly  corre^sponding  points  in  the  retina  of  each  eye»  If  am 
eye  be  deviated  in  the  horizont^il  plane,  the  points  no  k^nger  correspomi  iirf 
there  is  double  vision,  the  siime  as  if  two  impressions  were  v.  i  » n- 

retina;   for  when  the  impressions  exactly  correqx>nd,  the  r  ^e  ai;t, 

practically  as  a  single  organ.     The  same  is  true  in  deviation  of  the  globe  i 
the  vertical  plane.     If  it  be  supposed,  for  the  sake  of  argument,  that 
retina  is  square,  it  is  evident  that  a  torsion,  or  twisting  of  one  globe  upon  i 
antero-posterior  axis,  must  be  attended  with  an  analogous  moTement  of  tlir 
other  gloljc,  in  order  to  bring  the  visual  rays  to  bear  upon  the  eorreipcmihD< 
points ;  in  other  words,  the  obliquity  of  the  assumed  square  of  the  retiw 
must  be  exactly  the  same  for  the  two  eyes,  or  the  comcidenoe  of  the  corr^ 
sponding  points  would  be  disturbed  and  there  would  be  double  raion.    I>e- 
viation  of  one  eye  in  the  horizontal  or  the  vertical  plane  disturbs  the  r**liaiuo 
of  the  corresponding  points,  and  a  deviation  from  exact  coincidence  of  actiu^H 
in  torsion  of  the  globes,  twists,  as  it  were,  the  corresponding  points^  go  thj^^ 
their  relation  is  also  disturbed.    It  is  evident,  therefore,  that  the  varied  mofr* 
raents  of  the  globes,  by  the  combined  action  of  the  recti  and  oblique  mu^ciev 
must  correspond  for  each  eye,  in  the  movements  of  torsion  upon  an  autci 
posterior  axis  as  well  as  in  movements  of  rotation  upon  the  horizontal  or 
vertical  axis. 

Cektres  for  Visiox. 

Experiments  have  been  made  ujion  the  lower  animals  by  Ferrier, ! 
Exner,  Dalton  and  many  others,  with  the  object  of  locating  in  the  e« 
a  centre  for  vision-     It  is  important,  howe%'er,  to  compare  the  results  of  i 
experiments  with  cases  of  eerebnd  lesions  in  the  human  subject     A« 
general  result  of  experiments,  both  on  dogs  and  monkeys,  and  of  patholc 
observations,  the  present  opinion  is  that  the  centres  for  vision  are  in 
occipital  lobes.     The  lower  half  of  the  cuneus  and  the  adjacent  portionaj 
the  middle  occipital  convolutions  (compare  Figs.  ^'^1  and  tt2)  seem  to  I 
the  cerebral  terminations  of  fibres  that  are  continuous  with  the  optic 
These  fibres  are  not  crossed  in  the  cerebrum,  but  the  conductors  d^m 
at  the  optic  chiasm,  as  they  pass  to  the  eyes*     Cases  have  been  obfiprTrid 
the  human  subject,  in  which  lesion  of  tht^se  parts  on  one  side  has  Inxn 
lowed  by  loss  of  vision  in  one  lateral  half  of  the  retina  in  cither  eye. 
condition  is  called  hemianopsia.    In  these  instances  the  blindness  is  OfmSt 
to  the  temi>oral  side  of  the  retina  corresponding  to  the  lesion  and  the  i 
side  of  the  retina  of  the  opposite  eye.     This  U  called  lateraL  homonymo 
hemianopsia,  and  this  is  the  form  which  always  occurs  in  unilateral,  oer^fa 
lesion.     In  dogs  and  in  monkeys  destruction  of  both  occipital  lobes  and  i 
angular  convolutions  protluces  total  and  permanent  blindness  of  botk  < 

The  complete  and  perfect  perception  of  Fisnal  impressions  involves  inl 
lectual  action  connecteil  with  the  simple  \isual  sense.     An  individual 
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see  objects  and  yet  not  be  able  to  appreciate  their  significance.  In  the  con- 
dition known  as  word-blindness,  words  are  seen,  but  they  convey  no  idea. 
A  dog  with  part  of  the  occipital  lobes  removed  may  see  objects,  such  as  food, 
bat  does  not  recognize  their  character.  There  are,  apparently,  psychical 
centres,  which  elaborate  the  impressions  received  by  the  visual  centres. 

What  seems  at  present  to  be  the  most  rational  view  to  take  with  regard 
to  the  location  and  action  of  the  visual  centres  is  the  following,  which  has 
been  adopted  and  formulated  by  Ilun  : 

1.  In  the  lower  half  of  the  cuneus  and  the  adjacent  part  of  the  median 
oceipito-temporal  convolution,  is  the  centre  for  simple,  visual  sensation.  This 
part  is  connected  with  fibres  from  homonymous  halves  of  the  retina  of  each 
eye,  the  temporal  half  of  the  retina  of  the  same  side  and  the  nasal  half  of  the 
retina  of  the  opposite  side. 

2.  The  action  of  the  cortex  of  the  convex  surface  of  the  temporal  lobe 
(perhaps  only  on  the  left  side)  "  is  necessary  for  full  visual  perception  and 
recognition,  and  for  the  production  of  visual  memories."  This  may  be  called 
the  psychical,  visual  centre.  Psychical  blindness  may  exist,  indeed,  without 
loss  of  visual  sensation. 

3.  The  angular  convolution  is  not  a  visual  centre,  as  was  claimed  by  Fer- 
rier.  It  is  related  to  visual  perception  only  in  so  far  as  it  affects  "the 
memories  of  the  appearance  of  written  or  printed  words."  In  cases  of  word- 
blindness  lesions  have  been  found  in  this  situation  (Stirling). 

The  situation  of  the  visual  centres,  as  indicated  above,  is  in  parts  supplied 
by  the  third  branch  of  the  posterior  cerebral  artery. 

Perception  of  Colors. — Physical  researches  have  shown  that  different  colors 
have  different  wave-lengths.  It  is  evident  that  they  are  appreciated  by  the 
visual  centres,  as  distinct  impressions  for  each  color  and  shade  of  color,  al- 
though, under  what  may  be  called  normal  conditions,  the  delicacy  of  color- 
perception  varies  in  different  individuals.  Color-blindness  is  an  abnormal 
condition,  in  which  the  power  of  discrimination  between  different  colors  is 
impaired  or  lost.  Some  persons  are  entirely  insensible  to  colors ;  and  cases 
have  been  reported  in  which  one  eye  was  color-blind,  while  the  other  eye  was 
normal  (Becker  and  Hippel).     The  latter  is  called  unilateral  color-blindness. 

Before  the  cerebral  visual  centres  had  been  described,  various  theories 
were  proposed  to  account  for  the  perception  of  colors.  Some  physiologists 
assumed  the  existence  of  separate  and  distinct  elements  in  the  retina  for  the 
reception  of  impressions  made  by  different  colors ;  but  this  and  other  theories 
have  been  far  from  satisfactory.  Cases  of  disease  of  the  brain,  in  which  ordi- 
nary visual  sensations  remain  but  the  sense  of  color  is  destroyed,  seem  to 
show  that  a  part  of  the  visual  centre  is  specially  connected  with  the  apprecia- 
tion of  colors.  Beyond  this,  nothing  is  known  of  the  mechanism  of  color- 
perception. 

Parts  for  the  Protection  of  the  Eyeball. 

The  orbit,  formed  by  the  union  of  certain  of  the  bones  of  the  face,  re- 
ceives the  eyeball,  the  ocular  muscles,  the  muscle  of  the  upper  lid,  blood-ves- 
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«elSf  nerves  and  a  part  of  the  laohrvmal  appumtug ;  and  it  eontaim^alKkaqr- 
tain  quantity  of  adipose  tissue,  which  latter  never  disappears,  etco  in  ertHEOi 
marasmus.  The  bony  walls  of  this  cavity  protect  the  globe  ant!  Judge  tb 
parts  above  euumerdted-  The  internal,  or  nasal  wall  of  the  orbit  pmjecii 
tronsiderably  beyond  the  external  wall,  so  that  the  extent  af  mbu  if  ta 
jg^reati^r  in  the  outward  than  in  the  inward  direction.  As  the  gtnbe  ii  m$fr 
exposed  to  accidentid  injury  from  an  outward  direction,  the  extemal  w«ll«( 
the  orbit  is  strong,  while  the  Ixmes  which  form  its  interna]  wall  are  cooirafi. 
tively  fragile.  The  upper  border  of  the  orbit  (the  superciliarj  ridgi^) 
vided  with  shorty  stiff  hairs  (the  eyebrows)  which  serve  to  gliaJe  ilm  eye  Itaa. 
excessive  light  and  to  protect  the  eyelids  fj'om  perspiradun  froxa  tlie  fM^ 
head. 

The  eyelids  are  covered  by  a  very  thin  integument  antl  are  lined  bj  tii 
conjunctival  mucous  membrane.  The  subcutaneous  connective  ttasiii  8  thm 
and  loose  and  is  entirely  free  from  fat  The  skin  presents  a  large  itambff  d 
short  papillee  and  small,  sudoriparous  glands.  At  the  borders  of  th»  lidi^  m 
short,  stiff,  curved  hairs,  arranged  in  two  or  more  rows,  called  the  qrdiiha 
or  cilia.  Those  of  the  upper  lid  are  in  greater  number  and  longer  tbui  tki 
lower  cilia.  The  curve  of  the  lashes  is  from  the  eyeball.  They  senre  to  pr^ 
iect  the  globe  from  dust,  and  to  a  certain  extent^  to  shade  the  eye. 

The  tarsal  cartilages  are  small,  elongated,  semilunar  plates,  exiadm^ 
from  the  edges  of  the  lids  toward  the  mai^n  of  the  orbit,  between  tlw 
and  the  mucous  membrane.  Their  length  is  about  an  inch  (25*4  mm.). 
central  jiortion  of  the  upf>er  cartilage  is  about  one^tUrd  of  an  inch  (8*5  u 
broad,  and  the  corres|>onding  part  of  the  lower  cartilage  measures  aboati 
sixth  of  an  inch  (4*2  mm.).  At  the  inner  canthus,  or  angle  of  the  eye,  i 
small,  delicate  ligament,  or  tendon,  the  tendo  palpebrarum,  which  is  i 
to  the  lachrymal  groove  internally,  passes  outward,  and  divides  into 
lamellae,  which  are  attached  to  the  two  tarsal  cartilages.  At  the  oatereift* 
thus  the  cartilages  are  attached  to  the  malar  bone,  by  the  external  lanal  ligi> 
ment  The  tarsal  cartilages  receive  adilitional  support  from  Ihe  [ial|iebiil 
ligament,  a  fibrous  membrane  attached  to  the  margin  of  the  orbit  and  thf 
convex  border  of  the  cartilages  and  lying  beneath  the  orbicularis  mosda 
This  membrane  is  strongest  near  the  out^^r  angle  of  the  eye. 

On  the  posterior  surface  of  the  tarsal  cartilages,  partly  enilH»dded  in 
and  lying  just  beneath  the  conjunctiva,  arc  the  Meibomian  glands, 
structure  and  uses  of  these  glands  have  already  Ijeen  described  in  coon 
tion  with  the  physiology  of  secretion.     They  produce  an  oily  fluid,  wk 
smears  the  edges  of  the  eyelids  and  prevents  the  overflow  of  tears. 

Muitdes  which  open  and  close  the  Eyelids, — ^The  corrugator 
draws  the  skin  of  the  forehead  downward  and  inward ;  the  or*       "    ^  palp 
brarum  closes  the  lids;  and  the  levator  palpebral  sujjerioris  r;i  apu 

lid.     The  tensor  tarsi,  called  the  muscle  of  Horner,  is  a  very  tliin,  deli< 
muscle,  which  is  regarded  by  some  anatomists  as  a  deep  portion  of  the  orh 
ularis,     Considering  this  as  a  distinct  muscle,  it  curisists  ui  two  delio 
slips,  which  pass  from  either  eyelid,  behind  the  hiohrymal  sac,  uniting! 
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to  go  to  its  attachment  at  the  posterior  portion  of  the  lachrymal  bone.  When 
this  acts  with  the  orbicularis,  it  compresses  the  lachrymal  sac. 

The  orbicularis  palpebrarum  is  a  broad,  thin  muscle,  closely  attached  to 
the  skin,  surrounding  the  free  margin  of  the  lids,  and  extending  a  short  dis- 
tance over  the  bones,  beyond  the  margin  of  the  orbit.  This  muscle  may  be 
described  as  arising  from  the  tendo  palpebrarum,  the  surface  of  the  nasal 
process  of  the  superior  maxillary  bone  and  the  internal  angular  process  of 
the  08  frontis.  From  this  origin  at  the  inner  angle  of  the  eye,  its  fibres  pass 
elliptically  around  the  fissure  of  the  lids,  as  above  indicated.  Its  action  is  to 
close  the  lids.  In  the  ordinary,  moderate  contraction  of  this  muscle,  only 
the  upper  lid  is  moved;  but  in  forcible  contraction,  the  lower  lid  moves 
slightly  and  the  lids  are  drawn  toward  the  nose. 

The  levator  palpebraB  superioris  is  situated  within  the  orbit.  It  arises 
from  a  point  a  little  above  and  in  front  of  the  optic  foramen,  at  the  apex  of 
the  orbit,  passes  forward  above  the  eyeball,  and  spreads  into  a  thin  tendon, 
which  is  inserted  into  the  anterior  surface  of  the  superior  tarsal  cartilage. 
Its  action  is  to  raise  the  upper  lid.  This  muscle  and  its  relations  are  shown 
in  Fig.  259  (9,  10,  10),  page  718. 

In  the  act  of  opening  the  eyes  the  levator  muscles  alone  are  brought  into 
play.  Closing  of  the  lids  is  accomplished  by  the  orbicular  muscles.  Both  of 
these  sets  of  muscles  act  to  a  great  extent  without  the  intervention  of  the 
will.  The  eyes  are  kept  open  almost  involuntarily,  except  in  extreme 
fatigue ;  although  when  the  will  ceases  to  act  the  lids  are  closed.  Never- 
theless there  is  hardly  a  conscious  effort  usually  in  keeping  the  eyes  open, 
and  an  effort  is  required  to  close  the  eyes.  During  sleep  the  eyes  are  closed 
and  the  globes  are  turned  upward.  The  contractions  of  the  orbicular  mus- 
cles which  take  place  in  winking  usually  are  involuntary.  This  act  occurs  at 
short  intervals,  and  it  is  useful  in  spreading  the  lachrymal  secretion  over  the 
exposed  portions  of  the  globes.  The  action  of  both  sets  of  muscles  usually  is 
simultaneous,  although  they  may  be  educated  so  as  to  close  one  eye  while  the 
other  is  kept  open.  The  action  of  the  orbicularis  is  so  far  removed  from  the 
control  of  the  will,  that  when  the  surface  of  the  globe  is  touched  or  irritated 
or  when  the  impression  of  light  produces  intense  pain,  it  is  impossible  to  keep 
the  eye  open. 

Conjunctival  Mucous  Membrane, — The  entire  inner  surface  of  the  upper 
and  lower  eyelids  is  lined  by  a  mucous  membrane,  which  is  reflected  forward, 
from  the  inner  periphery  of  the  lids,  over  the  eyeball.  The  membrane  lining 
the  lids  is  called  the  palpebral  conjunctiva,  and  that  covering  the  eyeball,  the 
ocular  conjunctiva.  The  latter  presents  a  sclerotic  and  a  corneal  })ortion. 
The  conjunctiva  presents  a  superior  and  an  inferior  fold,  where  it  is  reflected 
upon  the  globe.  In  the  superior  conjunctival  fold,  are  glandular  follicles,  or 
Accessory  lachrymal  glands,  which  secrete  a  certain  portion  of  the  fluid  which 
moistens  the  surface  of  the  eyeball.  These  are  generally  described  as  form- 
ing a  part  of  the  lachrymal  gland.  At  the  inner  canthus  there  is  a  vertical 
fold,  the  plica  semilunaris,  with  a  reddish,  spongy  elevation  at  its  inner  por- 
tion, called  the  caruncula  lacrymalis.     The  caruncula  presents  a  collection  of 


T26 


SPECIAL  SENBEB, 


follicular  glands,  with  a  few  delicate  hairs  on  its  surfaca  Tbe  €i»]«ictiii 
is  continuous  with  the  membrane  of  the  lachrvmal  ducia,of  the  pttnclabo^ 
malia  and  of  the  Meibomian  glands.  Beneath  the  conjunctival  except  intk 
corneal  portion,  is  a  loose,  connective  tissue. 

The  jialpebi-al  conjunctiva  is  reddish,  thicker  tlmn  llieoiruljir  portion* f«r. 
rowed,  and  presents  small,  isolated  papilla?  near  the  bonierg  of  the  Uds*  iriuri 
increase  in  numWr  and  Hiize  towartl  the  folds.  This  portion  of  the  mmilim 
presents  large,  capillary  blood-vessels  and  lymphatios  and  if  covered  wttk  i 
layer  of  cells  of  flattened  epithelinm.  The  sclerotic  portioii  is  thiniier,  \m 
vascular,  and  has  no  papilla?.  It  is  covered  by  conical  and  nmiidMl  epilUU 
cells,  in  two  to  four  layers-  Over  the  coniea  the  epithelitmt  of  Ihe  acknitir 
portion  is  continued  in  delicate^  transparent  layers,  witbaat  a  dirtiiici  \mh 
nient-membmne. 

77<f  Lmhrtftnal  A jfparntu if, ^The  eyeball  is  oonstantly  bathed  in  a  dmi, 
watery  fluid,  which  is  secreted  by  the  laclirynial  gland,  is  spread  B^m  tht 
globe  by  the  movements  of  the  lids  and  of  the  eyeball,  and  k  prvfcmal 
under  ordinary  conditions,  from  overflowing  upon  th«  eheeki  bjr  the  Mab^ 
mian  secretion.  The  excess  of  this  fluid  is  collected  into  the  lachrriiial  «c 
and  is  carried  into  the  nose,  by  the  nasal  dnct  The  laefaiyma]  gland*  tlir 
la*^hrymal  canals,  duct  and  sac,  and  the  nasal  duct  coiL^titttte  the  lailiijaJ 
apparatus. 

The  lachrymal  gland  is  an  ovoid,  flattened  gland  of  the  racemoa^  vatk^ 
resembling  tlie  salivary  glands  in  its  general  structure.     It  is  ahcmt  thtam 

of  a  small  ^fnoiid  lal 
is  lodgied  in  a  ih^tov 
depression  in  ibe  1 
of  the  orbit,  al  tt»  i 
and  ooter  porlioiL  It 
is  closely  atlai:h«d  to  tfe 
periosteoni^  hj  its ! 
surface,  and  h  \ 
below  to  the  i9nQV«i^ 
of  the  glohew  Its  iali^ 
rior  portion  is  ivfiarBlcd 
from  the  ti^  by  a  will 
marked  groove,  is  ooqn 
pamtively  thin  and  ai- 
heres  to  the  npper  Bi 
It  preeents  six  to  fight 
(usually  seven)  dm^ 
j^:  which  form  a  row  oC 
tiw  ojienings  into  the  eoo* 
junctivul  fold.  Fifw  or 
8ix  of  these  orifices  are  situated  above  the  outer  can  thus,  and  two  or  thiw 
open  below.  In  ite  minute  strueture  this  gland  presents  no  points  of  ppmtl 
physiological  importance  as  distinguished  from  the  ordinary  r^oetnoee  gho^ 
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Fio.  ^61.^ Lachrymal  and  lUibom 
1 1,  IntertMl  w&H  of  Uie  orbit ;  2, «.  fnterD  i 
pAlpebr&rum ;  %,  9^  ftttAchment  ot  th- 
orinoe  for  the  p^aaagc  of  the  omoI  art^rv  ;  '>,  m 
6«  €t«  pcMterior  mrface  of  the  <?y«Ud&  with  the  Mt 
7,  7.  B,  S,  ft,  9,  II),  tachiTtllAl  i^laiul  vid  dactii ;  I  \ 
lachiymftt  ducUk 
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It  receives  nervous  filaments  from  the  fifth  cranial  nerve  and  the  sympa- 
thetic. 

The  channels  by  which  the  excess  of  tears  is  conducted  into  the  nose  be- 
gin by  two  little  points,  situated  on  the  margin  of  the  upper  and  the  lower 
lid,  near  the  inner  canthus,  called  the  puncta  lacrymalia,  which  present  each 
a  minute  orifice.  These  orifices  open  respectively  into  the  upper  and  the 
lower  lachrymal  canals,  which  together  surround  the  caruncula  lacrymalis. 
At  the  inner  angle,  just  beyond  the  caruncula,  the  two  canals  join,  to  empty 
into  the  lachrymal  sac,  which  is  the  dilated  upper  extremity  of  the  nasal 
duct  The  duct  is  about  half  an  inch  (12'7  mm:)  in  length  and  empties 
into  the  inferior  meatus  of  the  nose,  taking  a  direction  nearly  vertical 
and  inclined  slightly  outward  and  backward.  This  portion  of  the  lachrymal 
apparatus  is  fibrous  and  is  lined  by  a  reddish,  mucous  membrane,  which 
presents  several  well  marked  folds.  Near  the  puncta,  are  two  folds,  one 
for  each  lachrymal  canal.  Another  pair  of  folds  exists  near  the  horizontal 
portions  of  the  canals.  At  the  opening  of  the  duct  into  the  nose,  is  an  over- 
hanging fold  of  the  nasal,  mucous  membrane.  These  folds  are  supposed  to 
prevent  the  reflux  of  fluid  from  the  lachrymal  canals  and  the  entrance  of 
air  from  the  nose.  The  mucous  membrane  of  the  lachrymal  canals  is  cov- 
ered by  a  flattened  epithelium,  like  that  of  the  conjunctiva.  The  lachrymal 
sac  and  duct  are  lined  by  a  continuation-  of  the  ciliated  epithelium  of  the 
nose.  The  disposition  of  the  apparatus  just  described  is  shown  in  Fig. 
262. 

The  Tears. — The  secretion  of  the  lachrymal  glands  is  constant,  although 
the  quantity  of  fluid  may  be  increased  under  various  conditions.  The  actual 
quantity  of  the  secretion  has  never  been  estimated.  During  sleep  it  is  much 
diminished ;  and  when  the  eyes  are  open,  the  quantity 
is  sufficient  to  moisten  the  eyeball,  the  excess  being 
carried  into  the  nose  so  gradually  that  this  process  is 
not  appreciated.  That  this  drainage  of  the  excess  of 
tears  takes  place,  is  shown  by  cases  of  obstruction  of 
the  nasal  duct,  when  the  liquid  constantly  overflows 
upon  the  cheeks,  producing  considerable  inconven- 
ience. 

It  is  probable  that  the  openings  at  the  puncta 
lacrymalia  take  up  tlie  lachrymal  fluid,  like  delicate 
pipettes,  this  action  being  aided  by  the  movements  in 
winking,  by  which,  when  the  lids  are  closed,  the 
points  are  compressed  and  turned  backward,  opening 
and  drawing  in  the  tears  when  the  lids  are  opened. 
It  is  possible  that  the  lachrymal  sac  is  compressed 
in  the  act  of  winking,  by  the  contractions  of  the  mus- 
cle of  Horner,  and  that  this,  while  it  empties  the  sac, 
may  in  the  subsequent  relaxation  assist  the  intro- 
duction of  liquid  from  the  orbit. 

Very  little  is  known  with  regard  to  the  chemical  composition  of  tears,  be- 


Fio.  HfSA.— Lachrymal  canals, 
lachrymal  sac  atul  najtal 
canals  opened  by  their  ante- 
rior [Mrtion  (Sappey). 

1,  walls  of  the  lachiymal  pa«- 
saj^es,  smooth  and  adher- 
ent :  2,  3.  walls  of  the  lach- 
rymal sac,  presentinf^  deli- 
cate folds  of  the  mucous 
membrane;  8.  a  similar  fold 
helonfirin^  to  the  nasal  mu- 
cous membrane. 
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yond  the  analjrsis  made  many  years  ago  by  Frerichs.      According  to  thu 
observer  the  following  is  the  composition  of  the  lachrymal  secretion : 

rOMPOSITIOX   OF  THE  TEARS. 

Water 990^    to      »:-00 

Epithelium 1*40     -  3-30 

Albumen OSO     "  1-00 

Sodium  chloride , 

Alkaline  phosphates.  I 

Earthy  phosphates..   )■   7*30     •*  S->4) 

Mucus || 

Fat j 

l,U00O0  1.0WKJO 

The  specific  gravity  of  the  tears  has  never  been  ascertained.  The  liquid 
is  perfectly  clear,  colorless,  of  a  saltish  taste  and  a  feebly  alkaline  reaction. 
The  albumen  given  in  the  table  is  called  by  some  authors,  lachrymine,  thns 
nine  or  dacryoline.  This  substance,  whatever  it  may  be  called,  resembles 
mucus  in  many  regards  and  probably  is  secreted  by  the  conjunctiva  and  wn 
by  the  lachrymal  glands.     Unlike  ordinary  mucus,  it  is  coagulated  by  water. 

The  secretion  of  tears  is  readily  influenced  through  the  nervous  system. 
Aside  from  the  increased  flow  of  this  secretion  from  emotional  causes,  which 
probably  operate  through  the  sjrmpathetic,  a  hypersecretion  almost  imme- 
diately follows  irritation  of  the  mucous  membrane  of  the  conjunctiva  or  d 
the  nose.  The  same  result  follows  \iolent  muscular  effort,  laughing,  cough- 
ing, sneezing  etc.  The  secretion  of  tears  following  stimulation  of  the  mu- 
cous membrane  is  reflex. 


CHAPTER   XXIII. 

A  VDITIOy. 

Anditorr  (eighth  nerve)— G<*ncral  properties  of  the  aiulitory  nenrea— Topographical  anatncir  of  tbe  pim 
e8!M?iitial  to  the  appreciation  of  i«oiind— The  external  ear— General  arrangement  of  the  p«rt>  compoiu 
the  middle  ear— Anatomy  of  the  tympanum— Arrangement  of  the  o^«icleti  of  the  ear— MuMrks  of  CM 
middle  ear— Mastoid  ccIIh— EiiMachian  tube— Muecles  of  the  Enetachian  tube — Ck-nera)  arranfireom  of 
the  bony  labyrinth— Physics  of  sound— Noise  and  musical  eound*— Pitch  of  mui^ical  sonods-Xwica: 
w.al«'— Quality  of  mn«icar sounds — Harmonics,  or  overtones— Resultant  tones — Summation  tom«-H*r- 
ciony— Di'*cords— Tom.-s  by  influence— Uses  of  diflferent  parts  of  the  auditory  apparatus— {^tnictGrr  of  the 
mcmbraria  lympani— I'sfr*  of  thomembrana  lympani— Mechanism  of  theo»isicles  of  the  ear— P!iT«:<»-<^ 
cal  anat«)my  of  the  internal  ear -General  arrani^i'ment  of  the  membranous  labyrnih— Liq-iids  of  li*e 
labyrinth-  I>i!itribnti<m  of  nerves  in  the  labyrinth — Organ  of  Corti— Uses  of  different  parts'  o*  lh*r  ;nttf^ 
nal  ear— CVnlres  for  audif  ion. 

Impressions  of  sound  are  conveyed  to  the  brain  bv  special  nerves;  but 
in  order  that  these  impressions  sliall  reach  these  nerves  so  as  to  be  properly 
appreciated,  a  complex  accessory  apparatus  is  required,  the  integrity  of  which 
is  essential  to  perfect  audition.  The  study  of  the  arrangement  and  action 
of  these  accessory  parts  is  even  more  important  and  is  far  more  intricate  than 
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tlie  physiology  of  the  auditory  nerves.  The  auditory  nerves  condnct  impres- 
sions of  sound,  as  the  optic  nen*es  conduct  iinprcj^sions  of  light;  but  there 
13  an  elaborate  arrangement  of  parts  by  which  the  waves  are  collected,  con- 
veyed to  a  membrane  capable  of  vibration,  and  Hnally  carried  to  the  nerves, 
by  which  the  intensity  and  the  varied  qualities  of  sound  are  appreciated. 

ArniTORY  (EiGnTH  Nebve). 

The  origin  of  the  auditory  nerve  can  eiisily  he  traced  to  the  floor  of  the 
fourth  ventricle,  where  it  presents  two  roots.  The  exterual,  or  superfiidal 
root,  sometimes  ealied  the  posterior  root,  can  be  seen  usually  without  prepara^ 
tiun.  It  consists  of  five  to  seven  grayish  filaments,  which  decussate  in  the 
median  line,  and  puss  outward,  winding  from  the  fourth  ventricle  around 
the  restiform  body.  The  deep  root  consists  of  a  number  of  distinct  filaments 
arising  from  the  gmy  matter  of  the  fourth  ventricle,  two  or  t!n*ee  of  which 
pa>is  to  the  median  line,  to  decussate  witli  corresponding  filaments  from  the 
opposite  side.  Filaments  from  this  root  have  been  traced  to  a  gray  nuclens 
in  the  inferior  peduncle  of  the  cerebellum  and  thence  to  the  white  substance 
of  the  cerebellum  itself.  The  deep  root  piisses  around  the  restiform  body 
inward,  so  that  this  portion  of  the  medulla  is  encircled  by  the  two  roots. 
Passing  from  the  sujierior  and  lateiiU  jiortion  of  the  medulla  oblongata, 
the  trunk  of  the  nerve  is  applied  to  the  superior  and  anterior  surface  of 
the  facial.  It  then  passes  around  the  middle  peduncle  of  the  cerebellum, 
ami  receives  a  process  from  the  arachnoid  membrane,  which  envelops  it  in 
a  common  sheath  with  the  facial  It  finally  penetrates  the  internal  audi- 
tory meatus.  In  its  course  it  receives  filaments  from  the  restiform  body 
and  possil*ly  from  the  pons  Varolii.  Within  the  meatus  the  nerve  divides 
into  an  anterior  and  a  posterior  branch,  the  anterior  Wing  distributed  to  the 
cochlea,  and  the  posterior,  to  the  vestibule  and  semicircular  canals.  The 
distri tuition  of  these  branches  will  be  fully  described  in  connection  with  the 
anatomy  of  the  internal  ear. 

The  auditory  nerves  are  grayish  in  color,  and  their  consistence  is  soft, 
thus  ditfering  from  the  ordinary  cerebrospinal  nerves,  and  resembling  to  a 
certain  extent  the  other  nerves  of  special  sense.  On  the  external^  or  super- 
ticiai  root.  Is  a  small,  ganglioform  enlargement,  containing  fusiform  nerve- 
eells.  The  filaments  of  the  trunk  of  the  nerve  consist  of  very  large  axis- 
cylinders,  surrounded  by  a  medullary  sheath,  hut  having  no  tulmlar  mem- 
brane. In  the  course  of  these  fibres,  are  found  small,  nucleated,  ganglionic 
Enlargements, 

iitnend  Properties  of  (he  Auditory  Nerves. — There  can  be  no  doubt,  as 
regaixls  the  eighth,  that  it  is  the  only  nerve  capable  of  receiving  and  convey- 
ing to  the  brain  the  special  impressions  produced  by  waves  of  souml ;  but  it 
is  an  imi>ortant  question  to  determine  whether  this  nerve  be  endowed  also 
with  general  sensibility.  Analogy  with  most  of  the  other  nerves  of  speciid 
ense  w^ould  indicate  that  the  auditory  nerves  are  insensible  to  ordinary 
impressions;  and  this  view  has  been  sustained  by  direct  experiments.  In 
experiments  made  by  passing  electric  cun-ents  througli  the  cars,  some  physi- 
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ologists  have  thougbt  that  auditory  ^nsations  were  produced ;  bnt  !t  b  ^H- 
ble  that  the  sensations  observed  were  due  to  clonic  spasm  of  ibe  irUji^m« 
muscle  and  not  to  impressions  of  sound  produced  by  the  acUoEi  of  tht;  utaon* 
lus  ui>on  the  auditory  nerves.     In  eases  of  complete  fa 
otitis,  in  which  paralysis  of  the  auditory  nerve  could  be  j     . 
it  has  not  been  possible  to  produce  subjectire  auditory  venjsatioQB,  t^v. 
powerful  Faradization  by  means  of  a  catheter  passed    * 
tube  into  the  tympanic  cavity  or  by  the  exter!ial  men 
tion  there  are  well  established  clinical  observations  which  sustain  the  thi^ 
of  muscular  coDtraction  and  are  opposed  to  the  idea  of  inipn  '  :*»tin(a 

produced  by  direct  stimulation  of  the  auditory  nerves.     Ti  ,  thr*., 

as  regards  stimulation  of  the  auditory  nerves,  have  been  simply  ne;^ 
Were  it  possible  to  subject  these  nerves  to  mechanical  or  electric  stimulAUiti, 
in  the  human  subject,  without  involving  other  parts,  it  might  be  posibk^ 
arrive  at  a  definite  conclusion ;  but  the  dii)icu)ties  in  the  way  of  such  tn 
experiment  have  thus  far  proved  infitirmountable. 

TOPOURAPIIICAL   AnATOSIY  OP  THE    PaRTS  ESSEXTIAL  TO  TUK   APPMCU- 

TIOX    OF  SorXD. 

Perfect  audition  involves  the  anatomical  inte^ty  of  a  complex  appantia 
which,  for  convenience  of  anatomical  description,  may  be  divided  into  tk 
externaU  middle  and  internal  ear, 

1.  The  external  ear  includes  the  pinna  and  the  external  auditory  moitiifi^ 
and  is  closed  internally  by  the  membrana  t\^npani. 

'i.  The  middle  ear  includes  the  ca\ity  of  the  tvinpannm^  or  drnnu  wiik 
its  boundaries.  The  parts  here  to  be  described  are  the  membrana  tymp 
the  form  of  the  tvmpanic  cavity,  its  openingii,  its  lining  membrane,  axid 
small  bones  of  the  ear,  or  ossicles,  with  their  ligaments,  muscles  and 
The  cavity  of  the  tympanum  conimunic-ate^  by  the  Eustachian  tube  with  At 
pharynx,  and  it  also  presents  openings  into  the  mastoid  cells. 

IL  The  internal  ear  contains  the  terminal  filaments  of  the  anditory  nent. 
It  includes  the  vestibule,  the  three  semicircular  canals  and  the  cocblaa^  wfc 
together  form  the  labyrinth. 

The  pinna  and  the  external  meatus  simply  conduct  the  wave*  id 
to  the  tvmpanuuh  The  parts  entering  into  the  structure  of  tlie  mid 
are  accessory,  and  are  aualogous  in  tlieir  uses  to  the  n^fracting  nitdii 
eye.    Structures  contained  in  the  labyrinth  constitute  the  true  stnisf>r>' 

The  Ext^rnnl  Ear. — ^The  pinna,  or  auricle,  is  that  portion  prnj^ 
the  head,  which  first  receives  the  waves  of  sound.     The  outer  r    ^ 
pinna  is  calle<i  the  helix*    Just  within  thia,  ia  a  grooTe  called  the 
the  helix.    This  fossa  is  bc»unded  anteriorly  by  aprfiminent  bn 
called  the  antihelix ;  and  above  the  concha,  between  the  ^U|»- 
the  antihelix  and  the  anterior  portion  of  the  helix,  is  a  shallow  foosa^i 
the  fossa  of  the  antihelix.     The  deep  fossa,  immciiiately  soiTfji 
opening  of  the  meatus,  is  calleii  tlie  uoucha.     A  small  IoIm*  p 
tenorly,  covering  the  anterior  portion  of  the  concha,  which  is  caiiisd 
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tragus ;  and  the  projection  at  the  lower  extremity  of  the  antihelix  is  called 
the  antitragus.  The  fleshy,  dependent  portion  of  the  pinna  is  called  the 
lobule  of  the  ear. 

The  form  of  the  pinna  and  its  consistence  depend  upon  the  presence  of 
fibro-cartilage,  which  occupies  the  whole  of  the  external  ear  except  the  lobule. 
The  structure  of  this  kind  of  cartilage  has  already  been  described. 

The  integument  covering  the  ear  does  not  vary  much  from  the  integu- 
ment of  the  general  surface.  It  is  thin,  closely  attached  to  the  subjacent 
parts,  and  possesses  small,  rudimentary  hairs,  with  sudoriparous  and  seba- 
ceous glands. 

The  muscles  of  the  external  ear  are  not  important  in  the  human  subject ; 
and  excluding  a  few  exceptional  cases,  they  are  not  under  the  control  of  the 
will.  The  extrinsic  muscles  are  the  superior,  or  attollens,  the  anterior,  or 
attrahens,  and  the  posterior,  or  retrahens  aurem.  In  addition  there  are  the 
six  small  intrinsic  muscles,  situated  between  the  ridges  upon  the  cartilagi- 
nous surface.  The  pinna  is  attached  to  the  sides  of  the  head,  by  two  distinct 
ligaments  and  a  few  delicate,  ligamentous  fibres. 

The  external  auditory  meatus  is  about  an  inch  and  a  quarter  (31-8  mm.) 
in  length  and  extends  from  the  concha  to  the  membrana  tympani.  Its  course 
is  somewhat  tortuous.  Passing  from  without  inward,  its  direction  is  at  first 
somewhat  upward,  turning  abruptly  over  a  bony  prominence  near  the  middle, 
from  which  it  has  a  slightly  downward  direction,  to  the  membrana  tympani. 
Its  general  course  is  from  without  inward  and  slightly  forward.  The  inner 
termination  of  the  canal  is  the  membrana  tympani,  which  is  quite  oblique,  the 
upper  portion  being  inclined  outward,  so  that  the  inferior  wall  of  the  meatus 
is  considerably  longer  than  the  superior. 

The  walls  of  the  external  meatus  are  partly  cartilaginous  and  fibrous,  and 
partly  bony.  The  cartilaginous  and  fibrous  portion  occupies  a  little  less  than 
one-half  of  the  entire  length  and  consists  of  a  continuation  of  the  cartilage 
of  the  pinna,  with  fibrous  tissue.  The  lower  two-thirds  of  this  portion  of 
the  canal  is  cartilaginous,  the  upper  thii*d  being  fibrous.  The  rest  of  the 
tube  is  osseous  and  is  a  little  longer  and  narrower  than  the  cartilaginous  por- 
tion. Around  the  inner  extremity  of  the  canal,  except  at  its  superior  por- 
tion, is  a  narrow  groove,  which  receives  the  greater  portion  of  the  margin  of 
the  membrana  tympani. 

The  skin  of  the  external  meatus  is  continuous  with  the  integument  cover- 
ing the  pinna.  It  is  very  delicate,  l)econiing  thinner  from  without  inward. 
In  the  osseous  portion  it  adheres  very  closely  to  the  periosteum,  and  at  the 
bottom  of  the  canal  it  is  reflected  over  the  membrana  tympani,  forming  its 
outer  layer.  In  the  cartilaginous  and  fibrous  portion,  are  short,  stiff  hairs, 
with  sebaceous  glands  attaclied  to  their  follicles,  and  the  coiled  tubes  known 
as  the  ceruminous  glands.  The  structure  of  these  glands  and  the  properties 
and  composition  of  the  cerumen  have  already  been  described  in  connection 
with  the  physiology  of  the  glands  of  the  skin. 

General  Arrangement  of  the  Parts  comjwsinfj  the  Middle  Ear. — Without 
a  very  elaborate  description,  fully  illustrated  by  plates,  it  is  ditiieult  to  give  a 
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clear  idea  of  the  Btmcttire  aiitl  rolations  of  the  complex  anatomicial  put?  la 
the  zniddle  and  the  internal  ear.  Such  a  tniuate  and  puirly  aaitomicil  de^ 
script  ran  would  be  out  of  place  in  this  work,  where  it  is  iledreil  ofdv  ioipve 
such  an  account  of  the  anatomy  as  will  enable  tfi  TinEb«ful  tbe 

phyMology  of  the  ear,  reserving  for  sj^ecial  des^     ^  f  tlie  miai 

important  gtmctures.  It  wiU  be  nseful,  however^  to  gire  a  genecal  initliw^f 
the  diJTerent  partis  with  their  names. 

The  armngement  of  the  part^  constituting  the  external  air  is  mlBdMrtft 
simple.     The  middle  ear  presents  a  narrow  cavity  (Fig.  2113,  11^,  of  ir* 
shii[>e,  situateii  between  the  external  ear  and  the  hihyrintlt,  in  thf  [• 
portion  of  tlie  tem|K)ral  bone.     The  general  arrangement  of  its  fiart^  i-  *     . 
in  Fig.  t2tJ;5.     The  outer  wall  of  the  tympanic  cavity  is  formed  hv  tu    i    r 
brami  tympani  (Fig.  '^63,  6).     This  membrane  is  concave,  ita  cf>n«.iv    .  , .  i 
ing  outward,  and  oblique,  inclining  u&ually  at  an  angle  of  forty-tivi*  Mr  jtm  . 

with  the  p(->  ^  1 
lar.  Thb  JUigit.  f  * 
erer,  mries  con-  I  -» 
bly  in  difftrv-ri  r  i 
ndiiaU.  Inv  d»  f  i- 
formed  by  a  thin  plii» 
of  bonv^  Tile  titmtn 
7 19  trjO-Sltt  bonjand  is  miit^  air- 
rower  than  tfa«  n^. 
The  inner  wall,  «fa- 
rating  the  t}*m}uit 
canity  fn>m  the  iaiif- 
rinth,  U  invgtilar,  ff^ 
seuting  sereral  audi 
elevation?  at»d  fofamft- 
na.  The  fenesttama* 
Ha,  an  ovoid  0|ii9iiif 
near  its  upper  portioii* 
leads  to  the  cavity  rf 
the  ve$tihukv  Thiiii 
in  Ike  natoni 
\  th^  base  of  ihf 
stapt^  iind  its  atinnlar 
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membrane  called  the  secondary  mt-hMN.ina  lUHpani.     In  addition  '^ ^•e- 

nor  wall  presents  several  small  foramina  leading  to  the  mastoid  ii 

cells  are  lined  by  a  continuation  of  the  mucous  membrane  of  tJw»  iymjmmr 
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Cttvity.  The  tympanic  cavity  also  presents  an  opening  leading  to  the  Eusta- 
chian tube,  and  a  small  foramen  which  gives  passage  to  the  tendon  of  the 
stapedius  muscle.  The  Eustachian  tube  extends  from  the  upper  part  of  the 
pharynx  to  the  tympanum. 

The  small  bones  of  the  ear  are  three  in  number ;  the  malleus,  the  incus, 
and  the  stapes,  forming  a  chain  and  connected  together  by  ligaments  (D.  Fig. 
264).  These  bones  are  situated  in  the  upper  part  of  the  tympanic  cavity.  The 
handle  of  the  malleus  (A,  2,  Fig.  264)  is  closely  attached  to  the  membrana 
tympani,  and  the  long  process  (A,  3,  Fig.  264)  is  attached  to  the  Glasserian 
fissure  of  the  temporal  bone.  The  malleus  is  articulated  with  the  incus.  The 
incus  (B,  Fig.  264)  is  connected  with  the  posterior  wall  of  the  tympanic  cav- 
ity, near  the  openings  of  the  mastoid  cells.  It  is  articulated  with  the  malleus, 
and  by  the  extremity  of  its  long  process  (B,  2,  Fig.  264),  with  the  stapes. 
The  stapes  (C,  Fig.  264)  is  the  most  internal  bone  of  the  middle  ear.  It  is 
articulated  by  its  smaller  extremity  with  the  long  process  of  the  incus.  Its 
base  is  oval  (C,  Fig.  264)  and  with  its  annular  ligament,  is  applied  to  the 
fenestra  ovalis.  The  direction  of  the  stapes  is  nearly  at  a  right  angle  with 
the  long  process  of  the  incus,  in  the  natural  state  (8,  Fig.  265).  Some  anato- 
mists describe  a  fourth  bone  as  existing  between  the  long  process  of  the  incus 
and  the  stapes,  but  this  is  seldom  dis- 
tinct, usually  being  united  either  with 
the  incus  or  with  the  stapes. 

There  are  two  well  defined  muscles 
connected  with  the  ossicles  of  the  mid- 
dle ear.  One  of  these  is  attached  to  the 
malleus,  and  the  other,  to  the  stapes. 
The  so-called  laxator  tympani  probably 
is  not  composed  of  muscular  fibres  and 
should  not  be  enumerated  with  the  mus- 
cles of  the  tympanum. 

The  larger  of  the  two  muscles  is  the 
tensor  tympani.  Its  fibres  arise  from 
the  cartilaginous  portion  of  the  Eusta- 
chian tube,  the  spinous  process  of  the 
sphenoid  bone  and  the  adjacent  portion 
of  the  temporal.  From  this  origin  it 
passes  backward,  almost  horizontally,  to 
the  tympanic  cavity.  In  front  of  the 
fenestra  ovalis  it  turns  nearly  at  a  right 
angle  over  a  bony  process,  and  its  ten- 
don is  inserted  into  the  handle  of  the  malleus,  at  its  inner  surface  near  the 
root  The  tendon  is  very  delicate,  and  the  muscular  portion  is  about  half 
an  inch  (12-7  mm.)  in  length  (10,  Fig.  263).  The  muscle  and  its  tendon  are 
enclosed  in  a  distinct,  fibrous  sheath.  The  action  of  this  muscle  is  to  draw 
the  handle  of  the  malleus  inward,  pressing  the  base  of  the  stapes  against 
the  membrane  of  the  fenestra  ovalis  and  producing  tension  of  the  membrana 

4S 


Fio.  364.— 0«icte«  of  the  tympanum  of  the  right 
nde ;  magnified  2  diameters  (Arnold). 

A,  malleus ;  1.  its  head  ;  2,  the  handle  :  3,  lon«r, 
of  slender  process :  4,  short  process ;  B,  in- 
cus ;  1.  its  body :  2,  the  loniK  process,  with  the 
orbicular  process :  8.  short,  or  posterior  pro- 
cess ;  4,  articular  surface,  receivinfr  the  head 
of  the  malleus ;  C,  stapes ;  1,  head :  2,  pos- 
t^or  cms ;  S,  anterior  cms :  4,  base :  C. 
base  of  the  stapes:  D,  the  three  bones  in  their 
natural  connection,  as  seen  from  the  outside; 
A,  malleus ;  B,  incus ;  C,  stapes. 
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tynipani.     The  fibrea  of  this,  and  of  all  tbo  musc-les  of  the  middle  ear,  are  of 
the  striated  variety.     The  tensor  tympani  is  supplied  with  motor  filaments 

from  the  utie  ganglion,  which 
are  probably  derived  from  ti 
facial  nerve. 

The  gtaj^edius  muscle  is  m 
Tiat-ed  in  the  descending  por- 
tion of  the  acqua^ductus  Fallo- 
pii  and  in  the  cavity  of  the 
pyramid  on  the  posterior  wall 
of  the  tympanic  ea\ity.  It^ 
tendon  emerges  from  a  fora- 
men  at  the  summit  of  the  pvra* 
mid.  In  the  canal  in  wl 
this  muscle  is  lodged,  its  di 
tion  is  vertical  At  the  su 
mit  of  the  pyramid,  it  turns 


en 

I 


ora- 
vra^^H 
\ic\M 
reo-H 
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nearly  a  right  angle,  its  tendon 
passing  horizon tidly  forward,  to 
be  attached  to  the  head  of  the 
stapes.  Like  the  other  mus- 
cles of  the  ear,  this  is  envelo] 
in  A  fibrous  sheath.  Its  aeti 
to  draw   tlie   bead   of    tli 


18 


Via*  886*— Tfe*  right  tt^mporat  bofu;^  tk*'  peintmU  portirm  re- 

moved,  shofrtnq  the  OHgiclts  9etm  from  within,     From  a 

pholoirraph  (RQdlu(^ifr>. 
4^  the  irieu«,  tJif  uhcirt  pr<>cc«w  of  which  Is  dlivi^twl  ncftrly 

to  a  horizontal  direction  backwnpd  ;  r>,  the  lonif  jinx-insa 

of  the  mcu«i,  fret*  in  th«*  tympanic  cnvlt?,  articulated 

wllh  Uie  f<,ta^^;  6.  the  maJh-iis.  artii-uljitt-d  wHb  tbe 

Iijciih;  7,  (he  loti^  proi*****  of  the  nmllciw,  in  the  Olasie- 

riati  flrtHuiv  ;  S.  th**  r«.mp»^!i.  arttcniat*^  with  the  intnut, 

ThiK  isdrawrj  sortimvhat  rmtwcirt] :  othi^rwlse  thi*  base 

^if  the  stapra  nhmiL'  would  Iw  visible.    This  fiifurt^  »howa 

the  handle  ot  the  mallcuMt  attachtMl  to  the  nieruhrana 

tjmp&oL 

stapes  hack  ward,  relaxing  t 
memhrana  tympani.    Tbis  muscle  receives  filaments  from  the  facial  aej 
by  a  distinct  hranch,  the  tympanic. 

Tiie  poHlerior  wall  of  the  tympanic  cavity  presents  several  foramina,  which 
open  directly  into  a  number  of  irregularly  shaped  cavities  eommnnic 
freely  with  each  other  in  the  mastoid  process  of  tlie  temporal  hone,     Th 
are  called  tbe  mastoid  cells.    They  are  lined  by  a  continuation  of  the  muco 
membrane  of  the  tympanum.     There  is  under  c^ertnin  conditions  u  free  c: 
eolation  of  air  between  the  pharynx  and  the  cavity  of  the  tympanum,  througl 
the  Eiist^icbiau  tube,  and  from  the  tympanum  to  the  mastoid  cells. 

Tlie  Kustacbian  tube  {It^  Fig.  5i63}  is  partly  bony  and  partly  t^irtil 
nous.  Following  its  direction  from  tbe  tympanic  t^vity,  it  passes  forwaj 
inward  and  slightly  downward.  Its  entire  length  is  about  an  inch  and 
half  (38*1  mm.).  Its  caliber  gnidually  contracts  from  the  tympannra  to  the 
spine  of  tbe  eiihenoid,  and  from  tliis  constricted  portion  it  gradnally  dilates 
to  its  opening  into  the  pharynx,  the  entire  canal  presenting  the  apf>earance 
of  two  cones.  Tbe  osseoua  portion  extends  from  the  tympanum  to  the  spine 
of  the  sphenoid  hone.  Tbe  cartilaginous  portion  is  an  irregularly  trian- 
gtilar  cartilage,  bent  upon  itself  above,  forming  a  furrow  with  its  conca 
ity  presenting  downward  and  outward.  The  fibrous  jmrtion  occupies  aboi 
half  of  the  tube  beyond  the  osseous  portion,  and  completes  the  cam 
forming  its  inferior  and  external  portion.     In  its  structure   the  cartilage 
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of  the  Eustachian  tube  is  intermediate  between  the  hyaline  and  the  fibro- 
cartilage. 

The  cireumflexus,  or  tensor  palati  muscle,  which  has  already  been  de- 
scribed in  connection  with  deglutition,  is  attached  to  the  anterior  margin, 
or  the  hook  of  the  cartilage.  The  attachments  of  this  muscle  have  been  ac- 
curately described  by  Rudinger,  who  called  it  the  dilator  of  the  tube. 

The  action  of  certain  of  the  muscles  of  deglutition  dilates  the  pharyngeal 
opening  of  the  Eustachian  tube.  If  the  mouth  and  nostrils  be  closed  and 
aeyeral  repeated  acts  of  deglutition  be  made,  air  is  drawn  from  the  tympanic 
cavity,  and  the  atmospheric  pressure  renders  the  membrane  of  the  tympanum 
tense,  increasing  its  concavity.  By  one  or  two  lateral  movements  of  the 
jaws,  the  tube  is  opened,  the  pressure  of  air  is  equalized  and  the  ear  returns 
to  its  normal  condition.  The  nerves  animating  the  dilator  tubaB  come  from 
the  pneumogastric  and  are  derived  from  the  spinal  accessory. 

A  smooth,  mucous  membrane  forms  a  continuous  lining  for  the  Eusta- 
chian tube,  the  cavity  of  the  tympanum  and  the  mastoid  cells.  In  all  parts 
it  is  closely  adherent  to  the  subjacent  tissues,  and  in  the  cavity  of  the  t3rm- 
panum  it  is  very  thin.  In  the  cartilaginous  portion  of  the  Eustachian  tube 
there  are  mucous  glands,  which  are  most  abundant  near  the  pharyngeal  ori- 
fice and  gradually  diminish  in  number  toward  the  osseous  portion,  in  which 
there  are  no  glands.  Throughout  the  tube  the  surface  of  the  mucous  mem- 
brane is  covered  with  conoidal  cells  of  ciliated  epithelium.  The  mucous 
membrane  of  the  tympanic  cavity  is  very  thin,  consisting  of  little  more  than 
epithelium  and  a  layer  of  connective  tissue.  It  lines  the  walls  of  the  cavity 
and  the  inner  surface  of  the  membrana  tympani,  is  prolonged  into  the  mas- 
toid cells  and  covers  the  ossicles  and  those  portions  of  the  muscles  and  ten- 
dons which  pass  through  the  tympanum.  On  the  floor  of  the  tympanic 
cavity  and  on  its  anterior,  inner  and  posterior  walls,  the  epithelium  is  of  the 
conoidal,  ciliated  variety.  On  the  promontory,  roof,  ossicles  and  muscles,  the 
cells  are  of  the  pavement-variety  and  not  ciliated,  the  transition  from  one 
form  to  the  other  being  gradual.  The  entire  mucous  membrane  contains 
lymphatics,  a  plexus  of  nerve-fibres  and  nerve-cells,  with  some  peculiar  cells, 
the  physiology  of  which  is  not  understood. 

The  above  is  merely  a  general  sketch  of  the  physiological  anatomy  of  the 
middle  ear,  and  it  will  not  be  necessary  to  treat  more  fully  of  the  cavity  of 
the  tympanum,  the  mastoid  cells  or  the  Eustachian  tube,  except  as  regards 
certain  points  in  their  physiology.  The  minute  anatomy  of  the  membrana 
tympani  and  the  articulations  of  the  ossicles  can  be  more  conveniently  con- 
sidered in  connection  with  the  physiology  of  these  parts. 

General  Arrangement  of  the  Bony  Lahyrinth. — The  internal  portion  of 
the  auditory  apparatus  is  contained  in  the  petrous  portion  of  the  temporal 
bone.  It  consists  of  an  irregular  cavity,  ea,lled  the  vestibule,  the  three  semi- 
circular canals  (13,  14,  15,  Fig.  263)  and  the  cochlea  (16,  Fig.  263).  The 
general  arrangement  of  these  parts  in  situ  and  tlieir  relations  to  the  adja- 
cent structures  are  shown  in  Fig.  263.  Fig.  266,  showing  the  bony  labyrinth 
isolated,  is  from  a  photograph  in  Riidiuger's  atlas. 
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The  vestibule  is  the  central  chamber  of  the  labyrinth,  commnmatini 
with  the  tympanic  cavity  by  the  fenestra  ovalis,  which  is  dosed  in  the  laj- 
ural  state  by  the  base  of  the  stapes.  This  is  the  central-^  ovoid  opetair 
shown  in  Fig.  2i^Q,  The  inner  wall  of  the  vestibule  presents  a  round  depns- 
sion»  the  fovea  hemispherica,  perforated  by  a  nnmi>er  of  small  fonimiiu. 
through  which  pass  nervous  filaments  from  the  internal  auditory  mmjik 
Behind  this  depression  is  the  opening  of  the  aqueduct  of  the  vestibale.  k 
the  jx>sterior  wall  of  the  vestibule  are  five  small,  round  openings  kftding  » 
the  semicircular  canals^  with  a  larger  opening  below,  leading  to  the  cochlei. 

The  general  arrangement  of  the  semicircular  canals  is  shown  in  Fig.  H( 
(6,  7,8,  9,  10,  11,  U>). 

The  arrangement  of  the  cochlea,  the  anterior  division  of  the  hibvrintK, « 
shown  in  Fig.  255  (1,  3,  4).     This  is  a  spiral  canal,  al)ont  an  im'  -^f 

(38*1  mm.)  lung,  and  one-tenth  of  an  inch  (2^5  mm.)  wide  at  it>  £. 

gradually  tapering  to  the  apex,  and  making  in  its  course,  two  and  «  W! 
turns.  Its  anterior  presents  a  i^entral  pillar,  around  which  winds  i  ^mi 
lamina  of  bone.  The  fenestra  rotunda  (2,  Fig.  2G0),  cloeed  in  the  mtifil 
state  by  a  membrane  (the  seoondary  membrana  tympani),  lies .  between  tfar 
lower  portion  of  the  cochlea  and  the  ca \ity  of  the  tympanum. 
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1,  the  M 


The  Uft  bony  lab^mth  of  a  i^tw^bvm  child,  forward  and  aiflvnrd  view.  From  *  ffboUscnfit 

.  ,M,Ti  .1  ri,..  >M.rri..,,iM,r  ..f  tht»  ftpfntt  c*aD&l  ftf  the  cocbl#ta  :  8L  the  fMuattm  -^•"-^-  ■  i^  ili»  ■» 
rlnal  Wlf-tum  of  th**  cochlipia  ;  S,  tb*  border  *'''  «  all  <rfj^ 

Vi  oH^hlt^a  and  The  strnlL^ifvulihr  CAiuUii:  <L  tb^  r  tafVM 

Bfji...  ,,  ^  ij...  ,,....,..  ,,    ..,   j^r.  ;M*n  of  iht*  RKmicin^ii'""  """"1  i^.^t  r.i,fM*,w^i    w   r. 
T«»rBe  s*emiL'i regular  caual  :  t»,  thf  fmrtirtti  <»f  rlip  ; 
CftnnI  ;  H*.  ix»ini  '>f  jiin<*tiir»n  of  th**  stipf  rior  ami  ' 

OSi.'H  ♦»xu*rDA  ;  12.  th**  hnriwuntAl.  or  ••xf+rnal  *•  u.,^,i._„x.*x  .^..^x      ,.  ..<    -  *,.._.^xlx^,,-  .x  ...  liili 
baft  Ijeeii  modiflvd  aiiit  eondeii*ed  from  Riklinger. 

What  is  called  the  membninoue  labyrinth  is  contained  within  the 
parb^  just  described.     Some  of  the  anatomicid   points  connected  with  it» 
structure  and  the  distribution  and  connections  of  the  auditory  nerro  hift 
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direct  and  important  relations  to  the  physiology  of  hearing,  while  many  are 
of  purely  anatomical  interest.  Such  facts  as  bear  directly  upon  physiology 
will  be  considered  fully  in  connection  with  the  uses  of  the  internal  ear. 

Physics  of  Sound. 

The  sketch  just  given  of  the  general  anatomical  arrangement  of  the 
auditory  apparatus  conveys  a  general  idea  of  the  uses  of  the  different  parts  of 
the  ear.  The  waves  of  sound  must  be  transmitted  to  the  terminal  extremi- 
ties of  the  auditory  nerve  in  the  labyrinth.  These  waves  are  collected  by  the 
pinna,  are  conducted  to  the  membrana  tympani  through  the  external  auditory 
meatus,  produce  vibrations  of  the  membrana  tympani,  are  conducted  by  the 
chain  of  ossicles  to  the  openings  in  the  labyrinth  and  are  communicated 
through  the  fluids  of  the  labyrinth  to  the  ultimate  nervous  filaments.  The 
free  passage  of  air  through  the  external  meatus  and  the  communications 
of  the  cavity  of  the  tympanum  with  the  mastoid  cells,  and  by  the  Eustachian 
tube,  with  the  pharynx,  are  necessary  to  the  proper  vibration  of  the  mem- 
brana tympani ;  the  integrity  of  the  ossicles  and  of  their  ligaments  and  mus- 
cles is  essential  to  the  proper  conduction  of  sound  to  the  labyrinth;  the 
presence  of  liquid  in  the  labyrinth  is  a  condition  essential  to  the  conduction 
of  the  waves  to  the  filaments  of  distribution  of  the  auditory  nerves ;  and 
finally,  from  the  labyrinth,  the  nerves  pass  through  the  internal  auditory  mea- 
tus, to  the  auditory  centre  in  the  brain,  where  the  auditory  impressions  are 
appreciated. 

Most  of  the  points  in  acoustics  which  are  essential  to  the  comprehension 
of  the  physiology  of  audition  are  definitely  settled.  The  theories  of  the  prop- 
agation of  sound  involve  wave-action,  concerning  which  there  is  no  dispute 
among  physicists.  For  the  conduction  of  sound  a  ponderable  medium  is 
essential ;  and  it  is  not  necessary,  as  in  the  case  of  the  undulatory  theory  of 
light,  to  assume  the  existence  of  an  imponderable  ether.  The  human  ear, 
though  perhaps  not  so  acute  as  the  auditory  apparatus  of  some  of  the  inferior 
animals,  not  only  appreciates  irregular  waves,  such  as  produce  noise  as  distin- 
guished from  sounds  called  musical,  but  is  capable  of  distinguishing  regular 
waves,  as  in  simple,  musical  sounds,  and  harmonious  combinations. 

In  music  certain  successions  of  regular  sounds  are  agreeable  to  the  ear 
and  constitute  what  is  called  melody.  Again,  there  is  appreciation,  not  only 
of  the  intensity  of  sounds,  both  noisy  and  musical,  but  of  pitch  and  different 
qualities,  particularly  in  music.  Still  farther,  musical  notes  may  be  resolved 
into  certain  invariable  component  parts,  such  as  the  octave,  the  third,  fifth 
etc.  These  components  of  what  were  formerly  supposed  to  be  simj)le  sounds 
— which  may  be  isolated  by  artificial  means,  to  be  described  farther  on — are 
called  tones;  while  the  sounds  themselves,  produced  by  the  union  of  the 
different  tones,  are  called  notes,  which  may  themselves  be  combined  to  form 
chords. 

The  quality  of  musical  sounds  may  be  modified  by  the  simultaneous  pro- 
duction of  others  which  correspond  to  certain  of  the  comi)onents  of  the  i)re- 
domiuating  note.     For  example,  if  there  be  added  to  a  single  note,  the  third, 


738 


SPECIAL  SENSES. 


fifth  and  octave,  the  roaiilt  k  a  major  fdionl,  the  sound  of  which  h  very  dif- 
ferent from  that  of  a  single  note  or  of  a  note  with  it.**  octave.  If  the  thir^^ 
he  diminiHiied  by  a  semitone,  there  is  a  ditTereiit  (|uaHty,  which  h  |ieoiiliar  tjj 
minor  chords.  In  this  way  a  great  variety  of  miimcal  sounds  may  he  made 
upon  a  single  instrument,  as  the  piano;  and  by  the  harmonious  combinations 
of  the  notes  of  different  instruments  and  of  different  registers  of  the  human 
voice,  as  in  choral  and  orchestral  compositions,  shiwles  of  effect,  almost  in- 
numerable, may  he  produced.  The  modilication  of  sounds  in  this  way  con-, 
stitutes  harmony ;  and  an  educated  ear  not  only  exjieriences  pleasure  froi 
these  musical  combimitions,  but  can  distinguish  their  different  com|M>nea 
parts. 

A  chord  may  convey  to  the  ear  the  sensation  of  completeness  in  itself 
it  may  lead  to  a  succession  of  notes  before  this  sense  of  completeness 
attained.     1) liferent  chorda  of  the  same  key  may  ho  made  to  follow  each 
other^  or  by  transition- notes,  may  pass  to  the  chords  of  other  keys.     Ea 
key  has  its  fundamental  note,  and  the  transition  from  one  key  to  another, 
order  to  be  agreeable  to  the  ear,  must  be  made  in  certain  ways,     Thc^ 
regidar  transitions  constitute  niodnlatitjn,    The  ear  l>ecomes  fatigued  by  Iob 
successions  of  notes  or  chords  always  in  one  key,  and  moilulation  Is  essentii 
to  the  enjoyment  of  elaborate  nmsical  compositions;  otherwise  the  not 
would  not  only  become  monotonous,  but  their  correct  appreciation  would  be 
impaired,  as  the  appreciation  of  colors  becomes  less  distinct  after  looking  fo^_ 
a  long  time  at  an  object  presenting  a  single  vivid  tint,  fl 

Laws'  uf  Sonorous  ViMmiiofiM, — Sound  is  produced  by  vibrations  in  a 
ponderable  medium  ;  and  the  sounds  ordinarily  heard  are  transmitted  to  the 
enr  by  means  of  vibrations  of  the  atmosphere.  A  simple  and  very  common 
illustration  of  this  fact  is  afforded  !>y  the  ex{>erinient  of  striking  a  Ik'U  car 
fully  arranged  ifi  micifo.  Although  the  stroke  and  the  vibration  can  readi 
be  seen,  there  is  no  sound ;  and  if  air  be  gradually  introduced,  the  sound 
become  appreciable,  and  progressively  more  intense  as  the  surround ir 
medium  is  increased  in  density.  The  oscillations  of  sound  are  to  and  fro  in 
the  direction  of  the  line  of  conduction  and  are  said  to  be  longitudinaL 
tht5  undulatory  theory  of  light,  the  vibrations  ai'e  supposed  to  be  at  righ 
angles  to  the  line  of  propagation,  or  transversal.  A  complete  oscillation 
and  fro  is  called  a  sound- wave. 

It  is  evident  that  vibrating  bodies  may  be  made  to  perform  and  impart 
the  atmosphere  oscillations  of  greater  or  less  amplitude.     The  intensity 
sound  is  in  proportion  to  the  amplitude  of  the  vibrations.     In  a  vibratin 
Iwdy  capable  of  producing  a  detiiiite  number  of  waves  of  sound  in  a  secom 
it  is  evident  that  the  greater  the  amplitude  of  the  wave,  the  greater  is  th 
velocity  of  the  particles  thrown  into  viliration.     It  lias  been  ascertaincMl  tlia 
there  is  an  invariable  mathcnuitical  relation  between  t\m  intensity  of  sound, 
the  velocity  of  the  conducting  particles  and  the  amplitude  of  the  waves;  and 
tliis  is  expressed  by  the  formula,  that  the  intensity  is  proportional  to  the 
square  of  the  amplitude.     It  is  esident,  also,  that  the  intensity  of  sound  is 
diminished  by  distance.     The  sound,  lis  the  waves  recede  from  the  sonorous 
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body,  becomes  distributed  over  an  increased  area.  The  propagation  of  sound 
has  been  reduced  also  to  the  formula,  that  the  intensity  diminishes  in  f)ro- 
portion  to  the  square  of  the  distance. 

Sonorous  vibrations  are  subject  to  many  of  the  laws  of  reflection  of  light. 
Sound  may  be  absorbed  by  soft  and  non-vibrating  surfaces,  in  the  same  way 
that  certain  surfaces  aborb  the  rays  of  light.  By  carefully  arranged  convex 
surfaces,  the  waves  of  sound  may  readily  be  collected  to  a  focus.  These  laws 
of  the  reflection  of  sonorous  waves  explain  echoes  and  the  conduction  of 
sound  by  confined  strata  of  air,  as  in  tubes.  To  make  the  parallel  between 
sonorous  and  luminous  transmission  more  complete,  it  has  been  ascertained 
that  the  waves  of  sound  may  be  refracted  to  a  focus,  by  being  made  to  pass 
through  an  acoustic  lens,  as  a  balloon  filled  with  carbon  dioxide.  The  waves 
of  sound  may  also  be  deflected  around  solid  bodies,  when  they  produce  what 
have  been  called  by  Tyndall,  shadows  of  sound. 

Any  one  observing  the  sound  produced  by  the  blow  of  an  axe  can  note 
the  fact  that  sound  is  transmitted  with  much  less  rapidity  than  light.  At  a 
short  distance  the  view  of  the  body  is  practically  instantaneous ;  but  there  is 
a  considerable  interval  between  the  blow  an4  the  sound.  This  interval  re- 
presents the  velocity  of  sonorous  conduction.  This  fact  is  also  illustrated  by 
the  interval  between  a  flash  of  lightning  and  the  sound  of  thunder.  The 
velocity  of  sound  depends  upon  the  density  and  elasticity  of  the  conducting 
medium.  The  rate  of  conduction  of  sound,  by  atmospheric  air  at  the  freezing- 
point  of  water,  is  about  1,090  feet  (332  metres)  per  second.  This  rate  pre- 
sents comparatively  slight  variations  for  the  different  gases,  but  it  is  very 
much  more  rapid  in  liquids  and  in  solids. 

JV'o/^e  and  Musical  Sounds, — There  is  a  well  defined  physical  as  well  as 
an  aesthetic  distinction  between  noise  and  music.  Taking  as  examples,  sin- 
gle sounds,  a  sound  becomes  noise  when  the  air  is  thrown  into  confused  and 
irregular  vibrations.  A  noise  may  be  composed  of  musical  sounds,  when 
these  are  not  in  accord  with  each  other,  and  sounds  called  musical  are  not 
always  entirely  free  from  discordant  vibnitions.  A  noise  possesses  intensity, 
varying  with  the  amplitude  of  the  vibrations,  and  it  may  have  different 
qualities  depending  upon  the  form  of  its  vibrations.  A  noise  may  be  called 
dull,  sharp,  ringing,  metallic,  hollow  etc.,  these  terms  expressing  qualities 
that  are  readily  understood.  A  noise  may  also  be  called  sharp  or  low  in 
pitch,  as  the  rapid  or  slow  vibrations  predominate,  without  answering  the 
requirements  of  musical  sounds. 

A  musical  sound  consists  of  vibrations  following  each  other  at  regular  in- 
tervals, provided  that  the  succession  of  waves  be  not  too  slow  or  too  rapid. 
When  the  vibrations  are  too  slow,  there  is  an  appreciable  succession  of  im- 
pulses, and  the  sound  is  not  musical.  When  they  are  too  rai)id,  the  sound 
is  excessively  sharp,  but  it  is  painfully  acute  and  has  no  \)\iv\\  that  can  be  ac- 
curately determined  by  the  auditory  apparatus.  Such  sounc^s  may  be  occa- 
sionally employed  in  musical  compositions,  but  in  themselves  they  are  not 
strictly  musical. 

Musical  sounds  have  the  characters  of   duration,  intensity,  i)itch  and 
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quality.  Duration  deprnds  simply  upon  the  length  of  time  diiritig  which 
the 'vibrating  body  continues  in  action.  Intensity  depends  npon  the  ampli- 
tude of  the  vibrations,  and  it  has  no  relation  whatscK^ver  to  pitch.  Pitch  de* 
pends  absolutely  upon  the  ra|Hdity  of  the  regular  vibnitions,  and  quality, 
upon  the  combinations  of  different  notes  in  harmony,  the  eharacter  of  the 
harmonics  of  fundamental  tones  and  the  form  of  the  vibrations. 

Pitch  fff  Musiml  Sounds. — Pitch  depends  upon  the  numl>er  of  vibrations, 
A  musical  sound  may  be  of  greater  or  less  intensity;  it  nuiy  at  first  l>e  quito 
loud  and  gradually  die  away;  but  the  number  of  vibnitions  in  a  definite  not© 
is  invariable,  be  it  weak  or  powerful.  The  rapidity  of  the  conduction  of 
sound  does  not  vary  with  its  luteniiity  »r  pitch,  and  in  t!ic  harmonious  com- 
hitiation  of  the  rounds  of  different  instruments,  be  they  high  or  low  in  pitchy 
intense  or  feeble,  it  is  always  the  same  in  the  same  conducting  medium. 
Distinct  musical  notes  may  present  a  great  variety  of  qualities,  but  all  notes 
of  the  sjime  pitch  have  absolutely  equal  nites  of  vibration.  Note«  equal  in 
pitch  are  said  t<3  bo  in  unison.  An  educated  ear  can  distinguish  slight  differ- 
ences in  pitch  in  ordinary  musical  notes;  but  this  power  of  appreciation  of 
pitch  is  restricted  within  well  Jetined  limits,  which  vary  slightly  in  ditferent 
individuals.  According  to  Helm  hoi  tz,  the  range  of  sounds  that  can  be  legit- 
imately employed  in  music  is  between  40  and  4,000  vibrations  in  a  second^ 
enxbracing  about  seven  octaves.  In  an  orchestra  the  double  bass  gives  the 
lowest  note,  wldcb  has  40-25  vibratirms  in  a  second,  and  the  highest  mote, 
given  by  the  small  flute,  has  4,752  vibrations.  In  grand  organs  there  is  a 
pipe  which  gives  a  note  of  IG'5  vibrations,  and  the  deejiest  note  of  modern 
pianos  has  27*5  vibrations ;  but  delicate  shades  of  pitch  in  the^e  low  noiea 
are  not  appreciable  to  most  persons.  Hounds  above  the  limits  just  indicaiecl 
are  painfully  sharp,  and  their  pitch  can  not  be  exactly  appreciated  by  the 
ear. 

^ftfsiml  Srale.-^A  knowlcilgc  of  the  relations  of  different  notes  to  each 
other  lies  at  the  foundation  of  the  science  of  music ;  and  without  a  clear 
idea  of  certain  of  the  fundamental  laws  of  music,  it  is  impossible  to  thor- 
oughly comprehend  the  mecliaiusm  of  audition. 

It  requires  very  little  cultivation  of  tlie  ear  to  enable  one  to  eompi^ehend 
the  fact  that  the  successions  and  combinations  of  notes  must  obey  certaia 
fixed  laws ;  and  long  before  these  laws  were  subjects  of  mathematical  demon- 
stration, the  relations  of  the  dilfereut  notes  of  the  scale  were  established, 
merely  because  certain  successions  and  combinations  were  agreeable  to  the 
ear,  while  others  were  discordant  and  apparently  unnatural. 

The  most  convenient  sounds  for  study  arc  those  produced  by  vibrating 
strings,  and  the  phenomena  here  observer!  are  esgentially  the  same  for  all 
musical  sounds;  for  it  is  by  meims  of  vibrations  communicated  to  the  air 
tliut  the  waves  of  sound  find  tiieir  way  to  the  auditory  apparatus.  Take,  to 
begin  with,  a  string  vibrating  48  times  in  a  second.  If  this  string  be  divided 
into  two  equal  parts,  each  part  will  vibrate  96  times  in  a  second.  The  note 
thus  produced  is  the  octave,  or  the  8th  of  the  primary  note,  called  the  8th, 
because  the  natural  scale  contains  eight  notes,  of  which  the  first  is  the  low* 


LAWS  OF  SONOROUS  VIBRATIONS.  741 

eety  and  the  last,  the  highest  The  half  may  be  divided  again,  producing  a 
second  octave,  and  so  on,  within  the  limits  of  appreciation  of  musical  sounds. 
If  the  string  be  divided  so  that  f  of  its  length  will  vibrate,  there  are  72  vibra- 
tions in  a  second,  and  this  note  is  the  5th  in  the  scale.  If  the  string  be 
divided  again,  so  as  to  leave  f  of  its  length,  there  are  60  vibrations,  which 
give  the  3d  note  in  the  scale.  These  are  the  most  natural  subdivisions  of 
the  note ;  and  the  1st,  3d,  5th  and  8th,  when  sounded  together,  make  what 
is  known  as  the  common  major  chord.  Three-fourths  of  the  lengtli  of  the 
original  string  make  64  vibrations,  and  give  the  4th  note  in  the  scale. 
With  }  of  the  string,  there  are  54  vibrations,  and  the  note  is  the  2d  in  the  scale. 
With  i  of  the  string,  there  are  80  vibrations,  or  the  6th  note  in  the  scale. 
With  3^  of  the  string,  there  are  90  vibrations,  or  the  7th  note  in  the  scale. 
The  original  note,  which  may  be  called  C,  is  the  key-note,  or  the  tonic.  In 
this  scale,  which  is  called  the  natural,  or  diatonic,  there  is  a  regular  mathe- 
matical progression  from  the  1st  to  the  8th.  This  is  called  the  major  key. 
Melody  consists  in  an  agreeable  succession  of  notes,  which  may  be  assumed, 
for  the  sake  of  simplicity,  to  be  pure.  In  a  simple  melody  every  note  must 
be  one  of  those  in  the  scale.  When  a  different  note  is  sounded,  the  melody 
passes  into  a  key  which  has  a  different  fundamental  note,  or  tonic,  with  a 
different  succession  of  3ds,  5ths  etc.  Every  key,  therefore,  has  its  1st,  3d, 
5th  and  8th,  as  well  as  the  intermediate  notes.  If  a  note  formed  by  a  string  |- 
the  length  of  the  tonic  instead  of  ^,  be  substituted  for  the  major  3d,  the  key 
is  converted  into  the  minor.  The  minor  chord,  consisting  of  the  1st,  the 
diminished  3d,  the  5th  and  the  8th,  is  perfectly  harmonious,  but  it  has  a 
quality  quite  different  from  that  of  the  major  chord.  The  notes  of  a  melody 
may  progress  in  the  minor  key  as  well  as  in  the  major.  Taking  the  small 
numbers  of  vibrations  merely  for  convenience,  the  following  is  the  mode  of 
progression  in  the  natural  scale,  which  may  be  assumed  to  be  the  scale  of  0 
major : 

let.       2d.       3d.      4th.     5th.      6th.    7th.      8th. 

Note CDEPGABC 

Lengths  of  the  string IJ^fiiViri 

Number  of  vibrations 48      54      60      64      72      80     90       90 

The  intervals  between  the  notes  of  the  scale,  it  is  seen,  are  not  equal. 
The  smallest,  between  the  3d  and  4th  and  the  7th  and  8th,  are  called  semi- 
tones. The  other  intervals  are  either  full  perfect  tones  or  small  perfect 
tones.  Although  there  are  semitones,  not  belonging  to  the  key  of  C,  between 
C  and  D,  D  and  E,  F  and  G,  G  and  A,  and  A  and  B,  these  intervals  are  not 
all  composed  of  exactly  the  same  number  of  vibrations ;  so  that,  taking  the 
notes  on  a  piano,  with  D  as  the  tonic,  the  5th  would  be  A.  It  is  assumed 
that  D  has  54  vibrations,  and  A,  80,  giving  a  difference  of  2G.  With  C  as 
the  tonic  and  G  as  the  fifth,  there  is  a  difference  of  24.  It  is  on  account  of 
these  differences  in  the  intervals,  that  each  key  in  music  has  a  more  or  less 
peculiar  and  distinctive  character. 

Even  in  melody,  and  still  more  in  harmony,  in  long  compositions,  the  ear 
becomes  fatigued  by  a  single  key,  and  it  is  necessary,  in  order  to  produce  the 
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most  pkniding  effects,  to  change  the  touic,  by  what  is  called  modulation,  re- 
txiraing  afterward  to  the  original  key. 

(JtHili/tf  vf  MuHicnl  SouHfis.—l^v^Th  all  musical  sounds,  which  seem  at 
first  to  be  simple,  can  be  Resolved  Into  certain  well  defined  cou^titnents ;  but 
with  the  exception  of  the  notes  of  great  stopped  pipes  in  the  organ,  there  are 
few  absolutely  simple  sounds  used  in  music.  These  simple  sounds  are  pure, 
but  are  of  an  unsitisfactory  quality  and  wanting  in  richness.  Almost  all 
other  musical  sounds  have  a  fundamental  tone,  which  is  at  once  recognized; 
but  this  tone  is  accompanied  by  harmonics  caused  by  secondary  vibrations  of 
Bubdi visions  of  the  sonorous  body.  The  number,  pitcli  and  intensity  of  these 
harmonic,  or  aliquot  vibmtions  affect  what  is  called  the  quality,  or  timbre  of 
musical  notes,  by  modifying  the  form  of  the  sonorous  waves,  A  string  vi- 
brating a  certain  number  of  times  in  a  second,  if  the  vibrations  were  abso* 
lutely  simple,  would  produce,  a<::curding  to  the  laws  of  vibrating  bodies  a 
simple,  musical  tone;  but  as  the  string  sub<livides  itself  into  tlifferent  por- 
tions, one  of  which  gives  the  3d,  another,  the  5th,  and  so  on,  of  the  funda- 
mental tone,  it  is  evident  that  the  form  of  the  vibrations  must  be  consid- 
erably modified,  aud  with  these  modifications  in  form,  the  quality,  or  timbro 
of  the  note  is  changed. 

From  what  has  just  been  stMed,  it  follows  that  nearly  all  niusiciil  notes 
consist,  not  only  of  a  fundamental  sound,  but  of  harmonic  vibrations,  sub- 
ordinate to  the  fundamental  aud  qualifying  it  in  a  particular  way.  These 
harmonics  may  he  feeble  or  intense ;  certain  of  them  may  predominate  over 
others;  some  tliat  are  usually  present  may  be  eiiuiinated ;  and  in  short,  thei'e 
may  be  a  great  diversity  in  tlieir  arrangement,  and  thus  the  timbre  may  pre- 
sent an  infinite  variety.  This  is  one  of  the  elements  entering  into  the  com- 
position of  notes,  and  it  affords  a  partial  explanation  of  quality. 

Another  element  in  the  quality  of  notes  depends  upon  their  re-enforce- 
ment by  resonance.  The  vibrations  of  a  stretched  string  not  connected  with 
a  resotuiut  body  are  almost  inaudible.  In  musical  instruments  the  sound  ia 
taken  up  by  some  mechanical  arrangement,  iis  the  sound-board  of  the  organ, 
piano,  violin,  harp  or  guitar.  In  the  violin,  for  example,  the  sweetness  of 
the  notes  depends  chiefly  upon  the  construction  of  the  resonant  part  of  the 
iuf^trumcut,  and  but  little  upon  the  strings  themselves,  which  latter  tire 
frequently  changed ;  and  tht*  same  is  true  of  the  human  voiee. 

In  addition  to  the  harmonic  tones  of  sonorous  bodies,  various  discordant 
sounds  are  generally  present,  which  modify  the  timbre,  producing,  usually,  a 
certain  rougbness,  such  as  the  grating  of  a  violin-bow,  the  friction  of  the 
columns  of  air  against  the  angles  in  wind-instruments,  etc.  All  of  thea^ 
conditions  have  their  effect  upon  the  quality  of  tones;  and  these  discordant 
sounds  may  exist  in  infinite  number  and  variety^  Tiiese  sounds  arecom]x>sed 
of  irregular  vibrations  aud  consequently  are  inharmonious.  Nearly  all  notes 
that  are  spoken  of  in  general  terms  as  musical  are  comjjosed  of  musical,  or 
harmonic,  aliquot  tones  with  the  iliscordant  elements  to  which  allusion  has 
just  been  made. 

Aside  from  the  relations  of  the  various  component  parts  of  musical  notes^ 
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the  quality  depends  largely  upon  the  form  of  the  vibrations.  To  quote  the 
words  of  Helmholtz,  "  the  more  uniformly  rounded  the  form  of  the  wave, 
the  softer  and  milder  is  the  quality  of  the  sound.  The  more  jerking  and 
angular  the  wave-form,  the  more  piercing  the  quality.  Tuning-forks,  with 
their  rounded  forma  of  wave,  have  an  extraordinarily  soft  quality ;  and  the 
qualities  of  sound  generated  by  the  zither  and  violin  resemble  in  harshness 
the  angularity  of  their  wave-forms." 

Harmonics^  or  Overtones, — As  before  stated,  nearly  all  sounds  are  compos- 
ite, but  some  contain  many  more  aliquot,  or  secondary  vibrations  than  others. 
The  notes  of  vibrating  strings  are  peculiarly  rich  in  harmonics,  and  these 
may  be  used  for  illustration,  remembering  that  the  phenomena  here  observed 
have  their  analogies  in  nearly  all  varieties  of  musical  sounds.  If  a  stretched 
string  be  made  to  vibrate,  the  secondary  tones,  which  qualify  the  funda- 
mental, are  called  harmonics,  or  overtones. 

While  it  is  difficult  at  all  times  to  distinguish  by  the  ear  the  individual 
overtones  of  vibrating  strings,  their  existence  can  be  demonstrated  by  certain 
simple  experiments.  Take,  for  example^  a  string,  the  fundamental  tone  of 
which  is  C.  If  this  string  be  damped  with  a  feather  at  one-fourth  of  its 
length  and  a  violin-bow  be  drawn  across  the  smaller  section,  not  only  the 
fourth  part  of  the  string  across  which  the  bow  is  drawn  is  made  to  vibrate, 
but  the  remaining  three-fourths ;  and  if  little  riders  of  paper  be  placed  upon 
the  longer  segment  at  distances  equal  to  one-fourth  of  the  entire  string,  they 
will  remain  undisturbed,  while  riders  placed  at  any  other  points  on  the  string 
will  be  thrown  off.  This  experiment  shows  that  the  three-fourths  of  the 
string  have  been  divided.  This  may  be  illustrated  by  connecting  one  end  of 
the  string  with  a  tuning-fork.  When  this  is  done  and  the  string  is  brought 
to  the  proper  degree  of  tension,  it  will  first  vibrate  as  a  whole,  then,  when  a 
little  tighter,  will  spontaneously  divide  into  two  equal  parts,  and  under  in- 
creased tension,  into  three,  four,  and  so  on.  By  damping  a  string  with  the 
light  touch  of  a  feather,  it  is  possible  to  suppress  the  fundamental  tone  and 
bring  out  tlie  overtones,  which  exist  in  all  vibrating  strings  but  are  usually 
concealed  by  the  fundamental.  The  points  which  mark  the  subdivisions  of 
the  string  into  segments  of  secondary  vibrations  are  called  nodes.  When  the 
string  is  damped  at  its  centre,  the  fundamental  tone  is  quenched  and  there 
are  overtones  an  octave  above ;  damping  it  at  a  distance  of  one-fourth,  there 
is  the  second  octave  above,  and  so  on.  When  the  string  is  damped  at  a  dis- 
tance of  one-fifth  from  the  end,  the  four-fifths  sound  the  3d  of  the  funda- 
mental, with  the  second  octave  of  the  3d.  If  it  be  damped  at  a  distance  of 
two-thirds,  there  is  the  5th  of  the  fundamental,  with  the  octave  of  the  5th. 
Every  vibrating  string  thus  possesses  a  fundamental  tone  and  overtones. 
Qualifying  the  fundamental  there  is  first,  as  the  most  simple,  a  series  of 
octaves;  next,  a  series  of  5th8  of  the  fundamental  and  their  octaves;  and 
next,  a  series  of  3d8.  These  are  the  most  powerful  overtones,  and  they  form 
the  common  chord  of  the  fundamental ;  but  they  are  so  far  concealed  by  the 
greater  intensity  of  the  fundamental,  that  they  can  not  easily  be  distinguished 
by  the  unaided  ear,  unless  the  fundamental  be  quenched  in  some  way.     In 
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the  same  way  the  harmonic  oths  and  3ds  overjiowor  other  overtones;  for  the 
string"  is  subdivided  a^^ain  und  again  into  overtones,  whitih  arc  not  harmonious 
like  the  notes  of  the  eonnnon  chord  of  the  fundamenUil. 

The  presence  of  overtones,  residtant  tones  and  additioiml  tones,  which 
latter  will  be  described  hereafter,  can  be  demonstrat-ed,  without  damping  the 
strings,  by  resonators.  It  is  well  known  that  if  a  glass  tube,  closed  at  one 
end,  which  contains  a  column  of  air  of  a  certain  length,  be  brought  near  a 
resounding  body  emitting  a  note  identical  with  that  produced  by  the  vibra- 
tions of  the  column  of  air,  the  air  in  the  tube  will  resound  in  consonance 
witli  the  note,  while  no  other  note  will  have  this  effect,  llie  resonators  of 
llelmholtz  are  constructed  upon  this  principle.  A  glass  g!ol)e  or  tube  (Fig. 
207)  is  constructed  so  as  to  produce  a  certain  note.  This  has  a  lai*ger  open- 
ing (a)  and  a  smaller  opening  (b),  which  latter  is  fitted  in  the  ear  by  warm 
sealing-wax,  the  other  ear  being  closed.  When  the  proper  note  is  sounded, 
it  is  re-enforced  by  the  resonator  and  is  gre^itly  increased  in  intensity,  while 
all  other  notes  are  heard  very  faintly.  By  using  resonators  graduated  to  the 
musical  scale,  it  is  easy  to  analyze  a  note  atul  distinguish  its  overtones.  The 
resonators  of  Helnilioltz,  which  are  open  at  the  larger  extremity,  are  much 
more  delicate  than  those  in  which  this  is  closed  by  a  membmne. 

A  very  striking  and  instructive  point  in  the  present  discussion  is  the  fol-  . 
lowing;  All  the  overtones  are  ]iroduced  by  vibrations  of  divisions  of  the 
string,  included  between  the  comparatively  still  points,  called  umles;  and  if 
a  string  be  thrown  into  vibration  by  plucking  or  striking  it  at  one  of  the-se 

nodal  points,  the  overtones 
which  viljrate  from  this 
node  at  a  fixed  point  are 
abolished.  It  is  readily 
understood  that  when  a 
string  is  plucked  at  any 
point,  it  will  vibrate  so  vig- 
orously at  this  point  that 
no  node  can  be  formed. 
This  fact  hiis  long  been 
recogiuzed  by  practical 
musicians,  although  many 
are  probably  unacquainted 
with  its  scientific  explana- 
tion. Performers  upon 
stringed  instruments  ha- 
bitually attack  the  strings  near  their  extremities  In  the  piano,  where  the 
strings  may  be  struck  at  almost  any  point,  the  hammers  are  placed  at  a  dis- 
tance of  i  t*j>  I  of  the  length  of  the  strings,  from  their  extremities;  and  it  has 
been  ascertained  by  experience  that  this  armngement  gives  the  richest  notea. 
The  nodes  formed  at  these  points  would  produce  the  Tths  and  Oths  as  over- 
tones, which  do  not  belong  to  the  perfect  major  chord,  wJiile  tlie  node«  for 
the  harmonious  overtones  are  undisturbed.     The  reason,  then,  why  the  notes 
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are  richer  and  more  perfect  when  the  strings  are  attacked  at  this  point,  is 
that  the  harmonious  overtones  are  full  and  perfect,  and  certain  of  the  dis- 
cordant overtones  are  suppressed. 

When  two  harmonious  notes  are  produced  under  favorable  conditions, 
one  can  hear,  in  addition  to  the  two  sounds,  a  sound  differing  from  both  and 
much  lower  than  the  lower  of  the  two.  This  sound  is  too  low  for  a  har- 
monic, and  it  has  been  called  a  resultant  tone.  The  formation  of  a  new 
sound  by  combining  two  sounds  of  different  pitch  is  analogous  to  the  blend- 
ing of  colors  in  optics,  except  that  the  primary  sounds  are  not  lost.  The 
laws  of  the  production  of  these  resultant  sounds  are  very  simple.  When  two 
notes  in  harmony  are  sounded,  ihe  resultant  tone  is  equal  to  the  difference 
between  the  two  primaries.  For  example,  C,  with  48  vibrations,  and  its  5th, 
with  72  vibrations  in  a  second,  give  a  resultant  tone  equal  to  the  difference, 
which  is  24  vibrations,  and  it  is  consequently  the  octave  below  C.  These  result- 
ant tones  are  very  feeble  as  compared  with  the  primary  tones,  and  they  can 
be  heard  under  only  the  most  favorable  experimental  conditions.  In  addition 
to  these  sounds,  Helmholtz  has  discovered  sounds,  even  more  feeble,  which  he 
calls  additional,  or  summation  tones.  The  value  of  these  is  equal  to  the  sum 
of  vibrations  of  the  primary  tones.  For  example,  C  (48)  and  its  5tli  (72) 
would  give  a  summation  tone  of  120  vibrations,  or  the  octave  of  the  3d ;  and 
C  (48)  with  its  3d  (60)  would  give  108  vibrations,  the  octave  of  the  2d. 
These  tones  can  be  distinguished  by  means  of  resonators. 

It  is  thus  seen  that  musical  sounds  are  complex.  With  single  sounds 
there  is  an  infinite  variety  and  number  of  harmonics,  or  overtones,  and  in 
chords  there  are  series  of  resultants,  which  are  lower  than  the  primary 
notes,  and  series  of  additional,  or  summation  tones,  which  are  higher ;  but 
both  the  resultant  and  the  summation  tones  bear  exact  mathematical  relations 
to  the  primary  notes  of  the  chord. 

Harmony, — Overtones,  resultant  tones  and  summation  tones  of  strings 
have  been  discussed  rather  fully,  for  the  reason  that  in  studying  the  physiol- 
ogy of  audition,  it  will  be  seen  that  the  ear  is  capable  of  recognizing  single 
sounds  or  successions  of  single  sounds ;  but  at  the  same  time  certain  com- 
binations of  sounds  are  appreciated  and  are  even  more  agreeable  than  those 
which  are  apparently  produced  by  simple  vibrations.  Combinations  of  tones 
which  thus  produce  an  agreeable  impression  are  called  harmonious.  They 
seem  to  become  blended  with  each  other  into  a  complete  sound  of  peculiar 
quality,  all  of  the  different  vibrations  entering  into  their  composition  being 
simultaneously  appreciated  by  the  ear.  The  blending  of  tones  which  bear 
to  each  other  certain  mathematical  relations  is  called  harmony ;  but  two  or 
more  tones,  though  each  one  be  musical,  arc  not  necessarily  harmonious. 
The  most  prominent  overtone,  except  the  octave,  is  the  5tli,  with  its  octaves, 
and  this  is  called  the  dominant.  The  next  is  the  3d,  with  its  octaves.  The 
other  overtones  are  comparatively  feeble.  Reasoning,  now,  from  a  knowledge 
of  the  relations  of  overtones,  it  might  be  inferred  that  the  re-enforcement 
of  the  5th  and  3d  by  other  notes  bearing  similar  relations  to  the  tonic  would 
be  agreeable.    This  is  the  fact,  and  it  was  ascertained  empirically  long  before 
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the  pleasing  impression  prodiiead  by  such  combiuations  was  explained  mathe- 
mutically. 

It  is  a  law  in  music  that  the  more  simple  the  mtio  between  the  number 
of  vibrations  in  two  eonnds,  the  more  perfect  is  the  harmony.  The  simplest 
relation,  of  course,  is  1 : 1,  when  the  two  sounds  are  said  to  be  in  unison.  The 
next  in  order  is  1  :  2.  In  sounding  C  and  its  8th,  for  example,  there  are  48 
vibrations  of  one  to  9G  of  the  other  Thei?e  sounds  can  produce  no  discord, 
because  the  waves  never  interfere  with  each  other,  and  the  two  sounds  can  be 
prolonged  indefinitely,  always  maintaining  the  same  relations.  The  combined 
impression  is  therefore  continuous.  The  next  in  order  is  the  1st  and  5th, 
their  relations  being  2  :  11,  In  other  wordB,  with  the  1st  and  5th,  for  two 
waves  of  the  Isfc  there  are  three  waves  of  the  5th,  The  two  sounds  may  tlius 
progress  indefinitely,  for  the  waves  coincide  for  every  second  wave  of  the  1st 
and  every  third  wave  of  the  5th.  The  next  in  order  is  the  3d.  The  3d  of 
C  has  the  8th  of  C  for  its  5th,  and  the  5th  of  C  for  it5  minor  3d.  The  1st, 
3d,  5th  and  Htli  form  the  common  major  chord  ;  and  the  waves  of  each  tone 
blend  with  eiu^h  otiier  at  such  short  intervals  of  time  that  the  e4ir  experiences 
a  continuous  impression,  and  no  discord  m  appreciated.  This  explanation  of 
the  common  major  chord  illustnites  the  law  that  the  .smaller  the  ratio  of  vi- 
bration between  different  tones,  the  more  perfect  is  their  harmony.  Sounded 
with  the  1st,  the  4th  is  more  harmonious  than  the  3d;  bat  its  want  of  har- 
mony with  the  5th  exclndes  it  from  the  common  chord.  The  1st,  4th  and 
8th  are  harmonious,  but  to  make  a  complete  chord  the  Gth  must  Ije  added* 

Dismnh. — A  knowledge  of  the  meclumism  of  simple  accords  leads  natu- 
rally to  a  comprehension  of  the  rationale  of  discords.  The  fact  that  certain 
combinations  of  musical  notes  produce  a  disagreeable  impression  was  sscer* 
tained  empirically,  with  no  knowledge  of  the  exact  cause  of  the  dissonance; 
but  the  mechanism  of  discord  may  now  be  regarded  as  settled. 

The  sounds  produced  by  two  tuning-forks  giving  precisely  the  same  num- 
ber of  vibrations  in  a  second  are  in  perfect  unison.  If  one  of  the  forks  be 
loaded  with  a  bit  of  wax,  so  that  its  vibrations  are  slightly  reduced,  and  if 
both  be  put  in  vibration  at  the  same  instant,  there  is  discord.  Taking  the 
illustnition  given  by  Tyndall,  it  may  be  assumed  that  one  fork  has  25f],  and 
tlie  other,  255  vibrations  in  a  second.  While  these  two  forks  are  vibrating, 
one  is  gradually  gaining  upon  the  otiier;  but  at  the  end  of  half  a  second,  one 
will  have  made  1*^8  vibrations,  while  the  other  will  have  made  l*^*'^.  At  this 
point  the  two  waves  are  moving  in  exactly  op{>osite  direi-tions ;  and  as  a  con- 
sequence, tlie  sounds  neuti*aliie  each  other,  and  there  is  an  instant  of  silence. 
The  perfect  sounds,  as  the  two  forks  continue  to  vibrate,  are  thus  alternately 
re-enforce*^l  and  diminished,  and  this  produces  what  is  known  in  music  as  beati;. 
As  the  difference  in  the  number  of  vibrations  in  a  second  is  one,  the  instants 
of  silence  occur  once  in  a  second ;  and  in  this  illustration  the  beats  occur 
once  a  second.  Unison  takes  place  when  two  sounds  C4in  follow  each  other 
indefinitely,  their  waves  blending  perfectly ;  and  dissonance  is  marked  by 
successive  beat«,  or  pulses.  If  the  forks  be  loaded  so  that  one  will  vibrate 
240  times  in  a  second,  and  the  other  5^34,  there  will  be  six  times  in  a  second 
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when  the  interference  will  be  manifest ;  or  in  other  words  in  ^  of  a  second, 
one  fork  will  make  40  vibrations,  while  the  other  is  making  39.  This  will 
give  6  beats  in  a  second.  From  these  experiments  the  law  may  be  deduced, 
that  the  number  of  beats  produced  by  two  tones  not  in  harmony  is  equal  to 
the  difference  between  the  two  rates  of  vibration.  An  analogous  interference 
of  undulations  is  observed  in  optics,  when  waves  of  light  are  made  to  inter- 
fere and  produce  darkness. 

It  is  evident  that  the  number  of  beats  will  increase  as  two  discordant 
notes  are  produced  higher  and  higher  in  the  scale.  According  to  Helmholtz, 
the  beats  can  be  recognized  up  to  132  in  a  second.  Beyond  that  point  they 
become  confused,  and  there  is  only  a  general  sensation  of  dissonance.  Beats, 
then,  are  due  to  interference  of  sound-waves.  There  is  no  interference  of  the 
waves  of  tones  in  unison,  provided  that  waves  start  at  the  same  instant ;  the 
intensity  of  the  sound  being  increased  by  re-enforcement.  The  differences 
between  the  1st  and  8th,  the  1st  and  5th,  the  Ist  and  3d,  and  other  harmo- 
nious combinations,  is  so  great  that  there  are  no  beats  and  no  discord,  the 
more  rapid  waves  re-enforcmg  the  harmonics  of  the  primary  sound.  It  is 
important  to  remember  in  this  connection,  that  resultant  tones  are  equal  to 
the  difference  in  the  rates  of  vibration  of  two  harmonious  tones.  Taking  a 
note  of  240  vibrations,  and  its  5th,  with  360  vibrations,  these  two  have  a 
difference  of  120,  which  is  the  lower  octave  of  the  1st  and  is  an  harmonious 
tone. 

It  is  evident  that  the  laws  just  stated  are  applicable  to  overtones,  resultant 
tones  and  additional  tones,  which,  like  the  primary  notes,  have  their  beats 
and  dissonances. 

ToTies  by  Influence, — After  what  has  been  stated  in  regard  to  the  laws  of 
musical  vibrations,  it  will  be  easy  to  comprehend  the  production  of  sounds 
by  influence.  If  a  key  of  the  piano  be  lightly  touched,  so  as  to  raise  the 
damper  but  not  to  sound  the  string,  and  then  a  note  be  sung  in  unison,  the 
string  will  return  the  sound,  by  the  influence  of  the  sound-waves  of  the  voice. 
The  sound  thus  produced  by  the  string  will  have  its  fundamental  tone  and 
overtones ;  but  the  series  of  overtones  will  be  complete,  for  none  of  the  nodes 
are  abolished,  as  in  striking  or  plucking  a  string  at  any  particular  point.  If 
instead  of  a  note  in  unison,  any  of  the  octaves  be  sounded,  the  string  will  re- 
turn the  exact  note  sung ;  and  the  same  is  true  of  the  3d,  5th  etc.  If  a 
chord  in  harmony  with  the  undamped  string  be  struck,  this  chord  will  be 
exactly  returned  by  influence.  In  other  words,  a  string  may  be  made  to 
sound  by  influence,  its  fundamental  tone,  its  harmonics  and  harmonious  com- 
binations. To  carry  the  observation  still  farther,  the  string  will  return,  not 
only  a  note  of  its  exact  pitch  and  its  harmonics,  but  notes  of  the  peculiar 
quality  of  the  primary  note.  This  is  a  very  important  point  in  its  applica- 
tions to  the  physiology  of  hearing  and  can  be  readily  illustrated.  Taking 
identical  notes  in  succession,  produced  by  the  voice,  trumpet,  violin,  clarinet 
or  any  other  musical  instrument,  it  can  easily  be  noted  that  the  quality  of  the 
note,  as  well  as  the  pitch,  is  rendered  by  a  resounding  string ;  and  the  same 
is  true  of  combinations  of  notes.     These  laws  of  tones  by  influence  have  been 
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illustmted  by  si  rings  merely  for  the  sake  of  siiTiplieity ;  but  they  have  a  more 
or  less  perfect  ap  pi  i  cut  ion  to  all  bodies  capabltj  of  producing  musical  tone^, 
except  that  some  are  thrown  into  vibration  with  more  ditticulty  than  others 
A  tliin  membrane,  like  a  piece  of  bladder  or  thin  rubber,  stretched  over  n 
circular  orifice,  such  as  the  mouth  of  a  wide  bottle,  may  readily  be  tuned  to 
a  certain  note.  When  arranged  in  this  way,  the  membrane  can  be  made  to 
sound  it«  fundamental  note  by  inHucnce.  In  addition,  tlie  membrane,  like  a 
string,  will  divide  it.self  so  as  to  sound  the  harmonics  uf  the  fundamental, 
and  it  will  likewise  be  thrown  into  vibration  by  the  5thf  3d  etc*,  of  its  funda- 
mental,  thus  obeying  the  laws  of  vibration.s  of  strings,  although  the  har- 
niouic  souuda  are  produced  with  greater  ditticnlty. 

The  account  just  given  of  some  of  the  laws  of  sonorous  vibrations  and 
their  relations  to  musical  elfectii  and  combinations,  although  by  no  means 
complete,  may  seem  rather  extended  for  a  work  on  physiology;  but  it  should 
be  borne  in  mind  that  the  mechanism  of  the  appreciation  of  musical  sounds 
includes  the  eiitirc  physiology  of  autlition.  Thia  subject  can  not  be  compre- 
hcnded  without  a  general  knowledge  of  the  physics  of  sound  and  of  some  of 
the  laws  of  harmony ;  for  not  only  is  there  a  perception  of  single  note-s  by 
the  auditory  apparatus,  but  the  most  intricat-e  combinations  of  sounds  in 
harmony  are  all  appreciated  together  and  at  one  and  the  same  instant,  as  will 
be  seen  in  studying  the  action  and  uses  of  ditlerent  parts  concerned  in  audi- 
tion. Many  of  the  laws  of  musical  combinations  are  directly  applicable  to 
the  physiology  of  hearing. 

V&m   OF    DiFFEKEXT    pARTS    OF   THE    AUDITORY    ApPARATrS. 

The  uses  of  the  pavilion  and  of  the  external  auditory  meatus  are  suffi- 
ciently apparent,  Tlie  pavilion  serves  to  collect  the  waves  of  sound,  and 
probably  it  inclines  them  toward  the  ext4>rnal  meatus  as  they  come  fmm  vari- 
ous directions.  Although  this  action  is  simple,  it  hiis  a  certain  degree  of 
importance,  and  the  various  curves  of  the  concavity  of  the  pavilion  tend  more 
or  less  to  concentrate  sonorous  vibrations.  Such  hiis  long  been  the  opinion 
of  physiologists,  and  this  seems  to  be  carried  out  by  exjjeriments  in  which 
the  concavities  of  the  external  ear  have  been  obliterated  by  wax.  Thenj 
probably  is  no  resonance  or  vibration  of  much  importance  until  the  waves  of 
sound  strike  the  membrana  tympani.  The  same  reiuarks  may  be  made  with 
regard  to  the  external  auditory  meatus.  It  is  not  known  precisely  how  tha 
oblirjuity  and  the  curves  of  this  canal  affect  the  waves  of  sound,  but  it  is 
probable  that  the  deviation  from  a  straight  course  protects*  to  a  certain 
extent,  the  tympanic  membrane  from  impressions  that  might  otherwise  be 
too  violent. 

Struviure  of  th^  Mmnbrana  Tympani. — The  general  arrangement  of  the 
membrana  tympani  has  alreatiy  been  described  in  connection  with  the  topo- 
graphical anatomy  of  the  auditory  apparatus.  The  membrane  is  elastic, 
about  the  thickness  of  ordinary  gold-beater's  akin,  and  is  subject  to  various 
degrees  of  tension  by  the  action  of  the  muscles  of  the  middle  ear  and  under 
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different  conditions  of  atnioepberic  presgnre  within  and  without  the  tympanic 
cavity.  Its  form  is  nearly  circular;  and  it  has  u  diameter  in  the  adnlt, 
iccording  to  Sappey,  of  a  little  more  tlian  f  of  an  inch  (10  to  11  mm.)  verti- 
cally and  about  f  of  an  inch 
(10  mm.)  antero-jiosteriorly* 
The  exee^  of  the  vertical 
over  the  horizontal  diame- 
ter h  about  ^  of  an  inch 
(Q-5  mm,) 

The  periphery  of  the 
tympanic  membrane  is  re- 
ceived into  a  little  ring  of 
bone,  which  may  be  eepa- 
TAted  by  maceration  in  early 
life,  but  which  is  consoli- 
datal  with  the  ailjacent 
bony  stnictnres  in  the  a*  hi  It 
Thi«  bony  ring  is  incom- 
plete at  iU  gupcrior  portion, 
but  aside  from  this,  it  re- 
Bembles  the  groove  which 
receives  the  crystal  of  a 
watch.  At  the  periphery 
of  the  membrane,  h  a  ring 
of  condensed,  fibrous  tissue, 
which  is  received  into  the 
bony  ring.  This  ring  also 
presents  a  break  at  its  supe- 
rior portion. 

The  concavity  of  tlie 
membrana  tympani  presents 
outward,  and  it  may  be  in- 
I  creased  or  diminished  by 
the  action  of  the  muscles  of  the  middle  ear.  The  point  of  greatest  concav- 
ity, where  the  extremity  of  the  handle  of  the  malleus  is  attached,  is  called 
the  umlw.  Upon  the  inner  surface  of  the  membrane  are  two  |H)«che«,  or 
piwketa.  One  is  formed  by  a  small,  irregular,  triangular  fold,  eituateil  at  the 
up|)er  part  of  its  posterior  half  and  consisting  of  a  proee^  of  the  fibrous 
layer.  This,  which  U  called  the  posterior  pocket,  is  oi)en  below  and  extends 
from  the  posterior  upper  border  of  the  membrane,  to  the  handle  of  the  mal- 
leus, which  it  assists  in  holding  in  position.  ^^  After  it  has  been  divifled,  the 
bone  is  much  more  movable  than  l>efore'*  (Troltsch),  The  anterior  pocket 
is  lower  and  shorter  than  the  posterior.  It  is  formed  by  a  small,  bony  pro- 
ems turned  toward  the  neck  of  the  malleus,  by  the  mucous  membrane,  by  the 
bony  process  of  the  malleus,  by  its  anterior  ligament,  the  chorda  tympani 
and  the  anterior  tympanic  artery.     The  handle  of  the  malleus  is  inserted 
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750 


SPECIAL  SENSIB, 


between  the  two  layers  of  the  fibrous  structure  of  the  membrana  tympani 
atid  occupies  the  upper  half  of  its  vertical  diameter,  extending  from  the  pe- 
ri])hery  to  the  uiubo. 

The  memhrana  tympani,  thougli  tliin  and  tmni^hicent,  presents  three  dis- 
tinct layers.  Its  out^r  layer  is  a  very  thin  exteni^ion  of  the  int*^gument  lining 
the  external  meatus,  presenting,  however^  neither  papillae  nor  glands.  The 
inner  layer  is  a  delicate  conthiuation  of  the  mneoiis  nienibmne  lining  the 
tympanic  cavity  and  is  covered  by  tt^sellated  epitlieliai  cells.  The  fihrons 
portion,  or  lamina  propria,  is  formed  of  two  layers.  The  outer  layer  cimsists 
of  fibres  rat! ia ting  from  the  handle  of  the  malleus  to  the  periphery.  These 
are  best  seen  near  tlie  centre.  The  inner  layer  is  composed  of  circular  fibres, 
which  are  most  abundant  near  the  periphery  and  diminish  in  nural>er  toward 
the  centre. 

The  color  of  the  membnina  tympani,  when  it  is  examined  with  an  aural 
speculum  by  daylight,  is  peculiar^  Hud  it  is  rather  difficult  to  describe,  as  it 
varies  iu  the  normal  ear  in  different  individuals.  Pol itzer  described  the  mem* 
brane,  examined  in  this  way,  as  translucent,  and  of  a  color  which  *'  mc 
nearly  approaches  a  neutral  gray,  mingled  with  a  weaker  tint  of  violet  and 
light  yellowish-brown."  TJiis  color  is  modified,  in  certain  portions  of  the 
membrane,  by  the  chorda  tympani  and  the  bones  of  the  ear,  which  produce 
some  opacity.  The  entire  membrane  in  health  has  a  soft  lustre.  In  addi* 
tion  there  is  seen,  with  proper  illumination,  a  well-marked,  triangular  cone 
of  light,  with  its  apex  at  the  end  of  the  handle  of  the  malleus,  spreading  out 
in  a  downward  and  forward  direction,  and  -^  to  ^  of  an  inch  (1'6 
2*1  mm.)  broad  at  its  base.  This  appeai'ance  is  regarded  by  physiologista  j 
very  important,  as  indicating  a  normal  condition  of  the  membrane.  It  is 
undoubtedly  due  to  reflection  of  light  and  not  to  a  peculiar  stractiire  of  that 
portion  of  the  membmne  upon  which  it  is  seen. 

Uses  of  the  Mettibrann  Ti/mpam. — It  is  unquestionable  that  the  mem* 
brana  tympani  is  very  important  in  aiuHtion.  In  cases  of  disease  in  which 
the  membrane  is  thickened,  perforata. d  or  destroyed,  the  acuteness  of  hearing 
is  always  more  or  less  affected.  That  this  is  in  great  part  due  to  the  absence 
of  a  vibrating  surface  for  the  reception  of  waves  of  sound,  is  shown  by  the 
relief  whi<di  is  experienced  by  those  patients  who  can  tolerate  the  presence  of 
an  artificial  membmne  of  rubber.  As  reganJs  the  mere  acuteness  of  hearing, 
aside  from  the  pitch  of  sounds,  the  explanation  of  the  action  of  the  mem- 
brane is  very  simple.  Sonorous  vibmtions  arc  not  rea<1ily  transmitted  through 
the  atmosphere  to  solid  bodies,  like  the  bones  of  the  ear ;  and  when  they  are 
thus  transmitted  they  lose  considerably  in  intensity.  When,  however,  the 
aerial  vibmtions  are  received  by  a  membrane,  under  the  conditions  of  the 
membrana  tympani,  they  are  tninsmitted  with  very  little  loss  of  intensity; 
and  if  this  membrane  be  connected  with  s<jHd  bodies,  like  the  bones  of  the 
middle  ear,  the  vibrations  are  readily  convoyed  to  the  sensory  portions  of  the 
auditory  apparatus.  The  parts  composing  the  middle  ear  are  well  adapted 
to  the  transmission  of  sonorous  waves  to  the  auditory  nerves.  The  membrane 
of  the  tympanum  is  delicate  in  structure,  stretched  to  the  proper  degree  <A 
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tension,  and  vibrates  under  the  influence  of  the  waves  of  sound.  Attached 
to  this  membrane,  is  the  angular  chain  of  bones,  which  conducts  its  vibra- 
tions, like  the  bridge  of  a  violin,  to  the  liquid  of  the  labyrinth.  The  mem- 
brane is  fixed  at  its  periphery  and  has  air  upon  both  sides,  so  that  it  is  under 
favorable  conditions  for  vibration. 

A  study  of  the  mechanism  of  the  ossicles  and  muscles  of  the  middle  ear 
shows  that  the  membrana  tympani  is  subject  to  certain  physiological  varia- 
tions in  tension,  due  to  the  contraction  of  the  tensor  tympani.  It  is  also  evi- 
dent that  this  membrane  may  be  drawn  in  and  rendered  tense  by  exhausting 
or  rarefying  the  air  in  the  drum.  If  the  mouth  and  nose  be  closed  and  an 
attempt  be  'made  to  breathe  forcibly  by  expanding  the  chest,  the  external 
pressure  tightens  the  membrane.  In  this  condition  the  ear  is  rendered  in- 
sensible to  grave  sounds,  but  high-pitched  sounds  appear  to  be  more  intense. 
If  the  tension  be  removed,  as  may  be  done  by  an  act  of  swallowing,  the  grave 
sounds  are  heard  with  normal  distinctness.  This  experiment,  tried  at  a  con- 
cert, produces  the  curious  effect  of  abolishing  a  great  number  of  the  lowest 
tones,  while  the  shrill  sounds  are  heard  very  acutely.  The  same  phenomena 
are  observed  when  the  external  pressure  is  increased  by  descent  in  a  diving- 
bell. 

Undoubted  cases  of  voluntary  contraction  of  the  tensor  tympani  have 
been  observed  by  otologists ;  and  in  these,  by  bringing  this  muscle  into  action, 
the  limit  of  the  perception  of  high  tones  is  greatly  increased.  In  two  in- 
stances of  this  kind,  recorded  by  Blake,  the  ordinary  limit  of  perception  was 
found  to  be  three  thousand  single  vibrations,  and  by  contraction  of  the  mus- 
cle, this  was  increased  to  five  thousand  single  vibrations. 

The  concave  form  of  the  membrana  tympani  and  the  presence  of  a  bony 
process  between  its  layers,  which  is  part  of  the  chain  of  bones  of  the  middle 
ear,  are  conditions  under  which  it  is  impossible  that  it  should  have  a  single, 
fundamental  tone.  This  has  been  shown  by  expenments  with  stretched 
membranes  depressed  in  their  central  portion  by  means  of  a  solid  rod.  No 
membrane  can  have  a  single,  fundamental  tone  unless  it  be  in  a  condition  of 
uniform  tension,  like  a  string,  and  this  is  impossible  in  the  membrana  tym- 
pani. Nevertheless  the  membrana  tympani  repeats  sounds  by  influence,  and 
it  is  capable  of  repeating  in  this  way  a  much  greater  variety  of  sounds  than 
if  it  had  itself  a  fundamental  tone  and  were  capable  of  a  uniform  degree  of 
tension.  This  has  been  shown  by  experiments  with  stretched,  elastic  mem- 
branes made  to  assume  a  concave  form.  If  the  membrana  tympani  had  a 
single,  fundamental  tone,  it  would  vibrate  by  influence  only  with  certain  tones 
in  unison  with  it,  and  the  overtones  would  be  eliminated.  It  would  then  act 
like  a  resonator  closed  by  a  membrane,  and  the  tone  with  which  it  happened 
to  be  in  unison  would  overpower  all  other  tones.  The  fact  is  that  all  tones, 
the  vibrations  of  which  reach  the  membrane,  are  appreciated  at  their  proper 
value  as  regards  intensity.  Again,  if  the  membrana  tympani  had  its  own 
fundamental  tone,  it  would  have  overtones  of  the  fundamental,  which  would 
produce  errors  and  confusion  in  auditory  appreciation.  The  chain  of  bones, 
also,  attached  to  the  membrane,  acts  as  a  damper  and  prevents  the  persist- 
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ence  of  vibrations  after  the  waves  of  sou  ml  cease  in  the  air.  This  proraion 
enables  mpid  siiceessions  of  sounds  to  be  lUsdnetly  and  acurately  repeated. 

The  iirraiigement  of  the  muscles  and  bones  of  the  middle  ear  is  such  that 
tlie  t/ension  of  tlie  niembmna  tympaiu  may  be  reguhtted  and  gnixluated  with 
great  nicety.  It  does  not  seem  to  be  necessary  to  perfect  audition  that  this 
should  be  done  for  every  single  note  or  combination  of  notes,  but  the  mem- 
brane probably  is  brought  by  voluntary  effort  to  a  definite  degree  of  tension 
for  notet*  within  a  certain  range  as  regards  pitch  or  for  successions  and  pro- 
gressions of  sounds  in  a  particular  key.  As  far  as  the  consciousness  of  thk 
muscular  action  is  concerned,  it  may  be  revealed  only  by  the  fact  of  the  cor- 
rect appreciation  of  certain  musical  sounds.  Some  persons  can  educate  the 
ear  so  as  to  acquire  what  is  called  the  faculty  of  absolute  pitch;  that  is,  with- 
out the  aid  of  a  tuning-fork  or  any  musical  instrument,  they  can  give  the  ex- 
act musical  value  of  any  given  note.  A  ^lossible  explanation  of  this  is  that 
such  persfJUi?  may  have  educated  the  muscles  of  the  ear  so  as  to  put  the  tym- 
panic membrane  in  such  a  condition  of  tciLsion  as  to  respond  to  a  given  not© 
and  to  recognize  the  jmsition  of  this  note  in  the  musical  sca!e.  Finally,  an 
accomplished  musician,  in  conducting  an  orchestra,  can  by  a  voluntary  effort, 
direct  his  attention  to  certain  instruments  and  hciu*  their  notes  distinctly, 
separating  them  from  the  gene  ml  volume  of  sound,  can  distinguish  the 
faintest  discords  and  can  designate  a  single  instnmient  making  a  fake  note. 

Destruction  of  both  tympanic  membranes  does  not  necessarily  produce 
total  deafness,  although  this  condition  involves  considerable  impairment  of 
hearing.  So  long  lus  there  is  simple  destruction  of  these  membrane^  the 
bcuie^  of  the  middle  ear  and  the  other  parts  of  the  auditory  apparatus  being 
intact,  the  waves  of  sound  are  conducted  to  the  auditory  nerves,  although 
this  is  done  imperfectly.  In  a  case  reported  by  Astley  Cooper,  one  menibrana 
tympani  was  entirely  ilestroyed,  and  the  other  was  nearly  gone,  there  being 
some  parts  of  its  periphery  remaining.  In  this  person  the  hearing  was  some- 
what impaired,  although  he  could  distinguish  ordinary  conversation  ivithout 
much  Jitliculty.  Fortunately  he  had  consitlerable  musical  taste,  and  it  was 
ascertained  that  liis  musical  ear  was  not  seriously  impaired;  "for  he  played 
well  on  the  llute  and  hatl  frequently  borne  a  part  in  a  concert-  I  speak  thi*, 
not  from  his  autliority  only,  but  also  from  that  of  his  father,  who  is  an  ex- 
cellent judge  of  music,  and  plays  well  on  the  violin  :  he  told  me,  that  his  son, 
besides  playing  on  tlie  flute,  sung  with  much  taste,  and  perfectly  in  tujie."' 

There  is  an  important  consideration  that  must  be  kept  in  view  in  study- 
ing the  usG^  <;f  any  distinct  portion  of  the  auditory  apparatus,  like  the 
membrana  tympani.  This  membrane,  like  all  other  parts  of  the  apparatus, 
except  the  auditory  nen^ea  themselves,  has  simply  an  accessory  action.  If  the 
regular  waves  of  a  musical  sound  be  conveyed  to  the  terminal  fihmients  of 
the  auditory  nerves,  these  waves  make  their  impression  and  the  sound  is  cor- 
rectly appreciated.  It  makes  no  di Terence,  except  as  regards  intensity,  how 
these  waves  are  conducted ;  the  sound  is  appreciated  by  the  impression  made 
upon  the  nerves,  and  the  nerves  only.  The  waves  of  sound  are  not  like  the 
wmT6B  of  light,  refim^ted,  decomposed,  perhiips,  and  necessarily  brought  to  a 
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focus  as  they  impinge  upon  the  retina ;  but  as  far  as  the  action  of  the  acces- 
sory parts  of  the  ear  are  concerned,  the  waves  of  sound  are  unaltered ;  that 
is,  the  rate  of  their  succession  remains  absolutely  the  same,  though  they  be 
reflected  by  the  concavities  of  the  concha  and  repeated  by  the  tympanic 
membrane.  Even  if  it  be  assumed  that  the  membrane  under  normal  condi- 
tions repeats  musical  sounds  by  vibrations  produced  by  influence,  and  that 
sounds  are  exactly  repeated,  the  position  of  these  sounds  in  the  musical  scale 
is  not  and  can  not  be  altered  by  thp  action  of  any  of  the  accessory  organs  of 
hearing.  The  fact  that  a  person  may  retain  his  musical  ear  with  both  mem- 
branes destroyed  is  not  really  an  argument  against  the  view  that  the  mem- 
brane repeats  sounds  by  influence ;  for  if  musical  sounds  or  noisy  vibrations 
be  conducted  to  the  auditory  nerves,  the  impression  produced  must  of  neces- 
sity be  dependent  exclusively  upon  the  character,  regularity  and  number  of 
the  sonorous  vibrations.  And,  again,  the  physical  laws  of  sound  teach  that 
a  membrane,  like  the  membrana  tympani,  must  reproduce  sounds  with  which 
it  is  more  or  less  in  unison  much  more  perfectly  than  discordant  or  irregular 
vibrations.  In  a  loud  confusion  of  noisy  sounds,  one  can  readily  distinguish 
melody  or  harmony,  even  when  the  vibrations  of  the  latter  are  comparatively 
feeble. 

It  has  been  shown  that  the  appreciation  of  the  pitch  of  sounds  bears  a 
certain  relation  to  the  degree  of  tension  of  the  tympanic  membrane.  When 
the  membrane  is  rendered  tense,  there  is  insensibility  to  low  notes.  When 
the  membrane  is  brought  to  the  highest  degree  of  tension  by  voluntary  con- 
traction of  the  tensor  tympani,  the  limit  of  appreciation  of  high  notes  may 
be  raised  from  three  thousand  to  five  thousand  vibrations.  It  is  a  fact  in  the 
physics  of  the  membrana  tympani  that  the  vibrations  are  more  intense  the 
nearer  the  membrane  approaches  to  a  vertical  position ;  and  it  has  been  ob- 
served that  the  membrane  has  a  position  more  nearly  vertical  in  musicians 
than  in  persons  with  an  imperfect  musical  ear  (Troltsch). 

Experiments  have  shown  that  the  tympanic  membrane  vibrates  more 
forcibly  when  relaxed  than  when  it  is  tense.  In  certain  cases  of  facial  palsy, 
in  which  it  is  probable  that  the  branch  of  the  facial  going  to  the  tensor  tym- 
pani was  affected,  the  ear  has  been  found  painfully  sensitive  to  powerful  im- 
pressions of  sound.  This  probably  has  no  relation  to  pitch,  and  most  sounds 
that  are  painfully  loud  are  comparatively  grave.  Artillerists  are  in  danger  of 
rupture  of  the  membrana  tympani  from  sudden  concussions.  To  guard 
against  this  injury,  it  is  recommended  to  stop  the  ear,  draw  the  shoulder  up 
against  the  ear  most  in  danger,  and  particularly  to  inflate  the  middle  ear 
after  Valsalva's  method.  "  This  method  consists  in  making  a  powerful  ex- 
piration, with  the  mouth  and  nostrils  closed  "  (Trdltsch). 

Mechanism  of  the  Ossicles  of  the  Ear. — The  ossicles  of  the  middle  ear,  in 
connection  with  the  muscles,  have  a  twofold  office :  First,  by  the  action  of 
the  muscles  the  membrana  tympani  may  be  brought  to  different  degrees  of 
tension.  Second,  the  angular  chain  of  bones  serves  to  conduct  sonorous 
vibrations  to  the  labyrinth.  It  must  be  remembered  that  the  handle  of  the 
malleus  is  closely  attached  to  the  membrana  tympani,  especially  near  its 
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lower  end.  Near  the  short  process — which  is  a  little,  couical  projection  at 
the  root  of  tlie  hiiiidle — the  attachment  is  looser  and  there  is  even  an  incoin* 
plete  joint-spaee  at  this  point.  The  long  process  is  attached  closely  to  the 
Glasserian  tiasiire  of  the  temporal  bone. 

The  malleus  is  articulated  with  the  incus  by  a  very  peculiar  joint*  Thitj 
joint  18  m  arrauifetl,  |)reseuting  a  sort  of  cog^  that  the  handle  of  the  maHeiii 
c^n  rota tii  only  outward;  and  when  a  force  is  applied  which  would  have  a 
tendeuey  to  produce  a  rotation  inwanl,  the  malleus  most  carry  the  incus  with 
it.  This  mechanism  has  been  compared  to  that  of  a  watch-key  with  eogai 
which  are  fitted  together  and  allow  the  whole  key  to  turn  in  one  direction, 
hut  are  separated  so  that  ouly  the  up]>er  portion  of  the  key  turns  when  the 
force  is  applied  in  the  opposite  direction  (llelmholtz).  In  the  articulation 
between  the  malleus  and  the  incus,  the  only  ditlerence  is  that  there  is  but 
one  cog;  hut  this  is  sufficient  to  prevent  an  independent  rotation  of  the 
malleus  inward. 

The  body  of  the  incus  is  attached  to  the  posterior  bony  wall  of  the  tym- 
panic cavity,  lis  articulation  with  the  malleus  has  just  IxH^n  indicated.  By 
the  extremity  of  it^s  long  process,  it  is  also  artictdateil  with  the  stjipes,  which 
completes  the  chain.  lu  aiiu^  the  stapes  forms  nearly  a  right  angle  with  the 
long  process  of  tlie  incus. 

The  stapes  is  articulated  with  the  ineus^  as  indicated  above,  and  its  ovaj 
base  is  applied  to  the  fenestra  oval  is.  Surrounding  the  base  of  the  stapes,  is 
a  ring  of  elastic  libio-cartilage,  which  is  closely  united  to  the  hony  wall  of  the 
labyrintli,  by  an  extension  of  the  periosteunu 

The  articulations  between  the  malleus  and  the  incus  and  between  the 
incus  and  the  stapes  are  so  arranged  that  when  the  membrana  tympani  k 
forced  outward,  as  it  may  be  by  inflation  of  the  tympanic  cavity,  there  is  no 
danger  of  tearing  the  stapes  from  its  attachment  to  the  fenestra  ovalis;  for 
when  the  handle  of  the  malleus  is  drawn  outward,  the  cog- joint  between  the 
malleus  and  the  incus  is  loosened  and  no  considerable  traction  can  be  exerted 
upon  the  stupes. 

The  tensor  tympani  is  by  far  the  more  important  of  the  two  muscles  of 
the  middle  ear.  Its  action  is  to  tighten  the  cog-like  joint  between  the  malleus 
and  the  incus,  to  tighten,  also,  all  the  ligaments  of  the  incus,  to  draw  the 
long  process  of  the  malleus  inward,  thereby  iocrc^ising  the  tension  of  the 
membrana  tympani,  and  to  press  the  base  of  the  stapes  agiiinst  the  fenestm 
ovalis.  By  the  action  of  this  muscle  the  chain  of  ossicles  becomes  prac- 
tically a  solid  and  continuous,  angular,  bony  rmh 

Altliough  experiments  have  demonstrated  the  mechanism  of  the  ossielea 
and  the  action  of  the  tensor  tympani,  both  as  regards  the  chain  of  bones  and 
the  meml)mna  tympani,  direct  observations  are  wanting,  to  show  the  exact 
rehitions  of  these  dilTerent  conditions  of  the  ossicles  and  of  the  membmne  to 
the  physiology  of  audition.  One  very  important  physical  point,  however* 
which  has  been  the  siihJLi^t  of  much  discussion,  is  settled.  The  chain  of 
l>ones  acts  as  a  single,  solid  l>ody  in  conducting  vihmtions  to  the  labyrinth. 
It  is  a  matter  of  physical  demonstration  that  vibrations  of  the  bones  them* 


PHYSIOLOGICAL  ANATOMY  OF  THE  INTERNAL  EAR.      755 

selves  would  be  infinitely  rapid  as  compared  with  the  highest  tones  which  can 
be  appreciated  by  the  ear,  if  it  were  possible  to  induce  in  these  bones  regular 
Tibrations.  Practically,  then,  the  ossicles  have  no  independent  vibrations 
that  can  be  appreciated.  This  being  the  fact,  the  ossicles  simply  conduct  to 
the  labyrinth  the  vibrations  induced  in  the  membrana  tympani  by  sound- 
waves ;  and  their  arrangement  is  such  that  these  vibrations  lose  very  little  in 
intensity.  While  it  has  been  shown  experimentally  that  the  amplitude  of 
vibration  in  the  membrana  tympani  and  the  ossicles  diminishes  as  the  tension 
of  the  membrane  is  increased,  it  would  seem  that  when  the  tensor  tympani 
contracts,  it  must  render  the  conduction  of  sound-waves  to  the  labyrinth 
more  delicate  than  when  the  auditory  apparatus  is  in  a  relaxed  condition, 
which  may  be  compared  with  the  ^^  indolent ''  condition  of  accommodation  of 
the  eye.  When  the  membrana  tympani  is  relaxed  and  the  cog-like  articula- 
tion between  the  malleus  and  the  incus  is  loosened,  the  vibrations  of  the 
membrane  and  of  the  malleus  may  have  a  greater  amplitude ;  but  when  the 
malleo-incudal  joint  is  tightened  and  the  stapes  is  pressed  against  the  fenestra 
ovalis,  the  loss  of  intensity  of  vibration,  in  conduction  through  the  bones  to 
the  labyrinth,  must  be  reduced  to  the  minimum.  With  this  view,  the  tensor 
tympani  muscle,  while  it  contracts  to  secure  for  the  membrana  tympani  the 
degree  of  tension  most  favorable  for  vibration  under  the  influence  of  certain 
sounds,  puts  the  chain  of  bones  in  the  condition  best  adapted  to  the  conduc- 
tion of  the  vibrations  of  the  membrane  to  the  labyrinth,  with  the  smallesi; 
possible  loss  of  intensity. 

Physiological  Anatomy  of  the  Internal  Ear. 

The  internal  ear  consists  of  the  labyrinth,  which  is  divided  into  the  vesti- 
bule, semicircular  canals  and  cochlea.  The  general  arrangement  of  these 
parts  has  already  been  described ;  and  it  remains  only  to  study  the  structures 
contained  within  the  bony  labyrinth,  in  so  far  as  their  anatomy  bears  directly 
upon  the  physiology  of  audition.  Passing  inward  from  the  tympanum,  the 
first  division  of  the  internal  ear  is  the  vestibule.  This  cavity  communicates 
with  the  tympanum,  by  the  fenestra  ovalis,  which  is  closed  in  the  natural 
state  by  the  base  of  the  stapes.  It  communicates,  also,  with  the  semicircular 
canals  and  with  the  cochlea. 

Gefieral  Arrangement  of  the  Membranous  Labyrinth — The  bony  labyrinth 
is  lined  by  a  moderately  thick  periosteum,  consisting  of  connective  tissue,  a 
few  delicate,  elastic  fibres,  nuclei  and  blood-vessels,  with  spots  of  calcareous 
concretions.  This  membrane  adheres  closely  to  the  bone  and  extends  over 
the  fenestra  ovalis  and  the  fenestra  rotunda.  Its  inner  surface  is  smooth  and 
is  covered  with  a  single  layer  of  cells  of  endothelium,  which  in  some  parts  is 
segmented  and  in  othera  forms  a  continuous,  nucleated  sheet.  In  certain 
portions  of  the  vestibule  and  semicircular  canals,  the  periosteum  is  united 
to  the  membranous  labyrinth,  more  or  less  closely,  by  fibrous  bands,  whicli 
have  been  called  ligaments  of  the  labyrinth.  The  fenestm  rotunda,  which 
lies  between  the  cavity  of  the  tympanum  and  the  cochlea,  is  closed  by  a 
membrane  formed  by  an  extension  of  the  periosteum  lining  the  cochlea. 
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on  one  side,  and  the  mncous  membrane  lining  the  tympanic  cavity,  on  the 
other* 

In  the  bony  vestibule,  occupying  about  two-thirds  of  it«  cavity,  are  two 
distinct  sacs;  a  large,  ovoid  sac,  the  utricle,  situated  in  the  upper  and  pos- 
terior portion  of  the  cavity,  and  a  smaller,  rounded  sac,  the  saccule,  situated' 
in  its  lower  and  anterior  portion.     These  two  sacs  coniuiunicate  witli  each 

otlier  through  a  small 
canal  in  the  form  of 
the  letter  \%  which  is 
represented  in  the  up- 
per diagnim  in  Fig, 
269.  The  utricle  com- 
municates with  the 
semicircular  canals^  \ 
and  the  saccule  oj>en8  ] 
into  the  niembmnout 
canal  of  the  cochlea,  by 
the  canalis  reunienat 
At  a  point  in  the  utri^  ^ 
'  !e  corresponding  to  the 
i'H trance  of  a  bninch  of 
the  auditory  nerve,  is  ft* 
round,  whitish  B|)ot, 
calleti  the  acoustic  sj^ot 
(macula  acustica),  con- 
taiuing  otoliths,  or  oto- 
conia, which  are  at- 
tached Ut  the  inner  sur- 
face of  the  membrane. 
A  similar  spot,  contain- 
ing otoliths,  exists  in 
the  saccule,  at  the  }>oint 
of  entrance  of  its  nerve. 
Otoliths  are  also  found 
in  the  ampulla?  of  the 
semicircular  canals. 
These  calcareous  masses  are  composed  of  crystals  of  calcium  ciirbonate,  which 
are  hexagonal  and  pointed  at  their  extremities.  Nothing  definite  is  known 
of  the  uties  of  these  calcareous  bodies,  which  exist  in  man,  mammali?,  binls 
and  reptiles. 

The  n^embranous  gemicircular  canals  occupy  about  one-third  of  the  cavity 
of  the  bony  canals.  They  present  small,  ovoid  dilatations,  called  ampullfe, 
correspontling  to  the  amptillary  enlargements  of  the  bony  canals.  They  are 
held  in  place  by  a  large  number  of  little,  tibrons  bands  extending  to  the  bony 
labynntb. 

The  membrane  of  the  cochlea,  including  the  lining  periosteum,  occupies 
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canal*K    From  a  photograph,  and  somewhat  redup»*d  (RildlnjttT}. 
Upper  fljTurt*:  1,  utriele ;  %  BactniU*;  S,  R.  membraiioua  cochlea  ;  4, 

cannlifi  reunleim :  6,  fk>nnk>ircyLar  eanatji. 
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circular €ana1s  :  10'.  audJuiry  iierve  (partly  diajrnii'ntnatici:  It,  12» 
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bule  and  the  st'niicirmlar  canals. 
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the  spiral  canal  of  the  cochlea,  which  it  fills  completely.  Viewed  extertially, 
it  appears  as  a  single  tube,  followiiig  the  turns  of  the  bony  eoclilejt,  bi^ginning 
below,  at  the  first  turn,  by  a  biimj  extremity,  and  tenninnting  in  a  blind 
extremity  at  the  summit  of  the  eoehlea.  If  a  section  of  the  cochlea  be  miule 
in  a  direction  vertical  to  the  spiral,  it  will  Ix^  seen  that  this  canal  is  divided, 
partly  by  bone  and  partly  by  membnine,  into  an  inferior  jwrtion,  a  superior 
portion,  and  a  triangular  canal,  lying  between  the  two,  which  is  external. 
The  bony  septum  is  in  the  form  of  a  spiral  plate,  extending  from  the  central 
column  (the  modiolus)  into  the  cavity  of  the  cochlea,  about  half-way  to  its 
external  wall,  and  terminating  above  in  a  hook-shaped  extremity,  called  the 
hamulus.  The  free  edge  of  this  bony  lamina  is  tbin  and  dense.  Near  the 
central  column  it  divides  into  two  plates^  with  an  intermediate,  spongy  struct- 
ure, in  which  are  lodged 
vessels  and  nerves.  The 
surface  of  the  bony  lamina 
looking  toward  the  base 
of  the  cochlea  U  marked 
by  a  number  of  regular, 
transverse  ridges,  or  strise. 

Attiiched  to  the  free 
margin  of  tlie  bony  lam- 
ina, is  a  membrane,  the 
me  n  i  b  run  a  basi  1  ari  a,  w  h  ie  h 
extends  to  the  outer  wall 
of  the  cochlea.  In  this 
way  the  canal  of  the  coch- 
lea is  divided  into  two 
portions,  one  above  and 
the  other  below  the  sep- 
tum. The  ]x>rtion  below 
begins  at  the  fenestra  ro- 
tunda and  is  called  the 
Bcala  tympani.  The  por- 
tion above,  exclusive  of  the  triangular  canal  of  the  cochlea,  communicates 
with  the  vestibule  and  is  called  the  scala  vestihuli. 

Above  the  memhraua  basilaris,  is  a  menibmne,  the  limbus  lamin^vspiralis, 
the  extenial  continuation  of  which  is  called  the  memhraua  tectoria,  or  the 
membnine  of  Corti.  Between  the  membmna  teetoria  and  the  membrana 
hasilaris,  is  the  organ  of  Corti.  The  membrane  of  Reissner  extends  from 
the  inner  portion  of  the  limbus  upward  and  outward  to  the  outer  wall  of  the 
cochlea.  This  divides  the  portion  of  the  coeblea  situated  above  the  scala 
tympani  into  two  portions;  an  internal  portion,  the  scala  vestibuli,  and  an 
external,  triangular  canal,  called  the  cjinalis  cochlea,  or  the  membranoua 
cochlea. 

In  the  anatomical  description  of  the  contents  of  the  bony  cochlea,  the 
membranous  parts  may  be  designated  as  follows : 


>„-^  1 


Fio.  270.^ OtohthJt  from  variou*  animalM  <Kfliiliiger)» 
1,  fmin  the  ROftt  ;  2,  from  the  herrlnjf :  S.  from  the  devil-ll»h  ;  4 
from  the  macken*! :  5,  from  the  flj'iii^-ft»h  ;  fl,  from  theptke  :  7, 
from  the  carp  ;  S,  from  the  my  x  9*  trom  the  6h»rk  ;  10*  from 
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L  The  portion  below  the  bony  ant]  membranous  septum,  called  the  scala 
t3rmpaiii.  This  h  formud  by  tixe  periosteum  lining  the  coiTesponding  |>or- 
tion  of  the  eochlea  and  the  under  surface  of  the  bony  lamina,  and  the  mem- 
brana  basilar  is. 

%,  The  seali  vestibuli.     This  is  formed  by  the  periosteuni  Uuing  the  cor- 


f*ia,  271, —Section  ofthefirgt  turn  of  the  miral  can€it  ofactit  newly-bom.— Section  of  the  cochlea  of  a 
huiHiin  fottiu  at  the  fourth  month.    From  a  photoKmpli,  mad  soittewhAt  reduoea  4  Rlldliiger)^ 

Upper  ftjnire:  1,  2,  ft,  1iLriiin&  Hpiralis  :  i,  luwer  plpit*' ;  11,  4,  5,  Ti.  tierruji  cochlea riit :  7,  nit^mbrssv  of 
Ri^tflWD^r:  8,  TnembninA  ttx-turia  :  9,  I'plthelium  ;  10.  It,  pillam  of  OirU  :  lil.  inner  hair-cell* :  tS, 
outer  Jmir-oells  ;  14,  l»i,  m*?mbrnna  haKtlarlH  ;  J.*,  t'tiithi^liiim  In  the  »ulcu»  spln&lia ;  17*  IS*  19,  li^< 
meatiun  flpiraltc* :  W,  f^plral  eanal,  betow  tht*  niembraim  haHiEarto, 

Low«r  ftirure :  8  T«  8  T,  5,  5,  7,  7,  8,  H.  Noala  tyrnpaiii  :  S  \'.  S  V,  9,  9,  jwmla  veattbull  ;  I,  baae  of  the  coeh- 
Imi:  S,  apex:  S,  4,  central  i?olumn  ;  10,  10,  ]0,  n\  ihietuA  ef>ehleari!«  t  11,  bmiikchea  of  Ihe  oemv 
OQchleartt;  1^  12,  12.  spiral  g^atiirllou  ;  1^,  tl.  limbun  lainiuic»  Hpiratb  ;  l\  membraoe  of  Reumer : 
1«,  epithi^Uum;  17,  out-er  haJr-oell».  1«.  •*iMtht*liiini  of  f  he  mt»m1>rana  baallaria:  lt»,  nit*rvi>u«  Alamentii: 
^\  uniiin  of  the  membmiia  bat<ilari«  with  thn  lij^inio^utum  npiralf  ;  21.  eptthetJum  of  thp  pv riphfrai 
wall  of  thf"  diicttw  oJCliU^arlK ;  ti,  Zi^  ineiiihraiiiL  ttH*t«iria  ;  24,  spiral  canat,  below  the  uieiiihrata 
basilar^. 

responding  portion  of  the  bony  cochlea  and  the  upper  surface  of  the  bony 
septum  and  ia  bounded  extjernally  by  the  membrane  of  Reisaner. 

Z,  The  true  membranous  cocldea.     Tliis  U  the  spiral,  triangular  canal, 
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bounded  externally  by  the  ijeriosteum  of  the  corresponding  portion  of  the 
wall  of  the  cyt!hlei^  internally,  by  tlie  membrane  of  Keissner,  and  an  the 
other  siile,  by  the  membraiui  btisiliiris.  What  ia  tliHi*  called  tlie  membranous 
cochlea  is  divided  by  the  limbus  lamin*  spindia  and  the  membrana  tectoria 
into  two  portions;  a  triang^nlar  eanul  above,  which  h  the  larger,  and  ac^nadri- 
lateral  cunul  below,  between  thelimbuaand  membrana  tec  tor  ia  and  the  mem- 
brana basilaris.  The  qnadrilateral  canal  contains  the  organ  of  Corti  and 
various  complex,  anatomical  structtires.  The  relations  of  these  divisions  of 
the  cochlea  are  shown  in  Fig.  272. 

Tlie  membranous  cochlea,  as  descril>ed  above,  follows  the  spiral  course  of 
the  cochlea,  terminates  soperiorly  in  a  blind,  pointed  extremity,  at  the  cupola, 
eyond  the  hamulus,  and  is  connected  below  with  the  saccule  of  the  vestibule, 
t)y  the  canalis  reuniens.     The  relations  of  the  different  portions  of  the  mem- 

IbranouB  cochlea  to  each  other  and  to  the  scalar  of  the  cochlea  are  shown  in 

[mg.  271. 

Liquids  of  the  Labyrinth. — The  labyrinth  contains  a  certiun  quantity  of  a 
clear,  watery  liquid,  called  the  humor  of  Uotugno  or  of  Valsalva.  A  portion 
of  this  liquid  surrounds  the  membranous  sacs  of  the  vestibule,  the  semicircu- 
lar canals  and  the  membranous  cochlea,  and  this  is  known  as  the  perilymph 
of  Breschet.  Another  portion  of  the  liquid  fills  the  membranous  labyrinth  ; 
and  this  is  sometimes  called  the  humor  of  .Scarpa,  but  it  is  known  more  gen* 
erally  as  the  endolymph  of  Breschet     The  perilymph  occupies  about  one- 

I  third  of  the  cavity  of  the  bony  vestibule  and  semicircular  canals  and  both 
scalfe  of  the  cochlea.  Both  this  liquid  and  the  endolymph  are  clear  and  wat- 
ery, becoming  somewhat  opalescent  on  the  addition  of  alcohol.  The  spaces 
in  the  labyrinth  are  directly  connectetl  with  the  lymphatic  system.  The 
space  occuj>ied  by  the  perilymph  communicates  with  lymphatics,  chietly 
through  the  atjueduct  of  the  cochlea,  but  there  is  also  a  communication 
through  the  internal  auditory  meatus,  with  the  space  beneath  the  dura  mater. 
The  endolymph  passes  to  the  subarachnoid  space,  beneath  the  arachnoid  cov- 
ering of  tlie  auditory  nerve.  As  far  as  is  known,  the  uses  of  the  liquid  of  the 
internal  ear  are  to  sustain  the  delicate  structures  contained  in  this  f>ortion 
of  the  auditory  apparatus  and  to  conduct  sonorous  vibrations  to  the  terminal 

^filaments  of  the  auditory  nerves  and  the  parts  with  which  they  are  con- 
nected. 

Disinbution  of  the  yervejt  in  the  Lftbifrinth. — ^As  the  auditory  nervea 
enter  the  internal  auditory  meatus,  they  divide  into  an  anterior,  or  cochlear, 
and  a  }K>stcrior,  or  vestibular  bmnch.  The  vestibular  branch  divides  into 
tliree  smaller  branches,  a  suj>erior  and  anterior,  a  middle,  and  a  posterior 
branch.     The  superior  and  anterior  bnirich,  the  largest  of  the  three,  is  dis- 

'  tributed  to  the  utricle,  the  superior  semicircular  canal  and  the  external  semi- 

'  circular  canal.  The  middle  branch  is  distributed  to  the  saccule.  The  pos- 
terior branch  passes  to  the  posterior  semicircular  canal.  The  nerves  distrib- 
uted to  the  utricle  and  saccule  penetnite  at  the  fwints  occupied  by  the 
otoliths,  and  the  nerves  going  to  the  semicircular  canals  pass  to  the  ampullae, 
which  also  contain  otoliths,     (See  Fig.  269,)     In  e^ich  ampulla,  at  the  point 
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where  the  nerve  entcre,  is  a  transverse  fohl,  projecting  into  the  eanal  and 
oecupying  about  one-third  of  its  circumference,  called  the  septum  trans- 
versiim* 

The  nerves  terminate  in  essentially  the  same  way  in  the  saes  of  the  ves- 
tibule and  the  ampulla!  of  the  semicircular  canals.  At  the  points  where  the 
nerves  enter,  in  addition  to  tlie  otoliths,  are  cylindrical  cells  of  various  forms, 
which  pa8S  gradually  into  the  general  endothelinni  of  the  cavities.  In  addi- 
tion to  these  cells,  are  fusiform,  nucleated  bodies,  the  free  ends  of  which  are 
provided  with  hair-like  proces^s,  called  tila  acnsticu.  The^e  are  abont  ^1^ 
of  an  inch  (31  p)  in  length  and  are  distributed  in  quite  a  regular  manner 
around  the  otoliths.  The  nerves  form  an  anastomosing  plexus  beneath  the 
endothelium,  and  they  probably  terminate  in  the  fusiform  bodies  just  de* 
sciibed  m  presenting  the  fila  acustica  at  their  free  extremities.  In  the  8i*cs 
of  the  vestibule  and  in  the  semicircular  canals,  nerves  exist  only  in  the  macula 
acustica  and  the  ampullie. 

The  cochlear  division  of  the  auditory  nerve  breaks  up  into  a  number  of 
small  branches,  which  pass  through  foniniina  at  the  lutse  of  the  cochlear,  in 
what  is  called  the  tractua  spiralis  foraminulentus.     These  follow  the  axis  of 

the  trochlea  and  pass  in 
their  course  toward  the 
apex,  between  tlie  platen  of 
the  bcmy  spiral  lamina. 
Between  these  plates  af 
bone,  the  dark  -  bordered 
nerve-iibres  pass  each  one 
til  rough  a  bipolar  cell,  these 
cells  together  forming  a 
spiral  ganglion,  known  as 
the  ganglion  of  Corti.  Be- 
yond this  ganglion  the 
nerves  form  an  anastomos- 
ing plexus  and  finally  enter 
the  fpiadn lateral  canal,  or 
the  canal  of  Corti.     As  thev 


Fia.  ^7i.—tHttrihutifin  of  thf  cochleftr  urriv  in  th^npi^ 
of  the  cffchlea.  The  ccteklirn  w/mm  the  right  Bidt  t 
fro  m  it*  «  nttrrti'  in  f trior  part  (S«  ppey  >. 


rat  l«iintn^ 
and  is  Been 


1,  trunk  of  tbt*  coohlfflr  nervp  ;  2,  *i,  2,  m^mhnwicMin  zone  of  rhe 

«plraJ  Iftminn  ;  X  H,  ^,  t<>mi{iuLl  expatudon  of  the  coohk^nr  pass    intO    this    caOal    thcV 
derv*,  eipo«ei1  in  \U  whole  Hxtf*nt  bv  \he  r^movftl  of  tli**  wj-  ,  ,       i       , 

perior  plate  of  Che  lamina  Kfitralls: '4. 4i»riflc^  of  commiini^ft'  SUddculv   become   imlc   aud 
tkm  of  the  acaLa  tympAnl  with  thu  »calii  vestlbuli.  i .  '    •         «  ,,,, 

exceedingly     fine.        They 

probably  are  connected  finally  with  the  organ  of  Corti,  although  their  exact 
mode  of  termination  has  not  yet  been  determined.  The  course  of  the  nerve- 
fibres  to  their  distribution  in  the  cochlea  is  shown  in  Fig.  272> 

Organ  of  Corti, — In  the  quadrilateml  canaK  bathed  in  the  endoh^nph, 
throughout  its  entire,  spiral  course,  is  an  arrangement  of  pillars,  or  roils,  which 
are  regidar,  like  the  strings  of  a  harp  in  miniature.  These  are  the  pillars  of 
Corti,  These  pillars  are  external  and  internal,  with  their  base«  attached  to  the 
bjisilar  membrane  and  their  summit**  articulated  above,  so  as  to  form  a  regu- 
lar, spiral  tireade,  enclosing  a  triangidar  space  which  is  bounded  below  by  the 
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'  membrane.  The  number  of  the  elements  of  the  organ  of  Corti  is  es- 
timated at  about  4,500,  for  the  outer,  and  6,500,  for  the  inner  rods.  The 
relations  of  these  structures  to  the  membmnous  Ittbyriiith  are  seen  in  Fig. 
:J71*     The  external  pillai-s  are  longer,  more  delicate  and  more  ronndud  than 
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Flo,  WT^—The  ttro  pillars  of  the  organ  QfCorii  (Bappej). 
A^  extern^  pillar  of  thr  oi^ao  of  Corti :  1,  body,  or  mleldle  portion  ;  "ly  \}CmX**r\tw  cxtrpiiTitty.  or  base  :  3, 

cell  OQ  lultiterual  sidtf  ;  4,  iuitt*ri»>r  ejctremlty  ;  6.  convex  iiurfttce,  by  which  it  Ls  Juiried  to  the  inU*r- 

nal  plllnr ;  tf,  prolouj^ation  of  thi-*  extremity, 
B»  internal  pillar  of  ihv  orj^an  of  Corti :  \,  Inwly,  or  tidddU*  portion  t  2,  pcMterior  extremity  i  !J,  cell  on  Ita 

^xttTiiiu  «ide  ;  4,  ant^'nor  extrr-mity  :  5,  ix>iK'flvi-  surfftct'.  by  whicii  it  in  joiD4?d  to  tlie  extt*rtmi  pillar ; 

0,  prolongation,  lyintf  nbovt*  UiecorreMpoiiditig'  proluUKatiou  of  thf  ext«>mai  |Jlll«r. 
C  the  two  pilljira  of  the  brj^un  of  Uii»rti,  unlttHl  by  their  antr-rior  fxtrmiity,  and  formiu^  an  arcocli*,  tba 

concjivity  of  which  prfi*eurs  oiitward  :   U  1,  b"34iy.  or  ndildio  porti  »u  of  the  pliian* ;  %  ^.  iKB^t^rior 

eztfvaiitieii ;  A,  a,  ct'JIs  atiachetl  to  the  jiowtturiir  extruinitie«  ;  4.  4,  aiii<?r1or  eKtt^inilw-»  Joined 

together;  5,  temiin&l  prolongation  of  Uiis extrejuity. 

the  internal  pillure.  The  form  of  the  pilhirs  m  more  exactly  shown  in  Figs, 
273  and  274,  the  latter  figure,  however,  exhibiting  other  etructures  which 
enter  into  the  constitution  of  the  organ  of  Corti,     It  will  be  remarked  tliat 


^  .  r 
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FlO.  874,— Terf leaf  aectinn  of  tfie  arynn  of  Corti  of  the  dog:  magnified  flOO  diameters  (Waldeyer). 
<t-f>»  honiOKt^nieoiiB  layt*r  of  th«*  basilar  niombrane  ;  v,  tympanic  layer,  with  tiucli?!,  KTanuiar  cfll-prnto- 
plaxni  ofid  etmaeetive  tifiHue :  (i,,  tympftoic  Hp  of  the  tTinta  lipimlin:  c,  thickened  ptirtl«ni  of  the 
Da-'sJlar  mrmhrane  ;  fh  spiral  vt»i«i?l ;  e,  blm>d-ve«Bel  ;  /.  h.  bundle  of  neri'ej* ;  g,  epiliiellum  ;  i.  ItilMT 
bjiir-cell,  with  it^s  ^uiMilar  prooesa,  k  ;  f,  hetiui-itli!il+*  of  the  inner  pillar;  «».  union  of  the  two  plllani: 
H,  bnne  of  the  inner  pitlaf ;  o,  baae  of  thr  nnt*>T  pillnr  :  p,  */,  r^  nnter  hair-tvllH,  wfth  Irm'^H  of  tlie 
cilia :  t.  bases  t3f  two  other  hair-ctrlls ;  z,  Henaen'a  prop-eell ;  M,,  hunina  r.»ticuhiriH  ;  u\  uerve-flbn* 
to  th6  flnrt  bair-celU  p. 


a  small,  nucleated  Ixxty  is  attaehed  to  the  base  of  each  pilhir.  At  tlie  summit, 
where  the  internal  and  the  external  pillars  are  joinetl  together,  is  a  delicate 
prolongation,  directed  outward,  w*hich  is  attached  to  the  covering  of  the 
quadriiiiteral  canal. 

The  above  description  comprises  about  all  that  is  definitely  known  of  the 
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arrangement  of  the  pillars,  or  rods  of  Corti.     They  are  nearly  homogeneous, 
except  when  treated  with  reagents,  and  are  said  to  be  of  about  the  consistence 
of  cartilage.     They  are  closely  set  together^  with  very  narrow  spaces  between 
them,  and  it  is  ditficult  to  see  how  they  can  be  stretched  to  any  considerable 
degree  of  tension.     The  arch  is  longer  at  the  summit  than  at  the  base  of  the 
cochlea,  tlie  longest  rods,  at  the  etinimit,  rauiijsuring,  tic^cording  to  Pritchard, 
about  j^  of  an  inch  (1^5  /*),  and  tlie  shortest,  at  the  base,  about  :5^  of  an  < 
inch  (5U  /jt).     At  the  base  of  the  cochlea  the  two  set^s  of  rods  are  about  equal  | 
in  length.     From  the  base  to  the  apex,  both  sets,  outer  and  inner,  progress-  < 
ively  increase  in  length,  and  the  out43r  rods  become  the  longer,  so  that  near 
the  apex  they  are  nearly  twice  as  long  as  the  inner.     Tlie  anatomical  rela- 
tions between  the  pillars  and  the  terminal  filaments  of  the  auditory  nerves 
are  not  definitely  settled. 

In  addition  to  the  pillars  just  described,  various  celhdar  elements  enter 
into  the  structure  of  the  organ  of  Corti,  The  most  important  of  these  are 
the  inner  and  the  outer  hair-eells.  These  are  1 5,400  to  '20,000  in  number 
(Hensen,  Waldeyer).  The  inner  hair-cells  are  arningcfl  in  a  single  row,  and 
the  outer  hair-cells,  in  three  rows*  Nothing  definite  is  known  of  the  uses  of  1 
these  cells.  The  relations  of  these  parts  are  shown  in  Fig*  274,  It  is  sup-  f 
posed  by  some  aimtomists  that  the  filaments  of  the  auditory  nerves  terminate- j 
in  the  cells  above  described  ;  hut  this  point  is  not  definitely  settled- 

UsKs  OP  Different  Parts  of  the  Internal  Ear. 

The  precise  uses  of  the  different  parts  found  in  the  internal  ear  are  ob- 
scure, notwithstanding  the  careful  researches  that  have  been  made  into  the 
anatomy  and  the  physiology  of  the  labyrinth.  There  are  several  points* 
however,  bearing  upon  the  physiology  of  this  jiortion  of  the  auditory  appa- 
ratus, concerning  which  there  can  be  no  doubt : 

First,  it  is  certain  that  impressions  of  sound  are  received  by  the  terminal 
filaments  of  the  auditory  nerves  and  by  these  nerves  are  conveyed  to  tlie 
brain. 

Second,  the  uses  of  the  parts  composing  the  external  and  the  middle  ear 
are  chiefly  ac^ces8<:>ry.  The  sonorous  waves  are  collected  by  the  pavilion  and 
are  conveyed  by  the  external  meatus,  to  the  middle  ear;  the  memhrana  tym- 
pani  vibrates  under  their  influence ;  and  they  are  thus  collected,  repeated  and 
transmitted  t^o  the  internal  ear. 

Uifef<  of  the  Semiclretihtr  Cnmih. — In  the  experiments  of  Flom^ens*  upon 
pigeons  and  rabbits  (1824),  it  was  shown  that  destruction  of  the  semicircular 
canals  h«d  apparently  no  effect  upon  the  seuse  of  hearing,  while  destruction 
of  the  cochlea  upon  both  aides  produced  complete  deafness.     In  addition  it 
W4is  observed  that  dci^truction  of  the  semicircular  canals  cm  both  sides  waa 
followed  by  remarkable  disturbances  in  equilibration.     The  animals  could  i 
maintain  the  standing  position,  but  so  soon  as  they  made  any  movementBi  j 
"  the  hcful  l>egan  to  be  agitated ;  and  this  agitation  increasing  with  the  move*- j 
mcuts  of  the  bmiy,  walking  and  all  regular  movements  finally  became  impos*' 
sible,  in  nearly  the  same  way  as  when  equilibrium  and  stability  of  move- 
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its  are  lost  after  tiirBing  several  times  or  violently  shaking  the  head." 
These  observations  of  Flonrens,  at  least  as  far  as  regards  the  influence  of  the 
semiciroular  cauals  npon  equilibration,  have  been  coniirmeti  by  Goltz  and 
are  sustained  by  observations  upon  the  hnnian  subject  in  the  condition 
known  as  Meniere's  disease.  As  far  as  can  be  judged  from  experimented 
datn^  it  does  not  seem  probable  that  the  nerves  directly  concerned  in  audition 
are  distributed  to  any  considerable  extent  in  the  semicircular  canals.  In- 
deed the  uses  of  these  parts  is  exceedingly  obscure  \  for  it  can  hardly  be 
admitted,  upon  purely  anatomiad  grounds^  that  they  are  concerned  in  the 
discrimination  of  the  direction  of  sonorous  vibrationsj  an  idea  which  has  been 
advanced  by  some  physiologists. 

Uii€s  uf  the  Part»  coniained  in  the  Cochlea, — There  can  be  no  doubt  with 
regard  to  the  capitid  point  in  the  physiology  of  the  cochlea ;  namely,  that 
those  branches  of  the  auditory  nerve  which  are  essential  to  the  sense  of  hear- 
ing and  which  receive  the  impressions  of  sound  are  distributeil  mainly  in 
the  cochlea.  An  analysis  of  sonorous  tmpi'essions  shows  that  they  possess 
Tarious  attributes,  such  as  intensity,  quality  and  pitch.  As  far  as  the  termi- 
nal filaments  of  the  auditory  nerve  are  concerned,  it  is  evident  that  the  in- 
tensity of  sound  is  appivciated  in  proportion  to  the  power  of  the  impression 
made  upon  these  nerves.  With  regard  to  quality  of  sound,  it  has  been  seen 
tliat  this  is  due  to  the  form  of  sonorous  vibrations,  and  that  musical  sounds 
usually  are  connx)uud,  their  quality  depending  largely  upon  the  relative  power 
of  the  harmonies,  partial  tones  etc.  It  has  also  been  seen  that  eonsonating 
bodies  repeat  by  influence,  not  only  the  actual  pitch  of  tones,  but  their  quality* 
If  there  be  in  the  cochlea  an  anatomical  arrangement  of  rods  or  fibres  by 
which  the  sonorous  vibrations  conveyed  to  the  ear  by  the  atmosphere  are 
repeated,  there  is  reason  to  believe  that  the  quality  as  well  as  the  pitch  is  re- 
produce<h 

The  arrangement  of  the  rods  which  enter  into  the  structure  of  the  organ 
of  Corti  hiis  afforded  a  theoretic4il  explanation  of  the  final  mechanism  of  the 
appreciation  of  pitch.  With  the  exception  of  the  internal  ear,  the  action  of 
different  portions  of  the  auditory  apparatus  is  simply  to  conduct  and  repeat 
sonorous  vibrations ;  and  the  sole  use  of  these  accessory  f»arts,  aside  from  the 
protection  of  the  organs,  is  to  convey  the  vibrations  lo  the  terminal,  nerrous 
filaments.  Whatever  be  the  uses  of  the  membrana  tympani  in  repeating 
sounds  by  influence,  it  is  certain  that  this  membrane  possesses  no  true,  audi- 
tory nerves,  and  that  the  auditory  nerves  only  are  capable  of  receiving  im- 
ipressions  of  sound.  Thus  hearing,  and  even  the  appreciation  of  pitch,  is 
not  necessarily  lost  after  destruction  of  the  membrana  tvTiipani  ;  and  if 
sonorous  vibrations  reach  the  auditory  nerves,  they  will  be  apprticiated  and 
appreciated  correctly. 

In  view  of  the  arrangement  of  the  organ  of  Corti,  with  its  eleven  thousand 
or  more  rods  of  different  lengths  arranged  witli  a  certain  degree  of  regularity, 
a  number  more  than  sufficient  to  represent  all  the  notes  of  the  musical  scale, 
it  is  not  surprising  that  they  should  be  regarded  as  capable  of  repeating  oil 
the  notes  heard  in  music,    Helmholtz  formulated  this  idea  in  the  theory  that 
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sounds  conveyed  to  the  cocIiIbei  throw  into  vibration  only  those  elements  of 
the  organ  of  Corti  which  are  tuned,  m  to  speak,  in  unison  with  them.  Ac- 
cording to  this  hypothesis,  the  rods  of  Corti  constitute  a  liarp  of  several 
thousand  strings,  played  np<3n,  as  it  were,  by  the  sonorous  vibrations.  The- 
ories analogous  to  the  one  proposed  by  llelmholtz,  but  of  course  lacking  the 
basis  of  exact  auiitonueal  and  physical  details  developed  by  modern  researches 
and  experiments,  were  advanced  by  Dn  Verney  (ll>B3)  ami  by  Le  Cat  (176T), 

Viewing  the  question  anatomically,  it  is  by  no  means  certain  that  the  rod* 
of  Corti  are  so  attached  and  stretched  that  they  are  capable  of  separate  and  • 
individual  vibrations.  It  has  not  been  demonstrated  that  certain  of  these 
rods  vibrate  under  the  influence  of  certain  notes  or  that  they  are  tuned  in 
accord  with  certain  notes,  Hensen  and  others  have  rejeeted  the  theory  of 
Helmholtz,  basing  their  opinions  mainly  upon  the  anatomical  arrangement 
of  the  rods  of  Corti*  Heusen  assumed  it  to  be  a  physical  impossibility  for 
the  different  rods  to  vibmte  intlividually,  and  he  regarded  it  as  improbable  I 
that  the  rods  are  tuned  in  accord  with  different  musical  not^^s.  Similar  ob- 
jections apply  to  the  theory  that  ditferent  transverse  libres  in  the  oiembrana 
basilaris  vibrate  in  accord  with  particular  notes.  There  is,  indeed,  no  theory 
which  affords  an  entirely  satisfactory  explanation  of  the  mechanism  of  the 
final  appreciation  of  the  jiitch  of  musical  sounds. 

It  is  not  absoUiteiy  necessary  that  sonorous  vibrations  should  pass  to  the 
cochlea  through  the  external  ear  and  parts  in  the  nuildle  ear.  Sounds  may 
be  conducted  to  tlic  auditory  nerves  tlirough  the  bones  of  the  head  or  through 
the  Eustai-bian  tube,  lis  is  shown  by  the  simple  and  familiar  ex]ieriment  of 
placing  a  tuning- furk  in  contact  with  the  head  or  between  the  teeth,  the  ears 
being  closed. 

Tlie  action  of  the  two  ears  does  not  seem  to  be  absolutoly  necessary  to  the 
correct  appreciation  of  auditory  impressions;  but  variations  in  the  force  of 
such  impressions,  made  upon  either  ear,  aid  in  deterniiuing  the  direction  of 
sounds^  altlxough  errors  arc  often  made  in  this  regard. 

The  estimate  of  the  distance  of  sounds  is  made  by  judging  of  the  intensity, 
in  connection  with  information  obtained  through  other  senses,  especially  the 
sense  of  sight.  The  power  of  estimating  disLiiince  is  largely  influenced  by 
experience  and  education. 

Centres  for  Audition. — The  centres  for  audition  in  dogs  and  monkeys 
are  in  the  superior  temporo-sphenoidid  convolution  (Fcrrier,  Munk).  In 
man  these  centres  are  in  the  first  (superior)  and  second  tcmftoral  convolu* 
tions  of  the  temiwro-sphenoidal  lobe,  which  are  supplied  by  the  fourth  branch 
of  the  middle  cerebral  artery,  This  has  been  ascertained  by  pathological 
observations  as  well  lis  l>y  experiniunt-s  on  the  lower  animals.  In  man  the 
action  of  these  centres  is  not  completely  crosseil,  and  destruction  of  the  een- 
trii  upon  one  side  does  not  cause  complete  dejifness  in  either  e^ir.  Complete 
destruction  of  the  centres  on  both  sides,  however,  prmiuees  total  deafness* 
Injury  of  the  first  tempond  convolution  is  often  follow*ed  by  the  condition 
kuow^n  as  word-deafness,  in  which  the  subject  hears  the  sound  of  woriis,  but 
these  sounds  convey  to  him  no  idea.     This  is  the  psychical,  auditory  centre, 
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and  it  is  confined  to  the  first  temporal  convolution,  on  the  left  side  (Wer- 
nicke). It  is  analogous  to  the  condition  already  described  under  the  name 
of  word-blindness,  and  like  the  centre  for  speech,  is  usually  confined  to  the 
left  side  of  the  cerebrum.  It  has  been  suggested  by  Westphal  that  this  cen- 
tre may  be  on  the  right  side  of  the  cerebrum,  in  left-handed  persons. 


CHAPTER  XXIV. 

ORGANS  AND  ELEMENTS  OF  GENERATION. 

Oeneral  considerations— Female  org&.is  of  generation — 0<>neral  arrangement  of  the  female  organs — ^The 
ovariea— Graafian  follicles— The  parovarium — The  utenie— The  Fallopian  tubes— Structure  of  the  ovum 
— Discharge  of  the  ovum— Passage  of  ova  into  the  Fallopian  tubes — Puberty  and  menstruation— Changes 
in  the  Graafian  follicle  after  its  rupture  (corpus  luteum)— Male  organs  of  generation— The  testicles — 
Vesicale  seminales— Prostate— Glands  of  the  urethra — Male  elements  of  generation— Spermatoroids. 

Generation  is  one  of  the  most  important  of  the  animal  functions,  and 
as  such  usually  is  treated  of  quite  fully  in  works  upon  physiology ;  but  a 
more  or  less  extended  account  of  this  function  is  also  to  be  found  in  every 
complete  treatise  on  anatomy  and  in  most  works  on  obstetrics.  While  the 
physiological  history  of  the  human  organism  would  not  be  complete  witliout 
touching  upon  generation  and  development,  it  does  not  seem  desirable  to 
give  a  very  full  description  of  these  processes,  in  which  there  would  neces- 
sarily be  a  repetition  of  what  is  always  to  be  found  in  works  upon  other 
subjects. 

The  question  of  so-called  spontaneous  generation  in  some  of  the  lower 
animals  was  formerly  much  discussed  by  physiologists.  This,  however,  is  now 
of  purely  historical  interest.  As  actual  knowledge  of  facts  has  accumulated, 
the  limits  of  what  was  thought  to  be  spontaneous  generation  have  become 
more  and  more  restricted ;  until  now  it  is  generally  admitted  that  sponta- 
neous generation  does  not  exist  in  the  history  of  animals.  The  entire  ques- 
tion, therefore,  may  be  dismissed  with  this  simple  statement.  There  are, 
however,  certain  distinct  forms  of  generation  ;  but  the  only  one  that  has  any 
considerable  importance  in  connection  with  human  physiology  is  generation 
of  new  beings  by  tlie  union  of  male  and  female  elements  in  the  fecundation  of 
the  ovum,  with  the  development  of  the  fecundated  ovum.  This  is  known  as 
sexual  generation.  The  two  elements  of  generation  are  developed  in  separate 
beings,  male  and  female,  and  these  elements  are  brought  together  normally 
in  what  is  known  as  sexual  connection,  or  copulation. 

Female  Okgans  of  Genekation. 

A  knowledge  of  certain  points  in  the  anatomy  of  the  female  organs  of 
generation  is  essential  to  tlie  comprehension  of  the  most  important  of  the 
processes  of  reproduction.      Following  a  fruitful  intercourse  of  the  sexes, 
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the  function  of  generation,  as  regards  the  male,  ceases  with  the  comparativelv 
simple  process  of  penetration  of  the  male  element  through   the  protective 
covering  of  the  ovum  and  its  fusion  with  the  female  element.     The  fecon- 
datetl  ovum  then  passes  tlirough  certain  changes,  which  fli*©  the  fimt  processes 
of  its  tlevelopmeiit,  forms  its  attiKrhments  to  the  body  of  the  mother,  con-j 
tinues  its  development,  and  h  nourisiied  and  grows,  nntil  the  foetus  at  term' 
is  brought  into  the  world.     It  will  not  be  necessary  to  desicribe  minutely  the 
anatomy  of  the  external  parts,  as  these  are  concerned  only  in  sexual  inter- 
course and  in  parturition ;  which  hitter,  though  a  purely  iihysiologic^d  pro 
cess,  forms  the  greatest  part  of  the  science  of  obstetrics,  is  considered  elabo- 
rately in  treatises  on  this  subject  and  usually  is  not  treated  of  to  any  great , 
extent  in  works  upon  physiology. 

1'he  female  organs  of  generation  are  divided  anatomically  into  internal 
and  externa!.  The  external  organs  are  the  vulva,  the  lidjaeent  parts  and  the 
vagina.  The  intci'iial  organs  are  the  uterus,  Fallopian  tubes  and  the  ovaries. 
The  ovaries  are  the  true,  female  organs,  in  which  alone  the  female  element ' 
can  l)e  produceil.  The  Fallopian  tul>es  and  the  utt^rus  are  acce&sory  in  their i 
uses,  the  female  element,  the  ovum,  passing  through  the  Falh^pian  tubed 
to  the  uterus,  where  it  forms  the  attiichments  to  the  body  of  the  mother, 
which  are  essential  to  its  uourishment  and  full  development  after  fecunda- 
tion. 

The  vagina  has  a  direction,  slightly  curved  anteriorly^  which  is  nearly 
coincident  with  the  axis  of  the  outlet,  or  the  inferior  stniit  of  the  pelvis. 
Projecting  into  tln^  vagina,  at  its  upper  extremity,  is  the  lower  part,  of  the 
neck  of  the  uterus.  The  uterus  extends  from  the  vagina  nearly  to  the  brim 
of  the  pelvis.  It  is  situated  l>etween  the  bladder  and  the  rectum,  and  has 
an  antcro-]iosterior  inclination  when  the  l»laddcr  is  moderately  (listcndedf.| 
whicli  brings  it^  axis  nearly  coincident  with  that  of  the  superior  strait  of  tfie 
pelvis.  With  the  body  erect,  tlie  angle  of  the  uterua  with  the  perpendicular 
is  about  forty- fivL^  degrees. 

The  uterus  is  lield  in  place  by  ligaments,  certain  of  which  are  formed  of 
folds  of  the  peritoneum.  The  anterior  ligament  is  reflected  from  the  atite^ 
rior  surface  to  the  bladder;  the  posterior  ligament  extends  from  the  poste* 
rior  surface  to  tlie  rectum  ;  the  round  ligaments  extend  from  tlie  upper  angle] 
of  the  uterus,  on  either  side,  between  the  folds  of  the  broad  ligament  and] 
through  the  inguinal  canal,  to  the  symphysis  pubis;  the  broad  ligaments  ex- 
tend from  the  sides  of  the  uterus  to  the  walls  of  the  pelvis. 

The  uterus  and  the  broad  ligaments  partially  divide  the  pelvis  into  two 
portions ;  and  these  ligaments,  which  are  formed  of  a  double  fold  of  perito- 
neum, present  a  superior,  or  posterior  surface,  and  an  inferior,  or  anterior  sur- 
face. The  superior,  or  anterior  border  of  this  fold  is  occupied  by  the  Fallo- 
pian tubes,  the  peritoneum  constituting  their  outer  coat  Latcnilly,  at  th« 
free  extremities  of  the  tubes,  the  peritoneum  ceases,  and  there  is  an  actual 
opening  of  each  Fallopian  tobe  into  the  peritoneal  cavity.  Attached  to  the 
broad  ligament  and  projecting  upon  it^  posterior  surface,  is  the  ovary,  which 
is  connected  with  the  fibrous  tissue  between  the  two  layers  of  the  ligament  and 
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has  no  proper  peritoneal  investment,  so  that  it  is  actually  within  the  peri- 
toneal cavity. 

Tlie  Ovaries. — The  ovarie.^,  uttaclied  to  tiie  broad  ligumenl  and  i>roject- 
ing  from  its  posterior  surface,  lie  nearly  liorizontally  in  the  pelvic  cavity,  on 
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either  side  of  the  nteriis.  They  are  of  a  whitish  color,  and  their  form  is 
0Toid  and  flattened,  with  the  anterior  border,  sometimes  called  the  haso, 
attached  to  tlie  broad  ligament.  By  closely  examining  their  mode  of  connee- 
tion  with  the  broad  ligament,  it  is  seen  that  at  the  margin  of  the  attached 
surface  of  the  ovary,  tiu>  posterior  layer  of  the  ligament  ceases,  and  that  the 
librous  stroma  of  the  meiUdlary  portion  of  the  ovary  is  continuous*  with  the 
fibrous  tissue  lying  between  the  two  layers. 

Eatdi  ovary  is  about  an  inch  and  a  half  (38-1  mm.)  in  length,  hjdf  an 
inch  (12*7  mm,)  in  thickness,  and  three-rjnarters  of  an  inch  (lt#'l  mm.)  in 
width  at  its  broadest  portion-  The  outer  extremity  is  somewhat  roundefl 
and  is  attached  to  one  of  the  timbrife  of  the  Tallopian  tube.  The  inner  ex- 
tremity is  more  pointed,  and  is  attached  to  the  side  of  the  uterus  by  means 
of  the  ligament  of  the  ovary.  This  ligament  is  shown  in  Fig.  275  (7,  7)* 
It  is  a  roundcil  cord,  composed  of  non*8triated  muscular  fibres  spread  out 
upon  the  att^iehed  extremity  of  tlie  ovary  and  the  posterior  surface  of  the 
uterus,  and  is  covered  by  peritoneum.  The  weight  of  each  ovary  is  sixty  to 
one  hundred  grains  (3i>  to  (i'5  grammes),  and  these  organs  are  largest  in  the 
adult  virgin.  Its  attiiehed  liorder  is  called  the  hilum ;  and  at  this  portion 
the  vessels  and  nerves  penetrate.  The  surface  is  marked  by  rtnmdetl,  trans- 
lucent elevations,  produced  by  distended  Graafian  follicles,  with  little  cica- 
trices indicating  the  situation  of  ruptured  follicles.  There  may  also  be 
seen,  between  the  distended  follicles,  corpora  hi  tea  in  various  stages  of 
atrophy. 
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The  surface  of  the  ovaries  does  not  present  the  apf>eanince  of  a  eofitJi 
ation  of  the  peritoneum.     At  the  base  is  a  distinct  line  miiroandiug 
hi  him,  wliich  inrlicaies?  where  the  peritoneum  ceasi*^  and  where  the  pr 
epithelial  covering  of  the  ovary  begins ;  and  there  is  a  weU-markod 
abrupt  distinction  between  the  endothelium  of  the  serous  surfjice  and 
layer  of  cvlindrical  cells  covering  the  ovary  itself.     There  seems  lo  he  lit 
difference  between  the  cells  covering  the  ovaries  and  thoik-  liniii^  the  Vnh 
pian  tnbe^  except  that  the  latter  are  provided  with  cilia. 

On  making  a  section  of  the  ovary,  it  is  readily  seen  by  Uk 
the  organ  is  composed  of  two  distinct  structui^es ;  a  cortical  -  i  ^  >r^ 

nierly  called  the  tunica  aJbuginea,  which  is  about  ^  of  sm  inch  (1  mm*)  in 
thickness,  and  a  medullary  substance  containing  a  large  numlier  i»f  blcMMi* 
vessels.  The  cortical  substance  alone  contains  the  Graafian  f<»llicU^  Thi' 
external  layer  of  this  is  denser  than  the  deeper  portion,  but  there  is  no 
distinct,  fibrous  membmne  such  as  is  sometimes  described  under  the  name  of 
the  tunica  albuginea. 

The  cortical  substance  of  the  ovary  consists  of  connective  tissue  in 
eral  layers,  the  fibres  of  which  are  continuous  with  the  looser  fibres  of 
medullary  portion.  In  the  substance  of  this  layer,  are  embedded  the  ov^ 
enclosed  in  the  ^cs  called  Graafian  follicleisi.  This  layer  contains  a  few 
hi  Of  h]- vessels,  coming  from  the  medullary  jiortiou.  which  surround  the  f<>l- 
licles. 

The  medullary  portion  of  the  ovary  is  very  vascular  and  i^ 
small  bands,  or  trabeeidci^  of  connective  tissue,  with  non-strs  i 
tibres.  The  blood-vessels,  which  penetrate  at  the  hilum,  are  large  and  wo* 
voluted,  es]3ecially  at  the  hilum  itself^  where  there  is  a  mass  of  convoluli^ 
veins,  forming  a  s^^rt  of  vascular  bulb  (Rouget).  In  the  me«lullary  portifm 
of  the  ovary,  which  is  M>metime4*  called  the  vascular  zone^  the  muscular  tihra 
follow  the  vessels,  in  the  form  of  muscular  sheaths. 

In  addition  to  the  blood- vessels,  the  ovary  receives  nerves  from  the  iper- 
matic  plexus  of  the  sympathetic,  the  exact  mode  of  termination  of  which  i 
not  been  a^Hjertained,     Lymphatics  have  also  been  demonstrated  at  the  hilii 

Graafian  FoUirlm, — These  vei*icles,  or  follicles,  were  describ<Ml  and  fig 
by  lycCri-aaf,  in  107*4,  and  are  known  by  his  name.  They  cont^iin  the  «>ti» 
undergo  a  s<^ries  of  j)ecuUar  changes,  enlarge,  approach  the  surface  of  ihii 
ovary,  and  finally  are  ruptured^  discharging  their  contents  inlc*  the  fimbriatiMl 
extremity  of  the  Fallopian  tul)e.     The  (Jraafian  follicles  arc  ilev  "  i- 

clusively  in  the  corticid  substance.  If  the  ovarj  be  examined  at  \>r  j.  .  4 
of  life,  no  follicleii  are  found  in  the  medullary  substance;  but  a  few  of  ihr 
larger  may  project  downward,  so  m  to  encroach  somewhat  u[ion  it,  ' 
actually  of  a  diameter  greater  than  the  thickne^  of  the  cortex.  The 
number  of  follicles  of  all  sizes  in  each  ovary  is  abi>ut  3B,(KKI  (HenW).  Ao> 
cording  to  the  table  of  measurements  given  by  Waldeyer.  the  primordial  frf* 
licles  in  the  human  embryon,  at  the  seventh  month,  measure  t ^y  '^  rft  ^ 
an  inch  (3*»  to  1<H>  fi)  m  diameter,  and  the  primordial  ova,  j^^  to  ^iVi  **' 
an  inch  (15  to  25  ft). 
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The  ovary  appears  very  early  in  embryonic  life,  in  the  form  of  a  cellular 
outgrowth  from  the  Wolffian  body.  Most  of  its  cells  are  small,  but  as  early 
as  the  fourth  or  fifth  day,  in  the  chick,  some  of  them  are  to  be  distinguished 
by  their  large  size,  their  rounded  form  and  the  presence  of  a  large  nucleus. 
These  cells  are  supposed  to  be  primordial  ova.  In  the  process  of  develop- 
ment of  the  ovary  some  of  the  peripheral  cells  penetrate  in  the  form  of  tubes 
(the  so-called  ovarian  tubes)  and  at  the  same  time,  delicate  processes,  formed 
of  connective  tissue  and  blood-vessels,  extend  from  the  fibrous  stroma  under- 
lying the  epithelium  and  enclose  collections  of  cells.  It  is  probable  that 
there  are  two  modes  of  formation  of  follicles ;  one,  by  the  penetration  of  epi- 
thelial tubes  from  the  surface,  which  become  constricted  and  divided  off  into 
closed  cavities,  and  the  other,  by  the  extension  of  fibrous  processes  from  be- 
low, which  enclose  little  collections  of  cells.  By  both  of  these  processes,  lit- 
tle cavities  are  formed,  which  contain  a  number  of  cells.  In  each  of  these 
cavities,  there  is  a  single,  large,  rounded  cell,  with  a  large  nucleus,  this  cell 
being  a  primordial  ovum ;  and  in  addition,  in  the  same  cavity,  there  are  other 
cells,  which  are  the  cells  of  the  Graafian  follicle.  The  exact  nature  of  the 
processes  just  described  has  been  studied  in  the  chick;  but  it  is  probable 
that  the  same  kind  of  development  occurs  in  mammalia  and  in  the  human 
subject. 

From  birth  until  just  before  the  age  of  puberty,  the  cortical  substance  of 
the  ovary  contains  several  thousands  of  what  are  termed  primordial  follicles, 
enclosing  the  primordial  ova ;  and  it  is  probable  that  after  the  ovaries  are 
fully  developed  at  birth,  no  additional  ova  or  Graafian  follicles  make  their 
appearance.  The  prevailing  idea  is,  indeed,  that  the  great  majority  of  these 
never  arrive  at  maturity,  and  that  they  undergo  atrophy  at  various  stages 
of  their  development.  In  the  adult,  according  to  Waldeyer,  the  smallest 
Graafian  follicles  measure  -^^  to  ^^  of  an  inch  (30  to  40  /ia),  and  the  small- 
est ova,  a  little  more  than  y^Vrr  of  an  inch  (26  /ia).  The  primordial  ova  have 
the  form  of  rounded  cells,  each  with  a  large,  clear  nucleus  and  a  nucleolus. 
Other  structures  are  developed  in  and  surrounding  these  cells,  as  the  ova  ar- 
rive at  their  full  development. 

The  most  important  stage  in  the  development  of  the  ova  and  Graafian 
follicles  is  observed  at  about  the  period  of  puberty.  At  this  time  a  number 
of  follicles  (twelve,  twenty,  thirty  or  even  more)  enlarge,  so  that  all  sizes  are 
observed,  between  the  smallest  primordial  follicles,  -^  of  an  inch  (30 /ia),  and 
the  largest,  nearly  ^  an  inch  (12  mm.)  in  diameter.  In  follicles  that  have 
attained  any  considerable  size,  there  are  the  fully  developed  ova,  one  in  each 
follicle — except  in  very  rare  instances,  when  there  are  two — and  these  ova 
have  a  diameter  of  about  yfy  of  an  inch  (200  /*).  In  the  process  which  cul- 
minates in  the  discharge  of  the  ovum  into  the  fimbriated  extremity  of  the 
Fallopian  tube,  the  Graafian  follicle  gradually  enlarges,  becomes  distended 
with  liquid  and  finally  breaks  through  and  ruptures  upon  the  surface  of  the 
ovary. 

Fig.  276  shows  the  follicles  and  ova  of  various  sizes.  It  is  observed  that 
the  larger  follicles  contain  fully  formed  ova  and  have  a  proper,  fibrous  coat. 


Fm.  Zt^.—PortUm  cf  a  tngiUal  aectinm  of  ike  orturif  of  an  oJVf  bitch  < WkUS^jctk 

a,  ovariar  ^f >-»-'■ *   »-  "irian  tubes  :  c,  c*y<xinff«r  foUfcle*  :  d,  older  follicle :  #.  ai«ru»  f 

with  u  of  n  necoiiid  ovum  in  tbt*  same  follicle  ;  y,  fibrous  ciMU  «#  1 

A.  pr  ie :  ^,  epitbelium  af  tb(»  fnlli^I^  Jni«*mbr&na  f^raauli 

trmiisv«r»ly  :  y,  ttibtiJjir  rtPtwriMlion  of  the  ovuri&ci  timae  ot  ttie  otwj  ;  j 

iifii^  of  the  or&rijui  epUbelliuiii  clofe  to  tb^  lowt^r  ( 

project  just  benenth  the  surface  and  form  little,  founded,  trandnoeiil " 
lions.  The  smallest  follicles  are  neur  the  surface,  and  as  ther  enlai|?M 
first  they  become  deeper,  m  h  seen  in  Fig.  276,  t>e€oming  superficial  otily  i 
they  approach  the  condition  of  fullest  distention^ 

Taking  one  of  the  larj^e^t  follicles  as  an  example,  two  fibrous  I 
be  distinguished ;  an  outer  layer,  of  ordinary  connective  tissue,  an<i 
layer,  the  tunica  propria,  formed  of  the  same  kind  of  tissue^  with  the  difle 
ence  that  as  the  follicle  enlarges  the  inner  layer  becomes  TUficular. 
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vaseniar  timioa  prnpria  is  lined  by  cells  of  epitheliiiin,  forming  the  so-called 
membmna  gmnuloHa*  At  a  certiuii  point  in  this  membrane,  is  a  mass  of 
ce1U«  called  the  discus  or  cumnliis  proligerus,  in  wliich  the  ovum  is  embedded. 
The  situation  of  the  dii^eu«  |>rub*geru8  is  not  invariable ;  sometimes  it  is  at 
the  most  snperficial,  and  soinetiuies  it  is  at  the  deejtest  part  of  the  Graafian 
follicle. 

The  liquid  of  the  Gnuifian  follicle  is  tUkalinc%  slightl}^  yellowish  and  not 
viscid.  It  contiiins  a  small  (jamitity  of  albuminoid  matter,  cnagulable  by  heat, 
•Sleohol  and  arids.  This  liquid  is  supposed  to  be  secreted  by  the  cells  lining 
the  inner  membrane  of  the  foUiele. 

The  Parovarium, — The  parovarium^  or  org^an  of  Roaenmiiller,  is  simply 
the  remains  of  the  WuUlian  body,  lying  in  the  fnlds  of  the  broad  liganuuU, 
Ijetween  the  ovary  and  the  Fallopian  tube.  It  consists  of  twelve  to  fifteen 
tulx^s  of  fibrous  tissue,  lined  by  ciliated  epithelium.  It  has  no  physiological 
imimrtiince. 

lite  Viarus, — ^The  form,  situation  and  relations  of  the  uterus  and  Fallo- 
pian tubes  have  ali-eady  been  indicated  and  are  shown  in  Fig,  275. 

The  uterus  is  a  pear-shaped  body,  son^ewhat  flattened  an tero- posteriorly, 
preaenting  a  fundus,  a  body  and  a  neck.     At  its  lower  extremity,  is  an  open- 
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TiQ.  2T7,— Virgin  utf'rus,    A.^<tnterior  vutw     H      Kt<iiian  section,    C-—trtin9Vfr*t*  iufctiOH  i&(ijtj¥^y). 

A.  1.  btxlv  :  2,  2,  AiiR^leA :  3,  ctTvix  :  4,  sit<»  of  the  im  internum  ;  6,  va^iuA]  portJoa  of  the  i^enlx  ;  6,  ex- 

Uornii! « IB :  7.  7.  vajidnft. 

B.  1.  1*  proflin  of  tht*  iintfrlor  stiff  hob  ;  Z,  vpsicfHuterin**  rui'dt^-nnf'  t  S,  H.  iirofil^  of  the  porterlor  surfac**; 

4*  \HHiy ;  fi.  t«»«."k  :  <i,  iJithmiw  :  7,  cflvftv  of  the  hi>1>' :  «.  cavfrv  of  the  cervix  :  9,  os  internum  ;  10, 
tkuterior  Up  rvf  the  us  t-\:t**rnnm  :  n.  pfwtfrlor  hp  ;  12.  13.  voirina. 

C.  1,  cavity  of  the  hoclv  :  2.  Jftrfra)  wall  ;  3,  Kiiyierior  vaJI  :  4.  4,  mmim  ;  B,  08  internum  ;  d,  coTity  of  the 

oerirlx ;  7,  arbor  rft£e  of  the  cervix  ;  6>  os  externum  \  tl,  Q,  vaitina. 

ing  into  the  vagina,  called  the  os  externum.  At  the  upper  portion  of  the 
neck,  is  a  constriction^  whieii  indicates  the  situation  of  the  os  internum.  The 
form  of  the  uterus  is  shown  in  Fi^.  '^77  (A).  It  usnally  is  aliout  three  inches 
(76*2  mm.)  in  length,  two  inches  (50*8  mm.)  in  breailtb  at  its  widest  portion, 
and  one  inch  (2rr4  mm.)  in  thickness.  It^  weight  is  one  and  a  luilf  to  two 
and  a  half  ounces  (4!ii*5  to  71  grammes)*   It  is  somewhat  loosely  held  in  place 
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by  the  brciatl  and  round  ligaments  and  by  the  folds  of  the  peritanenm  \ 
front  and  beliind.  The  delicate  layer  of  peritoneum  whieh  fontis  ir^  rxtrrnail 
covering  extends  behind  as  far  down  ^  the  vuginii,  where  it  is  refitx^ed  bttik 
upjn  the  rectum,  and  anteriorly,  a  little  below  the  upper  extremity  of  the 
neek  (os  internum),  where  it  is  reflected  upon  the  urinary  bladder*  A I  tin* 
sides  of  the  uteru8,  the  peritoneal  rovering,  a  little  below  the  entnin*^  of  tbr 
Fallopian  tubes,  becomes  loosely  attached  and  leaves  a  line  for  tlie  penrtm- 


Flo.  278— JftMrta/ir  /IhvM  of  the  utents  (Snppey). 
A,  Abres  of  the  uterus  of  the  feet  us  at  term  ;  B,  of  a  wuruAU  twenty  y^Ani  of  m/ft :  C  €*f  a  Wimu*  m 

delWercil. 


tion  of  the  vessels  and  nerves.     Fig.  277  (C),  giving  a  view  dt  liit"  n«uMinri 
the  uterug,  shows  a  triangular  cavity,  with  two  cornua  corrL\si>otiding  toi 
openings  of  the  Fallopian  tubes,  and  very  thick  walls,  the  great<^.st  [»an  nf 
which  is  composed  of  layers  and  bands  of  non*striated  muscular  fibre-*. 

The  muscular  walls  of  the  uterus  are  composed  of  non-striutetl  fibr^^s  it: 
ranged  in  several  layers.  These  fibres  are  i?])in(lle-shaped  and  always  ntK'l»> 
ated,  the  nucleus  presenting  one  or  two  large  granules  which  have  ^»ci'n  Uikin 
for  nucleoli.  They  are  closely  bound  together,  so  that  they  are  isr»lat«Hl  witii 
great  difficulty.  In  mldition  to  an  anior|diou8,  adhesive  substance*  tK*twe«^n 
the  muscuhir  fibres,  there  are  many  rounrled  and  spindle-shaped  cells  of  con- 
nective  tissue,  and  a  few  elastic  fibres.  The  muscular  tissue  of  the  uterus  w 
remarkable  from  tlie  fact  that  the  fibres  enlarge  immensely  during  g€'9tatioi 
becoming  at  that  time  ten  or  fifteen  times  as  long  and  five  or  six  limes  I 
broad  as  they  are  in  the  unimpregnated  state.  They  are  anitcnl  into  bnu* 
dies  or  fasciculi,  whifh  in  certain  of  the  layers  int-erlace  with  each  other  i| 
every  direction.  The  fibres  are  divided  into  external,  nddtlle  and  inter 
layers. 

The  external,  muscular  layer,  which  is  very  thin  but  distinei,  i>  nu^r 
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atlaclie<l  to  the  peritone- 
iiHL  Wheu  the  uterus  is 
somewhat  enlarged  after 
iitipregiiatioiu  I  here  are  ob- 
served oblique  and  traus* 
verse,  superficial  fibres 
inji;sjs;tnj(  over  the  fundus 
and  the  anterior  and  pos- 
terior gorfjices  to  the  aides. 
Here  th'^v  are  prrjlnuged 
upon  the  Fallopian  tubes, 
the  round  ligament  and 
tile  ligament  of  the  ovary, 
and  they  aL^o  extend  be- 
tween the  layers  of  the 
ibroad  ligament  This  ex- 
ternal hiyer  is  so  thiTi  that 
it  can  not  be  very  elticient 
in  the  expulsive  contrac- 
tions of  the  uterus;  but 
from  its  connections  with 
the  Fallopian  tubes  and 
the  ligaments,  it  i&  useful 
in  holding  the  uterus  in  place. 


/. 


i^'-lnntr  laifcr  of  mtMcular  fibres  of  tfte  uterwt 

«,  «» rinj^  around  the  oiwnini^H  t*f  tlie  FiilloplAJJi  tubtie  ; 
ft,  6,  circular  tibrwi  of  Uve  cerxix. 


Fio,  i^.—Suptr/lcial  mtuie^tlar  flttreM  of  the  rtntitrior  turf  nee  of 

u,  a,  round  ligaments;  ft,  b.  Fallopian  tutt«»«:  c,c,c^e^e^  traosveree 
llbreH  ;  </«  /,  loiigitudinal  fibres. 


It  does  not  extend  entirely  over  the  sides  of 
the  uterus. 

The  middle,  muscular  layer  is 
the  one  most  eHieieut  in  the  partu- 
rient contractions  of  the  uterus*  It 
is  composed  of  a  thick  and  intri- 
cate net-wotk  of  fasciculi  iriterlac- 
ing  with  each  other  in  every  diree- 
tioiL 

The  inner,  muscular  layer  is  ar- 
nu\i]fed  iTi  the  form  of  broad  rings, 
which  surround  the  Fallopian  tnl>ea, 
become  larger  as  they  extend  over 
the  bwly  of  the  uterus  and  meet  at 
the  centre  of  the  organ .^  near  the 
neck. 

The  mucous  membrane  of  the 
uterus  is  of  a  pale,  re<kHsh  color; 
and  that  portion  lining  the  liody  is 
smooth  and  is  so  oloscOy  attached 
to  the  subjacent  structures  that  it 
can  not  be  separated  to  any  great 
extent  by  dissection.     There  is,  in- 
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deed^  no  prftper  Biibniucotis,  areolar  tissue,  the  membrane  being  applied  di- 
reetly  tu  the  uteriin^  walls.     It  is  covered  by  a  single  layer  of  cylindrical  epi- 
thelial cells,  with  delicate  cilia,  the  movements  of  which  are  from  without] 
inward,  towanl  the  openings  of  the  Fallopian  tnbes.     Examination  of  the  < 
surface  of  the  membnine  with  a  low  magnifying  power   shows  the  open- 
ings of  a  great  nnmber  of  tubular  glands.     These  glands  usually  are  sim- 
ple, sometimes  bmnched,  dividing,  about  midway  between  the  opening  and 
the  lower  extremity,  into  two  an<i  very  rarely  into  three  secondary  tubules,  - 
Their  course  generally  is  tortuous,  so  that  their  length  frequently  exceeds 
the  thickness  of  the  mucous  membrane.     The  openings  of  these  tubes  are  j 
about  ^Jt^  of  an  inch  (72  ft)  in  diameter*     Their  secretion,  which  forms  a^ 
thin  layer  of  mtieus  on  the  surface  of  the  membrane  in  health,  is  grayish, 
viscid  and  feebly  alkaline.     The  tubes  themselves  have  very  thin,  structure- 
less walls  and  are  linctl  with  eyhadrical,  eiliated  epithelial  cells. 

The  changes  which  the  mucous  membrane  of  the  body  of  the  uterus 
undergoes  during  menstruation  are  remarkable.  Under  ordinary  conditions 
its  thickness  is  ^  to  ^  of  an  inch  (1  to  TS  mm.) ;  but  it  me-asures  during 
the  menstrual  period  ^  to  f  of  an  inch  (4-2  to  <i'4  mm.). 

In  the  cervix  the  membrane  is  paler^  firmer  and  thicker  than  the  mem- 
brane of  the  body  of  the  uterus,  and  between  these  two  mucous  surface^  j 
there  is  a  distinct  line  of  deniarkati^m.  It  is  more  loosely  attaclied  to  the 
subjacent  tissue,  in  the  cervix,  and  the  anterior  and  posterior  surfaces  of 
the  neck  pi*esent  an  appearance  of  folds  radiating  from  the  median  line, 
forming  wlnit  has  been  called  the  arbor  vitfe  uteri,  or  plicae  palmnta^. 
Throughout  the  entire  cervical  menibriine,  are  mucous  glands,  and  in  atldi- 
tion,  in  tlie  lower  portion,  are  a  few  rounded,  semi-transparent,  closed  folU* 
cles,  called  tlie  ovules  of  Naboth,  wliich  are  cystic  enlargements  of  obstructed 
follicles*  The  upjier  half  of  tlic  f  ervic  al  membrane  is  smooth  but  the  lower 
half  presents  a  large  number  of  villi.  The  epithelium  of  the  cervix  present*  | 
great  variations  in  its  cltaracter  in  fiilTerent  individuals.  Before  the  time  of 
puberty  tlie  entire  membrane  of  the  cervix  is  covered  with  ciliated  epithe- 
lium. After  puberty,  however,  the  epithelium  of  the  loiver  portion  changes 
its  chanicter,  and  there  are  cylindrical  cells  above,  with  squamous  cells  in 
the  inferior  i>ortion.  The  latter  extend  upward  in  the  neck,  to  a  variable 
distance. 

The  blood-vessels  of  the  uterus  are  very  large  and  present  certain  impois 
tant  peculiarities  in  their  arnmgement*  The  uterine  arteries  pass  between 
the  layers  of  the  broad  ligament,  to  the  neck,  aiui  then  ascend  by  the  sideaj 
of  the  uterus,  presenting  a  rich  plexus  of  vessels,  anastomosing  above  with^ 
branches  from  the  ovarian  arteries,  sending  branches  over  the  body  of  the 
nteruB,  and  finally  penetrating  the  organ,  to  be  distributefl  mainly  in  the 
middle  layer  of  muscular  fibres.  In  their  course  these  vessels  present  a  con- 
voluted arrangement  and  form  a  sort  of  mould  of  the  body  of  the  uterus. 
Rouget  has  called  this  the  erectile  tissue  of  the  internal  genenitive  organs. 
It  lacks,  however,  certain  of  the  characters  of  true,  eret*tile  tissue.  By 
placing  the  pehis  in  a  bath  of  warm  water  and  injecting  what  he  called  the 
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spongy  bodies  of  the  ovaries  and  uterus,  by  the  ovarian  veins,  he  produced  a 
distention  of  the  vessels  and  a  sort  of  erection,  the  uterus  executing  a  raove- 
ment  upward. 

In  the  muscular  walls  of  the  uterus,  are  large  veins,  the  walls  of  wliich 
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Fio.  ^i.—Btcod-vt»»et*  o/  the  wferuj  a  tut  ovnries ;  posterior  view  CRouj?«t). 
T,  T,  Faltoplan  tubes  :  O,  O,  ovarit* ;  U,  uterus ;  V,  vaKitiA  ;  P,  i>ubl8  ;  L.  atili?r1or  nuiDcl  ttgnmt^at  \  1, 
ij  rnujvLMiIar  llbrvs  tif  tht*  vajuriiiH  ;  ^,  4,  llj^anient  of  Ihe  ovary  ;  5,  superior  roumi  li^ami'tit  •,  tJ,  ova- 
mn  nru*ry  ;  7,  ovarian  vein  ;  «,  uterine  artery  \  »,  uterine  veiu  ;  10,  ii,  uterlue  plexus  :  12,  vaginal 

pltfXUH> 

are  closely  adherent  to  the  uterine  tissue.  Durin;?  gestation  tliese  vessels 
become  enlarged,  forming  the  so-called  uterine  siiiutios. 

Lymphatics  are  not  very  abundant  in  the  unimpregnated  uterus,  but  they 
become  largely  developed  during  gestation.  They  exist  in  a  superficial  and 
a  deep  layer,  the  deeper  vessels  being  connected  with  lyniiih-spaces  in  the 
muscular  walls  and  in  the  mucous  membrane. 

The  uterine  nerves  are  derived  from  the  inferior  hypogastric  and  the 
spermatic  plexuses,  and  the  third  and  fourth  sacrah  In  tlie  substance  of  the 
uterus  they  present  in  their  course  small  collections  of  ganglionic  cells,  and 
it  is  said  tlmt  the  nerves  povss  finally  to  the  nucleoli  of  t!ic  muse  alar  tibres 
( Fmnkenhaeuser), 

The  FaUopian  Tnhefi. — The  Fallopian  tubes,  or  yvidut-ts,  lead  from  the 
ovaries  to  the  uterus.  They  are  shown  in  Fig.  :i75.  These  tubes  are  three 
to  four  inches  (I'i^  to  10*1  centimetres)  long,  but  their  length  is  not  always 
equal  upon  the  two  sides.  They  lie  between  the  folds  of  the  broad  lig^xment, 
at  its  upper  border.  Ojicning  into  the  uterus  upon  either  side  at  the  cornua, 
they  present  a  small  orifice,  about  ^^  of  an  inch  (1  mm.)  in  diameter.  From 
the  cornua  they  take  a  somewhat  undulatory  course  outward,  gradually  in- 
creasing in  size,  so  that  they  are  rather  trumpet-shaped.     Near  the  ovary 
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they  turn  downward  aud  backward.    The  extremity  next  the  ovary  is  marked 
by  ten  to  tifteen  fimbria^  or  frintre.%  wljich  have  given  thk  the  name  of  the 
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fimbriated  extremity,  or  morsns  diaboli.  All  of  these  fringe- like  processes 
are  free  except  one ;  and  this  one,  wiiieh  is  longer  than  the  others,  is  attached 
to  the  onter  angle  of  the  ovary  and  presents  a  little  gutter,  or  furrow,  extend- 
iug  from  the  ovary  to  the  opening  of  the  tube.  At  this  extremity,  is  the 
abdominal  opening  of  the  tube,  which  is  two  or  three  times  larger  than  the 
uterine  opening.  Piu^iiig  from  the  utenis,  the  caliber  of  the  tulje  gradually 
increases  as  the  tuljc  itself  enlarges,  and  there  is  an  abrupt  constriction  fit 
the  abdominal  opening. 

Beneath  tlie  peritoneal  conU  which  is  formed  by  the  layers  of  the  broad 
hgament,  is?  a  layer  of  connective  tissue,  containing  a  rich  plexus  of  blood- 
vessels.    This  constitutes  the  proper,  fibrous  coat  of  the  Fallopian  tubes. 

The  muscular  layer  is  composed  nuiinly  of  circukr  fibres  of  the  non-stri- 
ated variety,  with  a  few  longitndinal  fibres  prolonged  over  the  tube  from  the 
external,  nniscnlar  layer  of  the  uterus.  This  coat  is  quite  thick  and  sends 
bands  tjetween  the  layers  of  the  brojid  ligament,  to  the  ovary. 

The  mucous  menihrane  of  the  tube  is  thrown  into  folds,  which  arc  longi- 
tudinal and  transverse  ucar  the  utenmand  are  more  complicated  at  the  dilated 
portion.  In  this  portion,  next  the  ovary,  embracing  al>out  tho  outer  two- 
tliirds,  the  folds  project  far  into  the  caliber  of  the  tnlje*  These  are  some- 
times simple,  but  more  frequently  they  preseTjt  secoridary  folds,  often  meet- 
ing as  they  project  from  opposite  sides.  This  arrangement  givers  an  arboress- 
cent  apjjcai^ance  to  the  membrane  on  transverse  section  of  the  tube.  The 
mucous  membrane  is  covered  by  cylindrical  ciliat4?d  epithelium,  the  move- 
ment of  the  cilia  being  from  the  ovary  toward  the  uterus.  The  membrane 
of  the  tubes  has  no  mucous  glands. 

It  is  not  necessary  to  give  a  minute  description  of  the  external  organs  of 
the  female.  Opening  by  the  vulva  externally,  and  terminating  at  the  neck 
of  the  uterus,  is  a  membranous  tube,  the  vagina.  Tliis  lies  Ijetween  the  blad- 
der and  the  rectum.     It  has  a  cuiTed  direction,  being  about  four  inches  (10 
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centimetres)  long  in  front,  and  five  to  six  inches  (r2'7  to  15'2  oentimetree) 
^g  po^eriorly.     At  tht*  coiistrieted  portion  ut  the  outer  opening,  iliere  is 
mimcle,  culled  the  gpiiincter  vaginiv,  and  the  tube  is  somewhat  narrowed 
its  upper  end,  where  it  embraces  the  cervix  uteri.     The  inner  surface  pre* 
Its  a  miieous  membrane,  nmrked  by  transvei'se  mg^e,  with  papilla?  and 
ucous  glands.    Its  surface  is  covered  with  flattened  ejiithelium.    The  vagina 
quite  extensible,  as  it  must  be  during  parturition,  to  aHow  the  passage  of 
e   chiUh     It  pre- 
iits  a  projier  coat 
of  dens(%  fibrous  tis- 
sue, with  Jongitud- 
iiml     and    circular 
usoular    fibres   of 
e  non-striated  va- 
ty.    Surrounding 
is  a  mtlier  loose, 
culled  erectile  tis- 
which  is  most 
ominent     at     its 
lower  portion. 

The  parts  com- 
posing the  external 
organs  are  abund- 
antly supplied  with 
vesvsels  and  nerves. 
In  the  clitoris, which 
corresponds    to  the 

jK-nis  of  the  male,  and  on  either  side  of  the  vestibule,  there  ia  a  true,  erectile 
tissue. 

Stnuittrenf  ih^.  Ortim. — The  ovum  lies  in  the  Graafian  follicle,  embedded 
in  the  miiss  of  cells  winch  constitutes  the  discus  pnjligerus  (Von  Baer,  1827). 
Within  the  discus,  surrounding  the  ovum,  there  seem  to  be  two  kinds  of 
cells;  (1)  cells  evidently  belonging  to  the  Grmifian  follicle  and  similar  to  the 
cells  in  other  parts  of  the  loembrana  granulosa ;  ('^)  a  single  layer  of  columnar 
cells  belonging  to  the  ovum  and  probably  concerned  in  the  production  of  the 

K'oper  mend>rane  of  the  ovum,  the  \itelline  membrane.  Regarding  the 
telline  membrane  as  the  external  covering,  the  ovum  appears  to  l>e  com- 
>sed  of  (1)  a  clear,  transparent  membrane;  (2)  a  granular  nuiS8(the  vitellus) 
ling  this  membrane  completely;  (;])  a  large,  clear  nucleus,  called  the  ger- 
minal vesicle;  and  (4)  a  nucleolus,  called  the  germinal  spot. 

The  diameter  of  the  ripe  o\iim,  in  the  human  subject  and  in  mammals, 
is  about  j^j  of  an  inch  (2UUfA),  and  its  furm  is  globular.    The  external  mem- 
brane of  the  ovum  is  clear,  marked  by  fine,  transvei^se  lines,  quite  strong  and 
isting,  and  measures  about  ^(^  of  an  inch  (10  p)  in  thickness.    It  ap|>ears 
a  transparent  ring  in  the  mass  of  cells  in  wiiich  the  ovum  is  embedded, 
and  forma  what  is  called  the  zona  (>ellucida.     The  primordial  ovum  has  at 
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first  no  special,  investing  membrane ;  bat  as  it  develops,  it  presentg^  Burronnd- 
ing  the  vitellus,  a  single  Jtiyer  of  columnar  cells.  At  the  deei^est  portion  ^f 
these  cells,  a  homogeneous  btisement^menibrane  is  giwiually  formed,  ami  ihr 
cells  undergo  as<3rt  of  cuticukr  transformation,  becoming  finally  the  vitdlimj 
membrane. 

An  important  point,  in  this  connection,  is  the  question  of  the  exi^lenc 
of  pores,  or  perforations  in  the  vitelline  membrane.    As  will  be  seen  fanh 
on,  there  can  be  no  doubt  with  regard  to  the  actual  penetration  of  the  i 
matozoids  through  this  membmne,  so  that  they  come  in  contact  with 
vitellus;  and  it  is  in  this  way  that  the  o\^m  is  fecundated.     In  the 
fiflhea  and  in  mollusks,  there  seems  to  be  no  question  with  regard  to  the 
existence  of  a  number  of  pores  in  the  vitcllitie  membrane ;  but  these  ane  Dot 
easily  demonstrated  in  the  ova  of  mammals.     Admitting  the  existence  of  ^ 
micropyle  and  pores  in  the  vitelline  membmne  in  fishes  and  tnolluska,  it  ii 
certain  that  openings  are  very  much  more  indistinct,  if  they  can  be  seen  ni 
all,  in  the  ova  of  mammals ;  but  the  fact  of  the  actual  penetration  of  gjier- 
matozoida  almost  of  necessity  presupposes  the  presence  of  orifices.     It  mu.«t 

be  difficult,  in  examiuing  a  perfectly  traD^ 
parent  and  homogeneous  membrane  in  water, 
which  would  fill  up  all  pores,  to  distingaia^^M 
any  openings,  and  their  presence  is  to  b^H 
admitted,  mainly  because  the  spermatoxoidi 
are  known  to  pass  tli  rough.  The  idea  of 
their  existence  in  mammals  certainly  ro* 
ceives  support  from  analogy  with  the  lower 
forms  of  animals. 

The  vitellus  contains  the  elements  which 
are  to  undergo  development  into  the  embry- 
on.    It  is  composed  of  a  semi-fluid  mtL^.  co 
taining,  in  addition  to  the  germinal  ve^irli 
large  numbers  of  granules.     Some  of  lb 
granules  are  large,  strongly  refracting,  glol 
ular  bodies,  which   are  so    bright  and  m 
d'*gtS^?^V;*'r'VS^2^  abundant  that  they  obscure  the  other  parts 

of  the   vitellus.     Between  these,  are  maxi] 
albuminoid  granules,  which  are  much  smaller  and  not  so  distiuot 

The  germinal  vesicle,  sometimes  called  the  vesicle  of  Purkitije,  is 
enlarged  nucleus  of  tiie  primordial  ovum.     It  is  a  clear,  globular  vcsi< 
aboot  -^  of  an  inch  (45 /i)  in  diameter,  embedded  in  the  vitullns,  its  position 
varying  in  different  ova.    It  presents  in  \ts  interior  a  number  of  fino  granul 
and  a  large,  dark  sjwt,  c<alled  the  germinal  spot,  or  the  spot  of  Wagner,  whi 
measures  about  ^^^  of  an  inch  (7fi)  in  diameter.     This  spot  corresponds  to 
the  nucleolus  of  the  primordial  ovum.     In  mammals  the  mature  ovum 
tains  but  one  germinal  vesicle  and  one  germinal  spot. 

Discharge  of  the  Ovum. — A  ri|3e  Graafian  follicle  measures  )  to  |  of  an 
inch  (10  to  12  mm.)  in  diameter,  and  ivresents  a  rounded  elevation,  contaio* 


^b 


and  r»niijct'<] 

o,  epithelium  of  the  oxxmt  t  b,  zona  p<»llu 

cfda,  "nith  radlatiDi^  stHatinoA  ivit^l- 
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ing  a  plexus  of  blood-vessels,  upon  the  surface  of  the  ovary.  At  its  most 
prominent  portion,  is  an  ovoid  spot  in  which  the  membranes  are  entirely  free 
from  blood-vessels.  At  this  spot,  which  is  called  the  macula  folliculi,  the 
coverings  finally  give  way  and  the  contents  of  the  follicle  are  discharged. 
For  a  short  time  anterior  to  the  rupture  of  the  follicle,  important  changes 
have  been  going  on  in  its  structure.  In  the  first  place,  the  non-vascular  por- 
tion situated  at  the  very  surface  of  the  ovary  undergoes  fatty  degeneration, 
by  which  this  part  of  the  wall  gradually  becomes  weakened.  At  the  same 
time,  at  the  other  portions  of  the  follicle,  there  is  a  proliferation  of  cells 
which  project  into  the  interior,  and  an  extension,  into  the  interior,  of  blood- 
vessels in  the  form  of  loops.  These  changes,  with  an  increase  in  the  pressure 
of  liquid  and  the  fatty  degeneration  of  the  macula,  cause  the  follicle  to  burst ; 
and  with  the  liquid,  the  discus  proligerus  and  the  o^iim  are  expelled.  The 
formation  of  a  cell-growth  in  the  interior  of  the  follicle  is  the  beginning  of 
the  corpus  luteum ;  and  this  occurs  some  time  before  the  discharge  of  the 
ovum  takes  place. 

The  time  at  which  the  follicle  ruptures,  particularly  with  reference  to  the 
menstrual  period,  is  not  definite ;  but  it  is  certain  that  while  sexual  excite- 
ment probably  hastens  the  discharge  of  an  ovum  by  producing  a  greater  or 
less  tendency  to  congestion  of  the  internal  organs,  ovulation  takes  place  in- 
dependently of  the  action  of  coition.  The  opportunities  for  determining 
this  fact  in  the  human  female  are  not  frequent ;  but  it  has  been  fully  dem- 
onstrated by  observations  upon  the  inferior  animals,  and  there  is  now  no 
doubt  with  regard  to  the  identity  of  the  phenomena  of  rut  and  of  menstni- 
ation.  At  stated  periods  marked  by  the  phenomena  of  menstruation,  one 
Graafian  follicle — and  sometimes  more  than  one — becomes  distended  and 
usually  ruptures  and  discharges  its  contents  into  the  Fallopian  tubes.  This 
discharge  of  an  ovum  or  ova  may  occur  at  the  beginning,  at  the  end,  or  at 
any  time  during  the  continuance  of  the  menstrual  flow.  Upon  this  point  the 
observations  of  Coste  seem  entirely  conclusive.  In  a  woman  who  died  on  the 
first  day  of  menstruation,  he  found  a  recently  ruptured  follicle  ;  in  other  in- 
stances, at  a  more  advanced  period  and  toward  the  decline  of  the  menstrual 
flow,  he  found  evidences  that  the  rupture  had  occurred  later ;  in  the  case  of 
a  female  who  drowned  herself  four  or  five  days  after  the  cessiition  of  the 
menses,  a  follicle  was  found  in  the  right  ovary,  so  distended  that  it  was  rupt- 
ured by  very. slight  pressure;  and  other  instiinces  were  observed  in  which 
follicles  were  not  ruptured  during  the  menstrual  period. 

Passage  of  Ova  into  the  Fallopian  Tubes. 

The  fact  that  the  ova  in  the  great  majority  of  instances  pass  into  the 
Fallopian  tubes  is  sufficiently  evident.  The  fact,  also,  that  ova  may  fall  into 
the  cavity  of  the  peritoneum  is  illustrated  by  tlie  occasional  occurrence  of 
extrauterine  pregnancy,  a  rare  accident,  which  shows  that  in  all  probability 
the  failure  of  unimpregnatod  ova  to  enter  the  tubes  is  exceptional.  As  regards 
the  mechanism  of  the  passage  of  the  ova  into  the  tubes,  however,  the  expla- 
nation is  difficult.     At  the  present  time  there  are  two  theories  with  regard 
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to  this  process;  one,  in  which  it  is  supposcti  tliat  the  fimbriated  extremitio 
of  the  Fallopiiin  tubes,  ut  the  time  of  rupture  of  the  Graafian  foUicle*,  Ixs 
come  adapted  to  the  surface  of  the  ovaries;  and  the  othen  that  the  ova  m 
carried  to  the  openings  of  the  tubes  by  ciHary  currents.     Neither  of  tht*« 
tJieories,  however,  is  susceptible  of  actiia!  demonstration ;  and  tlieir  valut'  k  t<t 
he  judged  from  anatomical  lact^.     It  is  not  dittieult  t^  understand,  takint; 
into  account  the  situation  of  the  ovaries  and  the  relations  of  the  Fallopi;m 
tubcfi^  how  an  ovum  may  pass  into  the  tube,  without  invoking  the  aid  of 
muscular  action.     It  may  l>e  supposed,  for  example,  that  a  Graafian  folltilt 
is  ruptured  when  tJie  titubriated  extremity  of  the  tube  is  not  applied  t^j  ihr 
surface  of  the  ovary.     One  of  the  fimbriae,  longer  than  the  othere,  is  at* 
tached  to  the  outer  angle  of  the  ovary  and  presents  a  little  furrow,  or  ^n*^.^r 
leiiding  to  the  opening  of  the  tube.     This  furrow  is  lined  by  ciliated  i^| .; 
Uum,  as  indeed,  is  the  mucous  membrane  of  all  of  the  fimbriae,  the  n»0Te* 
ments  of  which  produce  a  current  in  the  direction  of  the  opening,  which 
w^ould  apparently  be  sufficient  to  carry  the  ovum  into  the  tube.     At  the  stmv 
time  there  probably  is  a  constant  flow  of  liquid  over  the  ovarian  **ti 
ilirected  by  the  ciliary  current  towai'd  the  tulje;  and  when  the  liquid  u;  -  . 
ruptured  follicle  is  discharged  this,  with  the  ovum,  takes  the  same  course 
(Becker),     This  probably  is  the  mechanism  of  the  j>assage  of  the  ova  iiit*! 
the  Fallopian  tubes;  and  it  is  possible  that  the  fimbriated  extrt^mity  may  k 
drawn  toward  the  ovarian  surface,  although  it  is  diflicult  to  understand  how  it 
can  l)e  closely  a])i)]ied  to  t)ie  ovary  and  exert  any  considerable  pressure  npun 
the  distended  follicle.     It  is  proper  to  note,  also,  that  the  conditions  depend- 
ent upon  the  currents  of  liquid  directed  by  the  movements  of  cilia  are  con- 
stant and  could  influence  the  pjissage  of  an  ovum  at  whatever  time  it  mi;rl»t 
be  discliargtnl,  while  a  muscular  action  w^ould  he  more  or  less  intermittent- 

Pnberft/  and  Mentit  runt  ion, — At  a  certiiin  perifjd  of  life,  usually  between 
the  ages  of  thirteen  and  fifteen,  the  human  female  utidergoe^  a  remarkable 
change  and  arrives  at  what  is  tei-med  the  age  of  puberty.  At  thia  time  there 
is  a  marked  increfiae  in  the  gejieral  development  of  the  body  ;  the  Iimb$  be- 
come  fuller  atul  more  rounded ;  a  growth  of  hair  makes  its  ap}>earanee  ujj^id 
the  mons  Veneris;  the  mamnuiry  glands  increase  in  size  and  take  on  a  new 
stage  of  development;  Graafian  follicles  enlarge,  and  one  or  more  ap[>n3iM!i 
the  condition  favorable  to  rupture  and  the  discharge  of  ova.  The  female 
becomes  capable  of  impregnation,  and  continues  so,  in  the  ab^nee  of  patho* 
logical  conditions,  until  the  cessation  of  the  menses. 

The  age  of  puberty  is  earlier  in  warm  than  in  eokl  climates;  and  many 
instances  are  on  record  in  which  the  menses  have  appeared  exceptionally 
much   before  the  usual  period.     Genemlly  at  the  age  of  forty  or  T  *  »-. 

the  menstrual  flow  liMx^omes  irregular,  oceaaiDnally  hising  its  sum  _  l^ 

character,  and  it  usually  ceases  at  about  the  age  of  fifty  years.  It  is  said  tiiai 
sometimes  the  menses  return,  with  a  second  ])erioii  of  feeundity,  though  this 
is  rare.  According  to  most  writers,  while  climate  has  a  certain  influeuw 
over  the  time  of  cessation  as  well  as  the  first  ap{>earance  of  the  menees,  thi.^ 
18  not  very  marked.     When  the  menses  appear  early  in  life,  they  usually 
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cease  at  a  correspondingly  early  period ;  but  this  is  by  no  means  constant 
There  are,  also,  many  exceptions  to  the  ordinary  limits  to  the  period  of  fe- 
cundity. 

Although  there  is  a  periodical  condition  of  heat  in  the  lower  animals, 
connected  with  ovulation,  a  sanguineous  discharge  from  the  genital  organs 
is  not  often  observed.  It  is  only  in  monkeys  that  there  is  a  counterpart  of 
what  occurs  in  the  human  female ;  and  observations  upon  these  animals  have 
shown  that  they  are  subject  to  a  monthly  discharge  of  blood,  at  this  time 
giving  evidence  of  unusual  salacity. 

In  the  human  female,  near  the  time  of  puberty,  there  is  sometimes  a  peri- 
odical, sero-mucous  discharge  from  the  genital  organs,  preceding,  for  a  few 
months,  the  regular  establishment  of  the  menstrual  flow.  Sometimes,  also, 
after  the  first  discharge  of  blood,  the  female  passes  several  months  without 
another  period,  when  the  second  flow  takes  place  and  the  menses  then  be- 
come regular.  In  a  condition  of  health  the  periods  recur  every  month, 
until  they  cease,  at  what  is  termed  the  change  of  life.  In  the  majority  of 
cases  the  flow  recurs  on  the  twenty-seventli  or  the  twenty-eighth  day ;  but 
sometimes  the  interval  is  thirty  days.  As  a  rule,  also,  utero-gestation,  lacta- 
tion, and  severe  diseases,  acute  and  chronic,  suspend  the  periods ;  but  this 
has  exceptions^  as  some  females  menstruate  regularly  during  pregnancy,  and 
it  is  not  very  uncommon  for  the  menses  to  appear  during  lactation. 

Removal  of  the  ovaries,  especially  when  this  occurs  before  the  age  of 
puberty,  usually  is  followed  by  arrest  of  the  menses.  It  is  a  well  known  fact 
that  animals  do  not  present  the  phenomena  of  heat,  after  extirpation  of  the 
ovaries.  Raciborski  has  quoted  cases  of  this  operation  in  the  human  subject, 
in  which  the  menses  were  arrested ;  but  this  rule  does  not  appear  to  be  abso- 
lute, as  Storer  has  reported  at  least  one  case,  in  which  menstruation  contin- 
ued with  regularity  for  more  than  a  year  after  removal  of  both  ovaries. 
Thomas,  in  three  cases  of  removal  of  both  ovaries  from  menstruating 
women,  which  he  followed  for  five  and  a  half  months  to  two  years  and 
eleven  months  after  the  operation,  noted  no  return  of  menstruation ;  but  in 
one  case,  nearly  six  months  after  the  operation,  the  patient  liad  "  a  bloody 
discharge  from  the  vagina  and  all  the  symptoms  accompanying  the  men- 
strual function."     Other  cases  of  this  kind  are  on  record. 

When  a  cow  gives  birth  to  twins,  one  a  male  and  the  other  apparently  a 
female^  the  latter  is  called  a  free-martin  and  generally  has  no  ovaries.  John 
Hunter,  in  his  paper  on  the  free-martin,  gave  a  full  description  of  this 
anomalous  animal  and  stated  that  it  does  not  breed  or  show  any  inclination 
for  the  bull.  In  an  examination  of  a  free-martin,  raised  and  killed  by  the 
late  Prof.  James  R.  Wood,  in  1808,  the  uterus  was  found  rudimentary  and 
there  were  no  ovaries  (Flint). 

A  menstrual  period  presents  three  stages :  first,  invasion ;  second,  a  san- 
guineous discharge ;  third,  cessation. 

The  stage  of  invasion  is  variable  in  different  females.  There  is  usually, 
anterior  to  the  establishment  of  the  flow,  more  or  less  of  a  feeling  of  general 
malaise^  a  sense  of  fullness  and  weight  in  the  j>elvic  organs,  accompanied 
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with  a  greater  or  less  incFeaee  in  the  quantity  of  vaginal  mucus,  which  be- 
comes brownieh  or  rusty  in  color  and  has  a  peculiar  odor.  At  this  tinie^ 
also,  the  breasts  become  slightly  enlarged.  This  stage  may  continue  for  une 
or  two  days,  although  in  many  instances  the  tii'st  evidence  of  the  access  of  a 
jieriod  is  a  discharge  of  blood* 

When  the  symptoms  above  indicated  occur,  the  general  sense  of  uneasi^ 
ness  usually  is  relieved  by  the  discharge  of  blood.  During  this,  the  second 
stage,  blood  flows  from  the  vagina  in  variable  quajiiity,  and  the  discharg 
continues  for  three  to  live  days.  With  regard  to  the  duration  of  the  flon 
there  are  great  variations  in  different  individuals.  Some  women  present 
a  flow  of  blood  for  only  one  or  two  days ;  while  in  others  the  flow  continues 
for  five  to  eight  days,  within  the  limits  of  health.  A  fair  average,  perhaps,  is 
four  days. 

It  is  difficult  to  arrive  at  even  an  approximation  of  the  total  quan- 
tity of  the  menstrual  flow.  Burdach  estimated  it  at  tive  to  six  ounces  (about 
150  to  175  grammes).  According  to  Longet  this  estimate  is  rather  low,  the 
quantity  ordinarily  ranging  between  ten  and  twelve  onnce«  (300  and  350 
grammes),  occasionally  amounting  to  seventeen  ounces  (500  grammes),  or 
even  more.  It  is  well  known  that  the  quantity  is  very  variable,  as  is  the 
duration  of  the  flow;  and  the  ditliculties  in  tlie  way  of  estimating  the  t4.ital 
discharge  are  evident. 

The  characters  of  the  menstrual  flow  are  suffleiently  simple,  SwpposingJ 
the  discharge  to  continue  for  four  days,  on  the  first  day  the  quantity  is  com* 
paratively  small ;  on  the  second  and  third  the  flow  is  at  its  height ;  and  the 
quantity  is  diminished  on  the  fourth  day.  During  this,  the  second  stage,  the 
fluid  has  the  ap|>earance  of  pure,  arterial  bbxid,  not  coagulated,  and  mixed» 
as  has  been  shown  by  microscopical  examination,  with  epithelium  from  the 
vagina,  cylindrical  cells  from  the  uterus,  leucfx^ytcs  and  a  cert^iin  quantity 
of  sero-mucous  secretion.  Chemical  examinations  of  the  fluid  have  not 
shown  any  marked  peculiarities,  except  that  the  quantity  of  fibrin  is  either 
not  estimateil  or  is  given  m  much  less  than  in  ordinary  blood. 

The  nu'chanism  uf  the  haemorrhage  is  probably  the  Bame  m  in  epistaxis. 
There  is  a  rupture  of  small  blood-vessels,  probably  capillaries,  and  blood  is 
thus  exuded  froui  tlie  entire  surface  of  the  membrane  lining  the  uterus  ami 
sometimes  from  the  membrane  of  the  Fallopian  tubes.  The  blood  is  then 
discharged  into  the  vagina  and  is  kept  fluid  by  the  vaginal  mucus.  The 
mucus  of  the  bmiy  of  the  uterus  is  viscid  and  alkaline ;  the  mucus  secreted 
at  the  neck  is  gelatinous,  viscid  and  tenacious,  and  is  also  alkaline ;  the  vagi- 
nal mucus  is  decidedly  acid,  creamy  and  not  viscid,  containing  epithelium 
and  leucoc^les. 

The  third  stage,  that  of  cessation  of  the  menses,  is  very  simple.     During 
the  latter  part  of  the  second  stage  the  flow  of  blood  gradually  diminishe8.J 
The  discharge  becomes  rusty,  then  lighter  in  culor,  and   in  the  course 
about  twenty-four  hours,  it  assumes  the  characters  observed  in  the  intermen* 
strual  pericKi, 

When  the  menstrual  flow  has  become  fully  established  there  is  no  very 
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marked  general  disturbance,  except  a  sense  of  lassitude,  which  may  become 
exaggerated  if  the  discharge  be  unusually  abundant.  It  has  been  noted, 
however,  by  Rabuteau,  that  during  the  menstrual  period  the  production  of 
urea  is  diminished  more  than  twenty  per  cent.,  that  the  pulse  becomes  slower 
and  that  the  temperature  falls  at  least  one  degree  Fahr.  (about  half  a  de- 
gree C). 

If  the  mucous  membrane  of  the  uterus  be  examined  during  the  menstrual 
flow,  it  is  found  smeared  with  blood,  which  sometimes  extends  into  the  Fallo- 
pian tubes.  It  is  then  much  thicker  and  softer  than  during  the  intermen- 
strual period.  Instead  of  measuring  about  -^  of  an  inch  (1*8  mm.)  in  thick- 
ness, as  it  does  under  ordinary  conditions,  its  thickness  is  |^  to  ^  of  an  inch 
(4-2  to  6-4  mm.).  It  becomes  more  loosely  attached  to  the  subjacent  parts, 
is  somewhat  rugous,  and  the  glands  are  very  much  enlarged.  At  the  same 
time  there  are  developed,  in  the  substance  of  the  membrane,  large  numbers 
of  spherical  and  fusiform  cells.  This  condition  probably  precedes  the  dis- 
charge of  blood  by  several  days,  during  which  time  the  membrane  is  gradu- 
ally preparing  for  the  reception  of  the  ovum.  There  is  also  a  fatty  degenera- 
tion of  the  different  elements  entering  into  the  structure  of  the  mucous 
membrane,  including  the  blood-vessels,  this  change  being  most  marked  at 
the  surface ;  and  it  is  on  account  of  the  weakened  condition  of  the  vascular 
walls  that  the  haemorrhage  takes  place.  A  short 
time  after  the  flow  has  ceased,  the  mucous  mem- 
brane returns  to  ite  ordinary  condition.  There  is  a 
considerable  desquamation  of  epithelium  from  the 
uterus,  with  the  flow  of  blood,  during  the  menstrual 
period.  Sometimes,  in  normal  menstruation,  the 
epithelium  thrown  off  is  in  the  form  of  patches. 

Changes  in  the  Graafian  Follicles  after  their 
Rupture  {Corpus  Luteum), — After  the  discharge 
of  an  ovum,  its  Graafian  follicle  undergoes  certain 
retrograde  changes,  involving  the  formation  of  what 
is  called  the  corpus  luteum.  Even  when  the  dis- 
charged ovum  has  not  been  fecundated,  the  corpus 
luteum  persists  for  several  weeks,  so  that,  ovulation  ^    _     „  ,. 

.   ^  ,  ,-,,,..       Fio.  26&.SecUons  of  two  cor- 

occurnng  every  month,  several  of  these  bodies,  m       pom  lutea ;  natural  nze 

^^  M        .  '  ^'         \  (Kmilker). 

various  stages  of  retrogression,  may  sometimes  be  i,  corpus  luteum  eight  days  af- 
seen  in  the  ovaries.  ^JafSf^S^^SSiV?^!^^™^ 

For  a  certain  time  anterior  to  the  discharge  of  SfaifSfX'Si^fl^n^om^^^ 
the  ovum,  there  is  a  cell-proliferation  from  the  2,  w^iS^  mtelJS**at  the  iifth 
proper  coat  of  the  Graafian  follicle,  and  probably  romaofth^e'S52r7?^c,io2: 
from  the  membrana  granulosa,  with  a  projection  of  f5n^:T?de(K)iori«J?cio^ 
looped  blood-vessels  into  the  interior  of  the  follicle.  '^,!J,^Tteum.^*''^  "*'  ^ 
This  is  the  first  formation  of  the  corpus  luteum. 

At  the  time  of  rupture  of  the  follicle,  the  ovum,  with  a  great  part  of  the 
membrana  granulosa,  is  discharged.  Usually,  at  the  time  of  rupture  of  the 
follicle,  there  is  a  discharge  of  blood  into  its  interior ;  but  this  is  not  invaria- 
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ble,  although  there  is  always  a  gelatinous  exudation  more  or  lem  oolord 
with  blood.  At  tho  same  time  the  follicular  wall  undergoes  hypertrophT, 
and  it  becomeg  convoluted,  or  folded,  and  highly  vascular.  This  convoluted 
wall,  formed  by  the  proper  coat  of  the  follicle,  is  surrounded  by  the  fibrous 
tunic,  and  its  thickening  is  most  marked  at  the  deepest  portion  of  the  foilick 
At  the  end  of  about  three  weeks^  the  body — ^which  is  now  called  the  eorpni 
luteum.  on  account  of  its  yellowish  or  reddish-yellow  color — ^has  arrired  at 
its  maximum  of  development  and  measures  about  half  an  inch  (I'i'T  mm.)  iji 
depth,  by  about  three-quarters  of  an  inch  (1£>'1  mm.)  in  lengthy  its  form  being 
ovoid.  The  convoluted  wiiU  then  contains  a  layer  of  large,  pale,  finely  granu- 
lar cells,  which  are  internal  and  are  supposed  to  be  the  remains  of  the  t*j»ith^ 
hum  of  the  follicle.  The  great  mass  of  this  wall.,  however,  is  coraposttl  of 
large,  nucleated  cells,  containing  fatty  globules  and  granules  of  n^dish  in 
yellowish  pigmentary  matter.  The  thickness  of  the  wail  is  about  one<n;ffalh 
of  an  inch  (3*2  mm.)  at  its  deepest  portion. 

After  about  the  third  week  the  corpus  luteum  begins  to  con  tract;  iti 
central  portion  and  the  convoluted  wall  become  paler ;  and  at  the  ead  of 
seven  or  eight  weeks,  a  small  cicatrix  marks  the  point  of  rttptore  of  the 
follicle. 

The  above  are  the  changes  which  occur  in  the  Graafian  follicles  after 
their  rupture  and  the  discharge  of  ova,  when  the  ova  have  not  l>eeu  fecun- 
dated ;  and  the  bodies  thus  produced  are  called  false  corpora  lutea,  as  distin- 
guished from  corpora  lutea  formed  after  conception,  which  latter  are  calW 
true  corpora  lutea. 

Corpus  Luteum  of  Pr^^nmicy, — When  a  discharged  ovum  has  been  feetta- 
dated,  the  corpus  luteum  passes  through  its  various  stages  of  developmrfii 
and  retrogression  much  more  slowly  than  the  ordinary  corpus  lutetua  of 
menstruation.  The  retrogression  begins  toward  the  end  of  the  third  moaih. 
''  During  the  fourth  month,  the  corpus  luteum  diminishes  by  nearly  a  thini, 
and  toward  the  end  of  the  fifth,  it  ordinarily  is  reduced  one-half.  It  stiB 
forms,  however,  during  the  first  days  after  parturition,  and  in  the  greatest  nam- 
lier  of  ca'^es,  a  tubercle  which  has  a  diameter  of  not  less  than  f  to  |  of  an  inch 
(7'3  to  8-5  mm.).  The  tubercle  afterward  diminishes  quite  rapidly;  but  it 
is  nearly  a  month  before  it  is  reduced  to  the  condition  of  a  little,  hardened 
nucleus,  which  persists  more  or  less  sis  the  last  vestige  of  a  process  sf*  slow  ia 
arriving  at  its  final  term.  Nevertheless,  there  is  nothing  absolute  in  ibe 
retrograde  progress  of  this  phenomenon.  I  have  seen  women,  dead  at  lie 
sixth  and  even  the  eighth  month  of  pregnancy,  present  corpora  latcft  u 
voluminous  as  others  at  the  fourth  month  *'  (Coste,  1849).  The  differeaOQi 
between  the  corpora  lutea  of  pregnancy  and  of  menstruation  were  Accnmleljr 
described  by  Palton,  in  1851  and  1877. 

Male  Organs  of  Gen euation. 

The  chief  physiological  interest  attached  to  the  anatomy  of  the  male  or- 
gans of  genemtion  relates  to  the  testicles,  which  are  the  organs  in  which  tin 
male  element  of  generation  is  developed.    As  regards  the  penis,  it  will  be 


THE  TESTICLES.  785 

necessary  to  do  little  more  than  describe  the  mechanism  of  erection  and  of 
the  ejaculation  of  semen. 

The  Testicles, — The  testicles  are  two  symmetrical  organs,  situated,  during 
a  certain  period  of  intrauterine  life,  in  the  abdominal  cavity,  but  finally  de- 
scending into  the  scrotum.  Immediately  beneath  the  skin  of  the  scrotum,  is 
a  loose,  reddish,  contractile  tissue,  called  the  dartos,  which  forms  two  distinct 
sacs,  one  enveloping  each  testicle,  the  inner  portion  of  these  sacs  fusing  in 
the  median  line,  to  form  a  septum.  Within  these  two  sacs  the  coverings  of 
each  testicle  are  distinct.  These  organs  are  suspended  in  tlie  scrotum,  by  the 
spermatic  cords,  the  left  usually  hanging  a  little  lower  than  the  right.  The 
coverings  for  each  testicle,  in  addition  to  those  just  mentioned,  are  the  inter- 
columnar  fascia,  the  cremaster  muscle,  the  infuudibulif orm  fascia,  the  tunica 
vaginalis  and  the  proper,  fibrous  coat. 

The  tunica  vaginalis  is  a  shut  sac  of  serous  membrane,  covering  the  tes- 
ticle and  epididymis  and  reflected  from  the  posterior  border  of  the  testicle  to 
the  wall  of  the  scrotum,  lining  the  cavity  occupied  by  the  testicle  on  either 
side  and  also  extending  over  the  spermatic  cord.  This  tunic  is  really  a 
process  of  peritoneum,  which  has  become  shut  off  from  the  general  lining  of 
the  abdominal  cavity.  The  spermatic  cord  is  composed  of  the  vas  deferens, 
blood-vessels,  lymphatics  and  nerves,  with  the  coverings  already  described 
which  expand  and  surround  the  testicle. 

Beneath  the  tunica  vaginalis  are  the  testicles,  with  their  proper,  fibrous 
coat.  These  organs  are  ovoid,  and  flattened  laterally  and  posteriorly.  "  They 
are  an  inch  and  a  half  to  two  inches  (38-1  to  50*8  mm.)  long,  about  an  inch 
and  a  quarter  (31*8  mm.)  from  the  anterior  to  the  posterior  border,  and 
nearly  an  inch  (25*4  mm.)  from  side  to  side.  The  weight  of  each  varies  from 
three-quarters  of  an  ounce  to  an  ounce  (21*2  to  28*3  grammes),  and  the  left 
is  often  a  little  the  larger  of  the  two  "  (Quain).  The  proper,  fibrous  coat 
is  everywhere  covered  by  the  closely  adherent  tunica  vaginalis,  except  at  the 
posterior  border,  where  the  vessels  enter  and  the  duct  passes  out.  At  the 
outer  edge  of  this  border,  is  the  epididymis,  formed  of  convoluted  tubes,  pre- 
senting a  superior  enlargement,  called  the  globus  major,  a  long  mass  running 
the  length  of  the  testicle,  called  the  body,  and  a  smaller,  inferior  enlarge- 
ment, called  the  globus  minor.  This  too  is  covered  with  the  tunica  vaginalis. 
Between  the  membrane  covering  the  testicle  and  epididymis  and  tlie  layer 
lining  the  scrotal  cavity,  is  a  small  quantity  of  serum,  just  enough  to  moisten 
the  serous  surfaces.  At  the  superior  portion  of  the  testicle  are  one  or  more 
small,  ovoid  bodies,  called  the  hydatids  of  Morgagni,  each  attached  to  the 
testicle,  by  short,  constricted  processes.  These  have  no  physiological  im- 
portance and  are  supposed  to  be  the  remains  of  foital  structures. 

The  proper,  fibrous  coat  of  the  testicle  is  called  the  tunica  albuginea.  It 
is  white,  dense,  inelastic,  measures  about  -^  of  an  inch  (1  mm.)  in  thickness, 
and  is  simply  for  the  protection  of  the  contained  stnictures.  Sections  of  the 
testicle,  made  in  various  directions,  show  an  incomplete,  vertical  process  of 
the  tunica  albuginea,  called  the  corpus  Highmorianum  or  the  mediastinum 
testis.     This  is  wedge-shaped,  about  J-  of  an  inch  (4*2  mm.)  wide  at  its  su- 
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perior  and  thickest  portion,  is  pierced  by  a  number  of  openings,  and  M^ 
blood-vessels  and  seminiferous  tubes.  From  the  mediastinum,  delicjite,  radi- 
ating processes  of  connective  tissue  pass  to  the  inner  surface  of  the  tonb 
albuginea,  dividing  the  substance  of  the  testicle  into  imperfetjt  lobules,  which 
lodge  the  seminiferous  tabes*  The  namber  of  these  lobules  hius  been  &ni» 
mated  at  one  hundred  and  fifty  to  two  hundred.  Their  sha[»e  is  pTrainiiR 
the  larger  extremities  presenting  toward  the  surface,  with  the  pointed  ti* 
tremities  situated  at  the  mediastinum. 

Lining  the  tunieii  albuginea  and  following  the  mediastiDuiii  and  lb 
processes  which  penetrate  the  testicle,  is  a  tunic»  composed  of  blood-v^ 
fiels  and  delicate,  connective  tissue,  called  the  tunica  vaseulosa,  or  pia  matcf 
testis. 

Lodged  in  the  cavities  formed  by  the  trabeculae  of  connective  tissue,  itp 
the  seminiferous  tubes,  in  which  the  male  elements  of  generation  are  devrj. 
oped.     These  tubes  exist  to  the  number  of  about  eight  hundred  and  forty  in 

each  testicle  and  constitute  almo^ 
the  entire  substance  of  the  lobiilca 
The  larger  lobules  contain  five  or  ai 
tubes,  the  lobules  of  mediao  w, 
three  or  four,  and  the  smallest  en- 
close sometimes  but  a  single  tuk 
Each  tube  presents  a  conTi>iuti<l 
mass,  which  can  be  disentangled  m^ 
der  water,  particularly  if  the  te*ti*'k 
be  macerated  for  several  months  iu 
water  with  a  little  nitric  acid.  Tlie 
entire  length  of  the  tube  when  thui 
unravelled  is  about  thirty  inches  (T< 
decimetres),  and  it^  diameter  h  ^ 

to  yU  ^^  ^^  ^^^^  (^^^  ^^  ^^^  ^V  I* 
begins  by  two  to  seven  short,  hliiMi 
extremities  and  sometimes  by  ftiui»^ 
tomosing  loops.  The  cae<ml  diverti- 
cula are  usually  found  i>i  *  *r- 
nal  half  of  the  tube,  antl  s  ph 
is  ^  to  1^  of  an  inch  (2*1  to  3*2  mm.^ 
nino/thehummitub-  The  anastom«>9es  ai-^e  sometimes  be- 
tween the  tubes  of  different  loboks^ 
sometimes  between  tubes  in  the  sara^ 
lobule  and  sometimes  between  dif- 
ferent points  in  the  same  tulx^  -\j* 
the  tubes  jiass  ti>ward  the  po$t4^rtor 
portion  of  the  testicle,  they  unite  into 
about  twenty  straight  canals,  called  the  vasa  recta,  about  ^  of  an  inch  (0*33 
mm.)  in  diameter,  which  penetrate  the  mediastinum  testis.  In  the  mediai$ti« 
num  the  tubes  form  a  close  net- work,  cidled  the  rete  testis :  and  at  i)\,^  umwr 
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portion  of  the  posterior  border  they  pass  out  of  the  testicle,  by  twelve  to  fif- 
teen openings,  and  are  here  called  the  vasa  efferentia. 

Having  passed  out  of  the  testicle,  the  vasa  efferentia  form  a  series  of 
small,  conical  masses,  which  together  constitute  the  globus  major,  or  head  of 
the  epididjnnis.  Each  of  these  tubes  when  unravelled  is  six  to  eight  inches 
(15  to  20  centimetres)  long,  gradually  increasing  in  diameter,  until  they  all 
unite  into  a  single,  convoluted  tube,  which  forms  the  body  and  the  globus 
minor  of  the  epididymis.  This  single  tube  of  the  epididymis,  when  unrav- 
elled, is  about  twenty  feet  (6  metres)  in  length. 

The  walls  of  the  seminiferous  tubes  in  the  testicle  itself  are  composed  of 
connective  tissue  and  of  peculiar  structures  which  will  be  fully  described  in 
connection  with  the  processes  of  development  of  the  spermatozoids.  In  the 
rete  testis  it  is  uncertain  whether  the  tubes  have  a  special  fibrous  coat  or 
are  simple  channels  in  the  fibrous  structure.  They  are  here  lined  with 
pavement-epithelium.  In  the  vasa  efferentia  and  the  epididymis,  there  is  a 
fibrous  membrane,  with  longitudinal  and  circular  fibres  of  non-striated  mus- 
cular tissue  and  a  lining  of  ciliated  epithelium.  The  movements  of  the  cilia 
are  toward  the  vas  deferens.  In  the  lower  portion  of  the  epididymis  the  cilia 
are  absent.  The  tubular  structures  of  the  testicle,  the  epididymis  and  the 
beginning  of  the  vas  deferens  are  shown  in  Fig.  286. 

At  the  lower  portion  of  the  epidid3rmi8,  communicating  with  the  canal, 
there  usually  is  found  a  small  mass,  formed  of  a  convoluted  tube  of  variable 
length,  called  the  vas  aberrans  of  Haller  (i.  Fig.  286).  This  is  sometimes 
wanting. 

Vas  Deferens, — The  excretory  duct  of  the  testicle  extends  from  the  epi- 
didymis to  the  prostatic  portion  of  the  urethra  and  is  a  continuation  of  the 
single  tube  which  forms  the  body  and  globus  minor  of  the  epididymis.  It 
is  somewhat  tortuous  near  its  origin,  and  it  becomes  larger  at  the  base  of  the 
bladder,  just  before  it  is  joined  by  the  duct  of  the  seminal  vesicle.  Near  its 
point  of  junction  with  this  duct  it  becomes  narrower.  Its  entire  length  is 
nearly  two  feet  (about  6  decimetres). 

The  course  of  the  vas  deferens  is  in  the  spermatic  cord,  to  the  external 
abdominal  ring,  through  the  inguinal  canal,  to  the  internal  ring,  where  it 
leaves  the  blood-vessels,  passes  beneath  the  peritoneum,  to  the  side  of  the 
bladder,  then  along  the  base  of  the  bladder,  by  the  inner  side  of  the  seminal 
vesicle,  finally  joining  the  duct  of  the  seminal  vesicle,  the  common  tube 
forming  the  ejaculatory  duct,  which  opens  into  the  prostatic  portion  of  the 
urethra. 

The  walls  of  the  vas  deferens  are  thick,  abundantly  supplied  with  vessels 
and  nerves,  and  provided  with  an  external,  fibrous,  a  middle,  muscular,  and 
an  internal,  mucous  coat.  The  greater  part  of  that  portion  of  the  tube 
which  is  connected  with  the  bladder  is  dilated  and  sacculated.  The  fibrous 
coat  is  composed  of  strong,  connective  tissue.  The  muscular  coat  presents 
three  layers ;  an  external,  ratlier  thick  layer  of  longitudinal  fibres,  a  thin, 
middle  layer  of  circular  fibres,  and  a  thin,  internal  layer  of  longitudinal 
fibres,  all  of  the  non-striated  variety.     By  the  action  of  these  fibres  the  ves- 
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fiel  may  be  made  to  andergo  energetic,  peristaltic  moveinents,  unci  thi»  hu 
followed  stimulation  of  that  |iortion  of  the  spinal  oord  corraspcmditig  to  tiir 
fourth  lumbar  vertebra,  which  is  described  b?  Badge  as  the  gooifto-qpuiii 
centre. 

The  mucous  membi-ane  of  the  vas  deferens  is  pale,  thrown  into  lonjrita- 
dinal  folds  in  the  greatest  part  of  the  canal,  and  presents  a  number  of  ftdtii- 

tional  mgie  in  the  ^eculat^d  portioo, 
these  rugae  enclosing  Little,  irreguUrit 
polygonal  spaces.  The  membrane  ii 
covered  with  columnar  epitheliimi, 
which  is  not  ciliated.  In  the  sacculated 
portion  are  large  n'UMVi*^-^  iJ  macou* 
glands* 

Attached  to  the  vil&  tlci 
the  head  of  the  epididymis,  i-  ^ 
mass  of  convoluted  and  saccnlateii  tiib«» 
ciilled  the  organ  of  Gtraldcs,  or  thf  vnf- 
pus  innominatum.  The  Ijodv  vs  ^  Ui\ 
of  an  inch  {4t  to  8*5  mm.)  long  ami  ^ 
of  an  inch  (21  mm.)  broad.  Its  toW* 
are  lined  with  cells  of  paveroent-epidw-^ 
lium,  which  oft^n  are  filled  with 
granules.  Generally  the  tubes  pr 
only  blind  extremities,  but  some  of  th 


7m.  Kf.—Va*  defertivk  vuicuim  mminaie*  and 

*■  'Kr^dS^r./.  {^™Sl™  ;:?'Sl:VIioK:  occasionally  communicate  with  the  tub* 

duct ; 


\  opening  of  tlie  prostatic  utrick*  ;  /,  $7, 
▼em  iDOotaouxQ  ;  '    ' 
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of  the  epididymis.     This  part  h«i 
physiological   importance.     It  wii 
garded  by  Girald^s  as  the  remnant  of  the  Wolffian  body,  analogotia  tolht 
parovarium. 

Ve^ictilm  Seminales. — Attached  to  the  base  of  the  bladder  and  aintated 
externally  to  tlie  vaea  deferentia,  are  the  two  vesicular  seminaleis. 
bodien  are  each  composed  of  a  coiled  and  sacculated  tube^  four  to  six  inc 
(10  to  15  centimetres)  in  length  when  unravelled,  and  somewbat  convoluted^ 
in  the  natural  state,  into  an  ovoid  mass  which  is  firmly  bound  to  the  vtt^cul 
walL  The  i^trueture  of  the  seminal  vesicles  is  not  very  unlike  that  of  tbt 
sacculated  portion  of  the  vasa  deferentia.  They  have  an  external,  fibnsni 
ooati  a  middle  coat  of  muscular  fibres,  and  a  mucous  lining.  Musciilar  i 
pass  over  these  vesicles  from  the  bladder,  both  in  a  longitudinal  and  in  a  I 
cular  direction,  and  serve  as  compressors,  by  the  action  of  which  their 
tents  may  be  discharged.  The  mucous  coat  is  pale,  tini4y  reticolatedt  i 
covered  with  cells  of  polygonal  epithelium,  which  are  nucleated  and  - 
brownish  granules.  The  vesfcul^e  seminalea  undoubtedly  serve,  in  part  at 
least,  as  receptacles  for  the  seminal  fluid,  as  their  contents  often  preienl  a 
greater  or  Ies8  number  of  spermatozoids.  Although  the  mecnbrane  af  Itn; 
vesicles  seems  to  produce  an  independent  secretion^  the  preaencsa  of 
glands  ha&  not  been  demonstrated. 


MALE  ELEJpIENTS  OF  GENERATION. 

Tlie  ejjiculatory  ducts  are  formed  by  the  union  of  the  vasa  deferentia  with 
the  ducts  of  the  vesiuula?  semiimles  on  either  side,  luid  tJiey  open  into  the 
prostatic  portion  of  tlie  urethra.  Exeopt  that  ttieir  coiit^  are  much  thinner, 
they  have  essentially  the  same  structure  as  the  vasa  deferentia. 

Prosiate, — Surrounding  the  vesical  extremity  of  the  urethra,  including 
what  ifi  known  as  it^  prostiitic  portion,  is  the  prostate  gland,  or  htxly.  This 
organ,  except  as  it  secretes  a  fluid  which  forms  a  part  of  the  ejaculated  semen, 
has  chiefly  a  surgical  interest,  so  that  it  is  nunecessary  to  describe  minutely 
its  form  and  relations.  It  Is  enveloped  in  a  very  dense,  fibrous  coat,  contains 
many  glandular  structures  opening  into  the  urethra,  and  presents  a  greiit  no m» 
l>erof  non-striated,  with  a  few  striated  muscular  tibres,  some  just  beneath  the 
fibroug  coat  and  others  penetrating  its  substance  and  surrounding  the  glands* 

The  glands  of  the  ju'ostate  are  most  distinct  at  that  portion  which  lies 
behind  the  urethra.  In  the  posterior  portion  of  this  canal  are  found  about 
twenty  openings,  which  leM  to  tubes  ramifying  in  the  glandular  substance. 
These  tubes  are  formed  of  a  structureless  membrane  branching  m  it  pene- 
trate-s  the  gland.  They  prei?ent  liemisiihcrica!  diverticula  in  their  course,  and 
terminate  in  dilated  extrenntics,  which  are  looped  ami  coiled.  In  the  deeper 
portirms  of  the  tubes,  the  epithelium  is  columnar  or  cubical,  becoming  tessel- 
lated netir  their  openings,  and  sometimes  laminated. 

The  prostatic  fluid  probably  is  secreted  only  at  tlie  moment  of  ejaculation. 
Its  characters  will  be  considered  in  connection  with  the  com])osition  of  the 
seminal  fluid.  According  to  Kraus  tiie  prostatic  fluid  has  an  important 
office  in  maintaining  the  vitality  of  the  spermatozoids.  **  The  spermatozoa, 
in  the  absence  of  the  prostatic  fluid,  can  not  live  in  the  mucous  membrane  of 
the  uterus  of  mammalia ;  but  witli  its  aid  they  may  live  for  a  long  time  in 
the  uterine  mucus,  often  more  than  thirty-six  hours." 

Glands  of  the  Urethra. — In  front  of  the  prostate,  opening  intvo  the  bulb- 
ous portion  of  the  urethra,  are  two  small,  racemose  glands,  called  the  glands 
of  Mery  or  of  Cowper.  These  have  each  a  single  excretor}^  duct,  are  lined 
throughout  with  cylindrical  cpitlielium,  and  secrete  a  viscid,  mucus-like  fluid, 
which  forms  a  part  of  the  ejaculated  semen.  Sometimes  there  exists  only  a 
single  gland,  and  occasionally,  though  rarely,  botii  are  absent.  Their  usea 
are  probably  not  very  importiint. 

The  glands  of  Littre,  found  throughout  the  entire  urethra  and  most 
abundant  on  ita  anterior  surfa*3e,  are  .simple  racemose  glands,  extending  be- 
neath the  mticous  membrane  into  t!ie  muscular  structure,  presenting  here 
four  or  five  acini.  As  tbcst^  arini  are  surrounded  by  muscular  fibres,  it  is 
easy  to  understand  how  their  secretion  may  be  pressed  out  during  erection  of 
t!ie  penis.  They  are  lined  throughout  with  columnar  or  conoidal  epithelium, 
and  secrete  a  clear  and  somewhat  viscid  mucus,  wliich  is  nnxed  with  the 
ejaculated  semen. 

^Iale  Elements  of  Generation. 

The  spermatozoids  are  the  essential,  male  elements  of  generation,  and 
these  are  produced  in  the  substance  of  the  testicle,  by  a  process  analogous  to 
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that  of  the  devtOnpment  of  other  troe,  aiiatomical  elemetits.  The  testiclpn 
CUT!  not  he  regarded  strictly  as  glandular  organs.  They  are  analogous  to  the 
ovaries,  and  they  are  the  only  orofans  in  which  spermatozoids  can  be  de- 
veloped, as  the  ovaries  are  the  only  organs  in  which  the  ovum  ean  be  formed. 
If  the  testicles  be  absent,  the  power  of  fecundation  is  lost,  none  of  the  fluids 
secreted  by  the  iiceesaory  organs  of  generation  being  able  to  perform  the  office 
of  the  true,  fecundating  elements. 

In  the  healthy  male,  at  the  climax  of  a  normal  venereal  orgtism,  11*0  to 
92*6  grains  (0*75  to  6  grammes)  of  seminal  fluid  are  ejaculated  with  considera- 
ble force  from  the  uretlmi^  by  an  involunUry,  muscular  spasm  (Montegazza). 
This  lUiid  re*piires  about  four  days  for  its  complete  restoration.  The  semen 
is  slightly  mucilaginous,  grayish  or  whitish,  streaked  with  lines  moi-e  or  less 
opttcpie,  and  it  evidently  contains  various  kinds  of  mucus.  It  has  a  faint  and 
peculiar  odor,  sui  (/emt*i%  which  is  obsL^rved  otdy  in  the  cjjicuilatiMi  fluid  and 
not  in  any  of  it5  constituents  examined  separately.  It  is  a  little  heavier  than 
water  and  does  not  mix  with  it  or  dissolve.  After  ejaculation  it  liecomes 
jcUy-like  and  dries  into  a  peculiar,  hard  mttss,  which  may  be  softened  by  the 
application  of  appnuiriate  licjuids.  The  liquid  is  not  coagidated  by  heat  and 
does  not  contain  albumen.  Its  reaction  is  faintly  alkaline.  It  contains  in 
the  human  subject  100  to  120  part^  of  solid  matter  per  l.MUO. 

The  chemical  constitution  of  the  semen  has  not  been  very  thoroughly  in- 
vestigated and  does  not  j>reseiit  the  same  physiological  importiince  as  its 
anatomical  characters.  Aside  from  the  anatomical  elements  derived  from 
the  testicles  and  the  genital  passages,  it  presents  an  organic  substance 
(spernuitine)  wdiich  has  nearly  the  same  chemical  characters  as  ordinary 
mucine.  It  also  contains  a  considerable  quantity  of  phosphates.  During 
desiccation,  elongated,  rhomboidal  crystals  make  their  appearance,  frequently 
arranged  in  groups,  which  are  supposed  to  be  derived  from  the  prostatic  fluid 
and  to  consist  of  phosphoric  acid  combined  with  an  organic  base,  the  formula 
for  which,  united  with  hydrochloric  acid,  is  CgHjNIICI  (Schreiner).  The 
are  sometimes  called  spermatic  crystails* 

In  the  dilated  portion  of  the  vasa  deferent ia  the  mucous  glands  secrete  a 
fluid  wliicli  is  the  flrst  that  is  added  to  the  spermatozoids  as  they  come  from 
tlie  testicles.  This  fluid  is  brownish  or  grayish.  It  contains  epithelium,  and 
small,  rounded  grauuhiti<ms,  which  are  dark  and  strongly  refractive.  The 
liquid  itself  is  very  slightly  viscid.  In  the  vesicuhe  seminales  there  is  a  more 
almndunt  secretion  of  the  grayish  fluid,  with  epithelium,  small,  colorless  con- 
cretions of  nitrogctdzed  Tuatter,  called  l>y  Robin,  Hympexions,  and  a  few 
leucocytes.  The  glandular  structures  of  the  prostate  produce  a  creamy  secre- 
tion with  fine  granulations.  It  is  chiefly  t^  the  admixture  of  this  fluid  that 
the  semen  owes  its  wiiitish  appearance.  Finally  as  the  semen  is  ejaculated, 
it  receives  the  viscid  secretion  of  the  glands  of  Cow]Ter,  a  certain  f quantity  of 
stringy  mucus  from  the  follicles  of  the  urethra,  with  perhaps  a  little  of  the 
urethral  epithelium. 

Anatomically  considered  the  seminal  fluid  contains  no  important  elements 
except  the  spermatozoids,  the  various  secretions  just  mentioned  serving  sim- 
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Spermatozoiiis,  upermatic  crystals^  leuco- 
cytes etc.  (Peyer). 


ply  as  a  vehicle  for  the  introduction  of  these  bodies  into  the  generative 
passages  of  the  female. 

Spermatozoids, — In  August,  1677,  a  German  student,  named  Von  Ham- 
men,  discovered  the  spermatozoids  in  the  human  semen  and  exhibited  them 
to  Leeuwenhoek,  who  studied  them 
as  closely  as  was  possible  with  the  in- 
struments at  his  command.  For  a 
long  time  they  were  regarded  as  liv- 
ing animalcules,  although  now  they 
are  considered  simply  as  peculiar, 
anatomical  elements  endowed  with 
movements,  like  ciliated  epithelium. 
These  elements  are  developed  within 
the  seminiferous  tubes  ;  and  they 
differ,  not  so  much  in  their  mode  of 
development,  as  in  their  form,  in 
different  animals. 

The  fluid  taken  from  the  vesiculae 
seminales  of  an  adult  who  has  died 
suddenly  or  the  ejaculated  semen 
contains,  in  addition  to  the  various 

accidental  or  unimportant  anatomical  elements  that  have  been  mentioned,  in- 
numerable bodies,  resembling  animalcules,  which  present  a  flattened,  conoidal 
head  and  a  long,  tapering,  filamentous  tail.  The  tail  is 
in  active  motion,  and  the  spermatozoids  move  about  the 
field  of  view  with  considerable  rapidity  and  force,  pushing 
aside  little  corpuscles  or  granules  with  which  they  may 
come  in  contact.  Under  favorable  conditions,  particularly 
in  the  generative  passages  of  the  female,  the  movements 
may  continue  for  several  days. 

Microscropical  examination  does  not  reveal  any  very 
distinct  structure  in  the  substance  of  the  spermatozoids. 
The  head  is  about  -^^j^  of  an  inch  (5  /x)  long,  ^-^  of  an 
inch  (3  /x)  broad,  and  ^^^inr  ^^  ^^  i^<^^^  (1  /*)  i^  thickness. 
The  tail  is  about  y^  of  an  inch  (50  fi)  in  length.  La 
Vallette  St.  George  has  found  in  man  and  many  of  the  in- 
ferior animals  the  "  intermediate  segment "  described  first 
by  Schweigger-Seidel,  though  he  does  not  agree  with 
Schweigger-Seidel  that  this  portion  is  motionless.  The 
length  of  the  intermediate  segment  is  about  -^-^j^  of  an 
inch  (0  ft).  It  usually  is  described  as  the  beginning  of -the 
tail ;  and  the  only  difference  between  this  and  other  por- 
tions is  that  it  is  a  little  thicker.     At  the  extreme  end,  is 


\° 


Fio.  880.  —  Human 
apemuUozoids;  mag- 
nified 600  diameters 
(Landois). 

1,  flat  view  ;  2,  side  a  short  and  excessively  fine  filament,  called  the  terminal 

view  ;  a  a,  head;  b  b,     /^^  , 

Intermediate       seg-    11  lament. 

teSninai  fliimen^  °'         Water  Speedily  arrests  the  movements  of  the  sperma- 
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tosioirk,  wliich  may  be  restored  bv  the  addition  of  dense,  saline  and  other 
solutions.  All  of  the  alkaline,  animal  tin  ids  of  moderate  viscidit}'  favor  the 
movements,  while  the  action  of  aeid  or  of  very  dilute  solutions  is  unfavorable. 
The  movements  arc  suspended  by  extreme  cold,  but  tliey  I'eturn  when  the 
onlitiury  temperature  is  restored. 

Before  the  age  of  ptd>erty  the  seminiferons  tubes  are  much  smaller  than 
in  the  iwlult,  and  they  contain  8nudl,  transparent  cells,  whirh  in  their  form 
and  arrangement  resemble  epitlieliunn  As  puberty  approaches,  however, 
the  tubes  become  larger,  and  the  contents  change  their  character.  The  walla 
are  then  provided  with  spindle-shaped  cells  witli  a  nucleated*  protoplasmio 
linings  sending  prolongations  into  the  interior  of  the  tube.  These  jirolonga- ' 
tions  afterward  break  np  into  little,  rounded  bodies  called  spermatohhists,  a 
part  of  em;h  one  of  which  becomes  the  head  of  a  spermatozoid  (Ebner). 
Between  the  prolongations,  are  the  so-called  spermatic  cells.  The  spermato* 
blasts  send  out  each  one  a  sliort  process  which  forms  the  intermediate  seg* 
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FlO.  890, — SpermatfHfrne*ix  ;  at^mi-dinffrnmrnnth'  U^riflnUs), 
I,  tranicTerRe  Bectlon  ^if  a  ti^'iiunal  tubule  ;  a,  extiumal  menibraiu* ;  u,  protopUiamJc  Uaitis ;  c«  tpemiA^ 
tobJast  :  s.  fk^minal  rH I?i. 
IL  pro}t»i"tion  tvjrh  f,  fi|i*nThrir4»Mast»  ;  r,  seiiiinAl  cells, 
tn,  HiM^rmatohlaAF.Jii  with  i»i<iK  not  yt't  tletiirliiHl. 

IV',  siiertimwbUiMLN  win  -/vuid  detiich<kl. 

ment  of  the  sperm ato7.oid,  and  from  this  a  long  filament  is  developed,  which 
forms  the  tiiih  Tlic  spermatozoid  is  detached  when  its  development  is  complete. 

The  spermatozoids  are  motionless  while  tbey  are  within  the  testicle,  the 
epididymis  or  the  vasa  deferentia,  apparently  on  account  of  the  density  of 
the  substance  in  which  they  are  embedded  ;  for  movenient^  are  sometimes 
presented  when  the  contents  of  the  va^a  deferentia  ai^e  examined  with  the 
addition  of  water  or  yf  saline  solutions.  Once  in  the  vesicular  seniinales,  and 
fr»r  a  certain  lime  after  ejaculation,  the  spermatozuids  are  in  active  motion- 
When  the  spermatozoids  have  ceased  their  movements  they  are  hic4ipable 
of  fecundating  the  ovnm. 

The  semen,  thus  developed  and  mixed  with  the  various  secretions  before 
mentioned,  is  found  during  adult  life  and  sometimes  even  in  advanced  age, 
and  under  physiological  conditions  it  contains  innumerable  spermatozoids 
in  active  movement;  but  if  sexual  intercourse  \k*  fret|nently  repeated  at 
short  intervals,  the  ejaculated  fluid   becomes  more  and  more  transparent. 
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homogeneous  and  scanty,  and  it  may  consist  of  a  small  quantity  of  secretion 
from  the  vesiculaB  seminales  and  the  glands  opening  into  the  urethra,  with- 
out gpermatozoids  and  consequently  deprived  of  fecundating  properties. 

In  old  men  the  seminal  vesicles  may  not  contain  spermatozoids ;  but  this 
is  not  always  the  case,  even  in  very  advanced  life.  Instances  are  constantly 
occurring  of  men  who  have  children  in  their  old  age,  in  which  the  paternity 
of  the  offspring  can  hardly  be  doubted.  Duplay,  in  1852,  examined  the 
semen  of  a  number  of  old  men,  and  found,  in  about  half  the  number,  sper- 
matozoids, normal  in  appearance  and  quantity,  though  in  some  the  vesiculse 
seminales  contained  either  none  or  very  few.  Some  of  the  persons  in  whom 
the  spermatozoids  were  normal  were  between  seventy-three  and  eighty-two 
years  of  age.  These  observations  were  confirmed  by  Dieu,  who  found  sper- 
matozoids in  a  man  eighty-six  years  of  age.  The  contents  of  the  seminal 
vesicles,  in  these  cases,  were  examined  twenty-four  hours  after  death.  Some 
of  the  subjects  died  of  acute,  and  others,  of  chronic  diseases ;  but  the  mode 
of  death  did  not  present  any  differences  in  the  cases  classed  with  reference 
to  the  presence  of  spermatozoids.  As  the  result  of  his  own  and  of  other 
recorded  observations,  Dieu  concluded  that  the  power  of  fecundation  often 
persists  for  a  considerable  time  after  copulation  has  become  impossible  on 
account  simply  of  absence  of  the  power  of  erection. 


CHAPTER  XXV. 

FECUNDATION  AND  DEVELOPMENT  OF  THE  OVUM, 

Ocnerftl  considerations— Fecnndation—Changce  in  the  fecundated  ovum— Segmentation  of  the  vitelliis— 
Primitive  trace— Blastodermic  layers— Formation  of  the  membranes- Amniotic  fluid- Umbilical  vesicle 
— Formation  of  the  allantois  and  the  permanent  chorion— Umbilical  cord— Membranro  decidua!' — Forma- 
tion of  the  placenta— Uses  of  the  placenta— Development  of  the  ovum— Development  of  the  cavities  and 
layers  of  the  tnmk  in  the  chick— Vertebral  column— Development  of  the  skeleton— Development  of  the 
muscles— Development  of  the  skin— Development  of  the  nervous  system— Development  of  the  organs 
of  special  sense— Development  of  the  digestive  apparatus— Development  of  the  respiratory  apparatus- 
Development  of  the  face— Development  of  the  teeth— Development  of  the  genito-urinary  apparatus— 
Development  of  the  circulatory  apparatus— Description  of  the  fcetal  circulation. 

As  far  as  the  male  is  concerned,  coitus  is  rendered  possible  by  erection  of 
the  penis.  This  may  occur  before  puberty,  but  at  this  time  intercourse  can 
not  be  fruitful.  Coitus  may  be  impossible  in  old  age,  from  absence  of  the 
power  of  erection ;  but  spermatozoids  may  still  exist  in  the  vesiculse  seminales, 
and  fecundation  might  occur  if  the  seminal  fluid  could  be  discharged  into 
the  generative  passages  of  the  female,  (^oitus  may  take  place  in  the  female 
before  the  age  of  puberty  or  after  the  final  cessation  of  the  menses,  but  inter- 
course can  not  then  be  fruitful.  There  are  many  instances  of  conception 
following  what  would  be  called  imperfect  intercourse,  as  in  cases  of  unrupt- 
ured hymen,  deformities  of  the  male  organs,  etc.,  which  show  that  the  actual 


T94 


GENERATION. 


penetration  of  the  male  or^an  is  not  essential,  and  that  fecundation  may 
(K-eur  provideil  the  seminal  fluid  find  it^s  way  into  even  the  kiwer  part  of  the 
vu^ina,  Conreiition  ha.s  also  followed  intereonri>e  when  the  female  ha^  been 
insensible  or  entirely  passive.  Unlike  certain  of  tlie  lower  animals,  the  human 
subject  presents  no  di.stiiict  periodicity  in  the  development  of  the  s  per  mat  o- 
zoids;  but  in  reiterated  eonneetiou,  an  orgasm  may  oe^ur  when  the  ejaculated 
flint]  htLs  no  fecuudating  projierties. 

With  regard  to  the  mechanism  of  ereetion,  little  remains  to  be  said  after 
the  description  that  has  been  given  of  true,  erectile  tissue,  in  connection  vriUi 
the  physiology  of  ihe  eirctdation.  Tlie  eavenious  and  spongy  hcNiit\s  of  the 
penis  usually  are  taken  as  the  t^^pe  of  erectile  organs.  In  these  parts  the 
arteries  are  large,  contorted,  provided  with  nnnsually  thick,  muscular  coat^ 
and  are  connected  with  tlie  veins  by  vessels  considerably  larger  than  the  tnie 
capillaries.  They  are  supported  by  a  strong,  librous  net-work  of  tnibeeula?, 
which  contains  non-striated  muscular  fibres  j  flo  that  when  the  blood-vessels 
are  completely  filled  the  organ  becomes  enlargeti  and  rigid.  Researches  with 
regard  to  the  nerves  of  ereetion  show  that  the  vessels  of  erectile  tissues  are 
distended  by  an  enlargement  of  the  arterioles  of  supply,  and  that  there  is  not 
simply  a  stasis  of  blood  prcxluced  by  constriction  of  the  veins,  except  possi- 
bly for  a  short  time  during  the  ]ieri<xl  of  greatest  excitement-  In  experi- 
ments upon  dogs  Eckhard  discovered  a  nerve  derived  from  the  siicral  plexus, 
etimnlation  of  which  produced  an  increase  in  the  flow"  of  blood  th rough  the 
penis,  attended  with  all  tlie  phenomena  of  erection.  This  nerve  arises  by 
two  rtx»t8,  at  the  sacral  plexus,  from  the  first  to  the  third  sacnd  nerves,  and  is 
connected  with  the  gen i to-spinal  centre,  in  the  h>wer  part  of  the  lumbar  re- 
gion of  the  spinal  cord  (Budge).  In  the  experiments  referred  to,  by  a  com* 
parison  of  the  quantity  of  venous  l>lnod  coming  from  the  penis  before  and 
during  the  stimulation  of  the  nerve,  Eckhard  found  a  great  incre^ise  during 
erection.  It  is  probable  that  in  addition  to  the  arterial  dilatation,  when  tlie 
penis  attains  its  maximum  of  rigidity  there  is  a  certain  degree  of  obstmc- 
tion  to  the  outtiow  of  blood,  by  compression  of  tlie  veins,  and  that  the  rigid- 
ity is  increased  by  contniction  of  the  trabecular,  muscular  fibres  of  the 
corjiora  cavernosa.  At  the  climax  of  an  orgasm,  the  semen  is  forcibly  dis^ 
charged  from  the  urethra,  l>y  spasmodic  contractions  of  the  vesicuW  semioalee 
and  the  ejaculatory  musck*s.  Although  this  is  the  physiological  mechanism 
of  a  seminal  discharge^  friction  of  the  parts,  which  usually  precedes  ejactdii- 
tion,  is  not  ahsolutt'ly  necessary,  as  is  shown  by  the  occurrence  of  orgasm 
during  sleep,  which  is  liable  to  take  place  in  healthy  men  after  prolonged 
continence. 

ThcHi  are  some  fenmles,  in  whom  the  generative  function  is  performed^ 
even  to  the  extent  of  bearing  children,  wiio  have  no  actual  knowledge  of  a 
true  venereal  orgasm ;  hut  there  are  others  who  experience  an  orgasm  fuUy 
as  intense  as  that  which  accompanies  ejaculation  in  the  male.  There  is, 
therefore,  the  important  difference  in  the  sexes,  that  preliminary  excitement 
and  an  orgiu^m  arc  necessary  to  the  performance  of  the  generative  act  in  the 
male,  bnt  are  not  essential  in  the  female.     Still  there  can  be  scarcely  a  doubt 
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that  venereal  excitement  in  the  female  facilitates  conception,  other  condi- 
tions being  favorable.  When  excitement  occurs  in  the  female  there  is  en- 
gorgement of  the  true  erectile  tissues  and  possibly  of  the  convoluted  vessels 
surrounding  the  internal  organs.  The  neck  of  the  uterus  becomes  hardened 
and  slightly  elongated  (Wemich) ;  and  it  has  been  observed  by  Litzmann 
and  others,  that  there  occurs  a  sudden  opening  and  closing  of  the  os,  which 
exerts  more  or  less  suction  force.  These  conditions,  however,  are  not  essen- 
tial to  fecundation,  although  they  may  exert  a  favorable  influence  upon  the 
penetration  of  spermatozoids  and  may  at  certain  times  determine  the  rupture 
of  a  Graafian  follicle. 

The  spermatozoids,  once  within  the  cervix  uteri,  and  in  contact  with  the 
alkaline  mucus,  which  increases  the  activity  of  their  movements,  may  pass 
through  the  uterus  into  the  Fallopian  tubes,  and  even  to  the  surface  of  the 
ovaries.  Precisely  how  their  passage  is  effected,  it  is  impossible  to  say.  It 
can  only  be  attributed  to  the  movements  of  the  spermatozoids  themselves,  to 
capillary  action,  and  to  a  possible  peristaltic  action  of  the  muscular  structures ; 
but  these  points  have  not  as  yet  been  subjects  of  positive  demonstration.  As 
regards  the  human  female,  it  is  impossible  to  give  a  definite  idea  of  the  time 
required  for  the  passage  of  the  spermatozoids  to  the  ovaries  or  for  the  de- 
^scent  of  the  ovum  into  the  uterus ;  and  it  is  readily  understood  how  these 
questions  hardly  admit  of  experimental  investigation.  It  is  known,  how- 
ever, that  spermatozoids  reach  the  ovaries,  and  they  have  been  seen  in  motion 
on  their  surface,  seven  or  eight  days  after  connection. 

Fecundation, — The  ordinary  situation  at  which  the  ovum  is  fecundated 
is  the  dilated  or  external  portion  of  the  Fallopian  tube.  All  authorities  are 
agreed  that  fecundation  does  not  take  place  in  the  cavity  of  the  uterus.  In 
rabbits,  when  the  ovum  has  descended  into  the  uterus,  it  is  surrounded  with 
a  dense,  albuminous  coating  which  the  spermatozoids  can  not  penetrate 
(Coste).  It  is  possible  that  this  occurs  in  the  human  subject.  Cases  of 
abdominal  pregnancy  show  that  an  ovum  may  be  fecundated  on  the  ovary, 
as  soon  as  it  is  discharged  from  the  Graafian  follicle. 

The  question  of  the  duration  of  vitality  of  the  spermatozoids,  after  their 
passage  into  the  uterus,  has  an  important  bearing  upon  the  time  when  con- 
ception is  most  liable  to  follow  sexual  intercourse.  The  alkaline  mucus  of 
the  internal  organs  actuaHy  favors  their  movements ;  the  movements  are  not 
arrested  by  contact  with  menstrual  blood ;  and,  indeed,  when  the  spermato- 
zoids are  mixed  with  the  uterine  mucus,  they  simply  change  their  medium, 
and  there  is  no  reason  to  believe  that  they  may  not  retain  their  vitality  as 
well  as  in  the  mucus  of  the  vesiculae  seminales.  It  seems  impossible,  there- 
fore, to  fix  any  limit  to  the  vitality  of  these  anatomical  elements,  under  phys- 
iological conditions ;  and  it  is  not  certain  that  spermatozoids  may  not  remain 
in  the  Fallopian  tubes  and  around  the  ovary,  when  intercourse  has  taken 
place  immediately  after  a  menstrual  period,  until  the  ovulation  following. 
There  is  an  idea,  based  upon  rather  general  and  indefinite  observation,  that 
conception  is  most  likely  to  follow  an  intercourse  which  occurs  soon  after  a 
monthly  period ;  but  it  is  certain  that  it  may  occur  at  any  time.     It  is  prob- 
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able  that  duriug  the  unusual  sexual  excitement  which  the  female  generally 
experieuces  after  a  monthly  perioii,  the  action  of  the  internal  organs,  att^?nd- 
ing  and  following  coitus,  presents  the  most  favorable  condition'^  for  the 
penetration  of  the  fecundating  elements,  and  this  may  ex]ilaiii  the  more  fre- 
quent occurrence  of  conception  as  a  consequence  of  intercourse  at  this  time. 
Unimt  of  the  Male  with  the  Female  Elemeui  of  iret^emtion. — The  first 
important  step  toward  a  ijonitive  knowledge  of  the  mechanism  of  fecuuda- 
tion  was  the  discovery  of  the  spermatozoids,  in  1077  ;  the  second  was  the 
demonstration,  by  Spallanzaui,  in  his  experiments  upon  artificial  fecunda- 
tion, that  when  the  seminal  fluid  is  curefully  filtered,  the  liquid  which  passea 
through  has  no  fecundating  properties,  the  male  element  remaining  on  the 
filter;  and  the  third  was  the  demonstration  of  the  presence  of  spermatozoids 
within  the  vitelline  memhnnie. 

In  the  ova  of  certain  animals,  an  opening,  called  a  micropyle^  ha«  been 
demonstrated  in  the  vitelline  membrane  (Harry,  Keber).  This  has  been  seen 
in  the  ova  of  rabbits,  although  its  exist43ncc  is  to  be  inferred,  only,  in  the 
hunnin  ovum.  In  the  ova  of  the  nephelis  vidgaris,  or  common  leech,  Robin 
has  seen  spermatozoids,  to  the  number  of  several  hundreds,  penetrate  th« 
vitelline  membrane,  always  at  one  point,  coutinning  their  movements  upon 
the  surfat'c  of  the  vitellus.  *'  Almost  always,  when  the  penetration  has. 
ceased,  a  bundle  of  epermatozoids  is  arrested  in  the  micropyle.**  The  pene- 
tration of  spermatozoiils  Iuls  been  observed  in  the  ova  of  other  animals,  in- 
cluding the  rabbit  (Newport,  Coste,  BischotT,  Weil  and  others),  Weil  has  see 
spermatoi^oids  wedged  in  the  substance  of  the  zona  pellucida,  has  added 
blood  to  a  specimen  iDtder  observation,  and  has  restored  the  movements  of 

the  spermatozoids  while  in   this  position* 
He  hius  also  seen,  in  some  instances,  per- 
'^       fectly  formed   spermatozolds  in   the   very 
^    substance  of  the  vitellus.     As  the  sperms- 
^  X    tozoids  pass  to  the  vitellus,  there  is  a  re- 
tra*?tion   of  its  substance,  leaving  a  space 
between   it  and   the   vitelline   membrane, 
which   soon   becomes    tilled   with  a  clear 
liquid* 

All  direct  ob^rvations  upon  the  lower 
forms  of  animals  have  shown  that  several 
^'^'^ou;[nfl^jL\^n'^^  siK^rmutozoids  are  necessary  for  the  fecon^ 

S?rfaoo'5'miSe?^  dation  of  a  single  ovum ;  hut  jdiysiologist* 

have  no  definite  idea  of  the  number  required 
in  mammals,  much  less  in  the  human  subject.  It  is  not  known  what  be- 
comes of  the  spermatozoids  after  they  have  come  in  couttu't  with  the  vitellus. 
All  that  can  l>e  said  ujwm  this  point  is  that  there  probably  is  a  direct  union 
between  the  two  generative  elements,  soon  to  be  followed  by  tlie  series  of 
changes  involved  in  the  first  jirocesses  of  development 

There  are  many  questions  connected  with  hereditary  transmission,  w^hich 
if  they  were  susceptible  of  any  thing  appro^iching  a  positive,  scientific  explana* 


71  W 


7 


FECUNDATION.  797 

tion,  would  be  of  great  interest  and  might  appropriately  be  discussed  in  a 
work  upon  physiology;  but  although  the  facts  of  hereditary  influence,  as 
regards  the  inheritance  both  of  physiological  and  morbid  attributes  and 
tendencies,  the  influence  of  the  maternal  mind  upon  the  development  of  the 
foetus,  the  effects  of  previous  pregnancies,  etc.,  can  not  be  doubted,  their  con- 
dderation  would  involve  little  more  than  a  mere  enumeration  of  remarkable 
phenomena. 

The  first  question  which  naturally  arises  relates  to  the  conditions  which 
determine  the  sex  of  the  offspring.  Statistics  show  clearly  enough  the  pro- 
portions between  male  and  female  births ;  but  nothing  has  ever  been  done  in 
the  way  of  procreating  male  or  female  children  at  will.  According  to  Longet 
the  proportion  of  male  to  female  births  is  about  104  to  105,  these  figures  pre- 
senting certain  modifications  under  varying  conditions  of  climate,  season, 
nutrition  etc.  It  has  been  shown,  by  very  extensive  observations  upon  cer- 
tain of  the  inferior  animals,  that  the  preponderance  of  sex  in  births  bears  a 
certain  degree  of  relation  to  the  vigor  and  age  of  the  parents ;  and  that  old 
and  feeble  females  fecundated  by  young  and  vigorous  males  produce  a  greater 
number  of  males,  and  vice  versd  ;  but  no  exact  laws  of  this  kind  have  been 
found  applicable  to  the  human  subject  The  idea  that  one  testicle  produces 
males,  and  the  other,  females,  or  that  the  two  ovaries  have  distinct  offices  in 
this  regard,  has  no  foundation  in  fact ;  for  men  with  one  testicle  or  females 
with  a  single  ovary  produce  offspring  of  both  sexes. 

No  definite  rule  can  be  laid  down  with  regard  to  the  transmission  of 
mental  or  physical  peculiarities  to  offspring.  Sometimes  the  progeny  assumes 
more  the  character  of  the  male  than  of  the  female  parent,  and  sometimes  the 
reverse  is  the  case,  without  any  reference  to  the  sex  of  the  child ;  sometimes 
there  appears  to  be  no  such  relation;  and  occasionally  peculiarities  are 
observed,  derived  apparently  from  grandparents.  This  is  true  with  regard 
to  pathological  as  well  as  physiological  peculiarities,  as  in  the  inherited 
tendencies  to  certain  diseases,  malformations  etc. 

A  peculiar  and,  it  seems  to  be,  an  inexplicable  fact  is  that  previous  preg- 
nancies have  an  influence  upon  offspring.  This  is  well  known  to  breeders  of 
animals.  If  pure-blooded  mares  or  bitches  have  been  once  covered  by  an 
inferior  male,  in  subsequent  fecundations  the  young  are  likely  to  partake  of 
the  character  of  the  first  male,  even  if  they  be  afterward  bred  with  males  of 
unimpeachable  pedigree.  What  the  mechanism  of  the  influence  of  the  first 
conception  is,  it  is  impossible  to  say ;  but  the  fact  is  incontestable.  The  same 
influence  is  observed  in  the  human  subject.  A  woman  may  have,  by  a  second 
husband,  children  who  resemble  a  former  husband,  and  this  is  particularly 
well  marked  in  certain  instances  by  the  color  of  the  hair  and  eyes.  A  white 
woman  who  has  had  children  by  a  negro  may  subsequently  bear  children  to 
a  white  man,  these  children  presenting  some  of  the  unmistakable  peculiarities 
of  the  negro  race. 

Superfecundation  of  course  does  not  come  in  the  category  of  influences 
just  mentioned.  It  is  not  infrequent  to  observe  twins,  when  two  males  have 
had  access  to  the  female,  which  are  entirely  distinct  from  each  other  in  their 
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pliysicjil  oharaeter;  a  fact  wliich  is  readily  explained  by  the  assui  a 

two  ova  have  been  separately  fecundated.     This  view  is  euiirt?ly  -  Iij 

observation  and  experiment.  Many  cases  illustrating  this  point  are  oii 
reeord. 

The  following  communication,  with  a  photograph*  was  reoeived  in  Jan- 
uary, 1809,  fi'om  Dr.  John  11.  Janew*ay,  Assistant  Surge«3a,  IT.  S.  A-,  and  U 
illui^trates  siiperfecundution  in  the  human  subject ;  or  at  least  that  waa  liw 
view  taken  by  the  negro  father : 

^'  Frances  Hunt,  a  freedwoman,  aged  thiiiy-five  years,  gave  birth  to  twim, 
February  4,  18U7^  in  New  Kent  County,  Virginia.  One  of  these  twins  va* 
black,  the  other  was  white.  Frances  is  a  mulatto.  The  black  child  is  much 
darker  than  she  is.  Previous  to  the  parturition,  she  had  given  birth  to  se\Tpa 
children,  all  single  births,  She  wa^  living  at  the  time  of  her  impreguatm 
in  the  family  of  a  white  man  as  house-servant,  sleeping  with  a  black  man  at 
night.  She  insists,  however,  that  she  never  had  carnal  intercourse  with  i 
white  man.     She  probably  doe^  tliia  because  the  black  man  turned  her  out  d 
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his  house  when  lie  saw  that  one  of  the  children  was  white.  The  only  no^ 
feature  in  the  white  child  was  its  nose.  There,  its  resemblance  to  it«  mother 
was  perfect.     Its  hair  was  long,  light,  and  silky.     Complexion  brilliant*^ 
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Beferenoe  has  already  been  made  to  the  curious  fact  that  when  a  cow 
produces  twins,  one  male  and  the  other  female,  the  female,  which  is  called  a 
free-martin,  is  sterile  and  presents  an  imperfect  development  of  the  internal 
organs  of  generation.  This  has  led  to  the  idea  that  possibly  the  same  law 
nta^r  Apply  to  the  human. subject,  in  cases  of  twins,  one  male  and  the  other 
female ;  but  nany  observations  are  recorded  in  gynaecological  works,  showing 
the  incorrectness  of  this  view. 

It  has  long  been  a  question  whether  impressions  made  upon  the  nervous 
system  of  the  mother  can  exert  an  influence  upon  the  foetus  in  utero.  While 
many  authors  admit  that  violent  emotions  experienced  by  the  mother  may 
affect  the  nutrition  and  the  general  development  of  the  fcetus,  some  writers 
of  authority  deny  that  the  imagination  can  have  any  influence  in  producing 
deformities.  The  remarkable  cases  recorded  as  instances  of  deformity  due  to 
the  influence  of  the  maternal  mind  are  not  entirely  reliable ;  and  it  often 
happens  that  when  a  child  is  born  with  a  deformity,  the  mother  imagines  she 
can  explain  it  by  some  impression  received  during  pregnancy,  which  she  re- 
calls only  after  she  knows  that  the  child  is  deformed.  There  is,  indeed,  no 
satisfactory  evidence  that  the  maternal  mind  has  anything  to  do  with  the 
production  of  deformities  in  utero. 

Changes  in  the  Fecundated  Ovum. 

It  is  probable  that  the  ovum  is  fecundated  either  just  as  it  enters  the 
Fallopian  tube  or  in  the  dilated  portion,  near  the  ovary.  As  it  passes  down 
the  tube,  whether  it  be  or  be  not  fecundated,  it  becomes  covered  with  an 
albuminous  layer.  This  layer  probably  serves  to  protect  the  fecundated 
ovum,  and  when  the  spermatozoids  do  not  penetrate  the  vitelline  membrane 
near  the  ovary,  it  presents  an  obstacle  to  their  passage.  Shortly  after  fecun- 
dation the  germinal  vesicle  disappears ;  but  this  occurs  in  ova  that  have  not 
been  fecundated.  Soon  after  ovulation,  also,  the  vitellus  gradually  withdraws 
itself  from  certain  portions  of  the  vitelline  membrane,  or  becomes  deformed, 
and  then  often  rotates  upon  itself.  The  deformation  and  gyration  of  the 
vitellus,  however,  have  been  observed  in  ova  before  fecundation.  They  are 
of  the  class  of  movements  called  amoeboid. 

After  the  penetration  of  spermatozoids  and  their  union  with  the  vitellus, 
at  least  in  many  of  the  lowest  forms  of  animals,  the  appearance  of  the  vitellus 
undergoes  a  remarkable  change,  by  which  ova  that  are  about  to  pass  through 
the  first  processes  of  development  may  readily  be  distinguished  from  those 
which  have  not  been  fecundated.  This  change  consists  in  an  enlargement 
of  the  granules  and  their  more  complete  separation  from  the  clear  substance 
of  the  vitellus.  The  granules  then  refract  light  more  strongly  than  before, 
so  that  the  fecundated  ova  are  distinctly  brighter  than  the  others.  This  is 
the  first  appearance  that  is  distinctive  of  fecundation. 

Polar  Olobule, — The  next  process  observed  in  the  ovum  is  the  separation 
from  the  vitellus,  of  a  comparatively  clear,  rounded  mass,  called  by  Robin  the 
polar  globule.  This  body  has  been  observed  by  various  anatomists  and  de- 
scribed under  different  names.     The  exact  mode  of  its  formation  has  been 


800 


GENERATION. 


studied  by  Robin  in  some  of  the  lower  forma  of  animals.     The  followitig  ara-^ 
the  phenomena  observed  in  t!ie  ova  of  the  nephelis  octoeiilata: 

P'ive  hours  after  the  entrance  of  the  spermatozoids,  a  little  elevation  ap- 
pears at  one  point  in  the  vitelluB.    This  is  the  beginning  of  the  polar  globule. 
It  increases  in  size  gradually,  and  becomes  constricted  at  it^  ba-so,  until  it  i$.j 
attached  to  the  vitelhis  by  a  little  pedicle.     There  is  then  usually  a  second  f 
globule  formed  just  behind  the  firsts  in  the  same  manner  j  and  sometime*!  w\ 
third  makes  its  apiK^arance.     As  soon  ajs  the  globules  are  fwrfectly  formed,  [ 
they  all  become  detached  from  the  vitellu.s,  but  remain  adherent  to  each  I 
other,  gradually  fusing  to  form  a  single,  rounded,  very  faintly  gninular  maiis. 
It  is  opposite  this  globule  that  the  first  furrow  of  segmentation  of  the  viteUus 
is  observed.     The  complete  fornuition  of  the  jMilar  globides  and  tlicir  fuiiion 
into  one  occupy  three  hours.     It  is  probable  that  the  jiolar  globule  is  fornuMl 
in  the  mammalia  in  the  manner  above  indicated.     Sometimes  the  polar  glob- 
ule is  formed  in  ova  that  luive  not  been  fecundated. 

Vitelline  Nucleus. — ^A  short  time  after  the  complete  formation  of  the 
polar  globule*  the  germinal  vesicle  having  disappeared,  tlie  deformed  vitellus 
resumes  it^  original,  rounded  appearance  and  fills  again  the  cavity  of  the 
vitelline  membrane.  At  this  time  the  extreme  periphery  of  the  vitellus  be- , 
comes  clearer,  the  granules  collect  in  a  large  zone  around  tlie  centre,  and  in 
the  centre  itself,  a  clear,  rounded  body  makes  its  appearance,  which  \&  called 
the  nnclens  of  the  vitellus.  This  niiiss  is  viscid,  amorphous,  without  granulea, 
and  is  entirely  dilTerent  from  the  germinal  vesicle,  having  no  nucleus  at  first, 
a  nucleus  and  a  nucl(X>lus,  however,  a{>pearing  in  each  of  the  many  cella 
which  result  from  it^  84?gmentjition.  The  formation  of  the  nucleus  of  the 
vitellus  is  positive  evidence  of  fecundation.  It  appears  tifteen  to  thirty 
hours  after  penetration  of  tlie  s  per  ma  toxoids. 

Seqmrutafimi  of  ike  Vitellm. — ^Almost  immediately  following  the  phe- 
nomena just  described,  the  vitelhis  begins  to  undergo  the  process  of  segmen- 
tation, by  which  it  m  divided  into  a  large  number  of  small  cells.  This  proee^a  i 
may  take  place  to  a  limited  extent  in  non-fecundated  ova;  but  in  these  in- 
stances the  cells  soon  disappear,  as  the  disint^gmtion  of  the  ovum  advances. 
The  true  segmentation  of  the  Wtellus^  however,  results  in  the  formation  of 


A,  tiie  riteUus  dlvJded  Into  tv 


ih^  two  c^IIa  iltvided  laia  four  ;  O,  the  four  oeUs  divided 
^Lht  ;  D.  the  bUistotlertriic  cellB, 


what  are  called  the  blastodermic  cells.     As  segmentjition  has  been  studied  in 
the  inferior  animals,  there  appciirs  first  a  furrow  in  the  vitellus,  at  the  site  of 
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the  polar  globule,  and  there  h  then  a  furrow  on  the  opposite  side,  both  deep- 
ening until  the  entire  vitellus  is  divided  into  two  globes.  These  are  at  first 
aphcriail ;  but  they  soon  beeouie  fattened  upon  each  other,  into  two  hemi- 
spheres. There  follows  then  a  similar  division  into  four,  another  into  eight, 
and  so  on,  until  the  entire  vitellus  Ib  divided  into  small  cells.  It  is  probable 
that  at  first  the  cells  of  the  vitellus  luive  no  membrane ;  but  a  membrane  is 
goon  formed,  a  nucleus  and  a  nuckH)lus  appear,  and  the  cells  are  perfect 
The  ovum  is  then  called  the  morula.  The  cells  measure  ^-^^  to  ^^^  of 
an  inch  {ilO  to  25/ia)  in  lH  am  etc  r. 

Most  of  the  phenomena  of  segmentation  have  been  observed  in  the  lower 
forms  of  animals ;  but  there  can  be  no  doubt  that  analogous  processes  take 
place  in  the  human  ovum.  In  the  rabbit,  forty-five  and  a  half  hours  after 
copulation,  Weil  observed  an  ovum  with  sixteen  segmentations,  situated  in 
the  lower  third  of  the  Fallopian  tube.  He  observed  an  ovum,  niuety-four 
hours  after  copuhition,  with  a  delicute  mosaic  appearance,  presenting  a  small, 
rounded  eminence  on  it.s  surface.  It  is  im]Kissible  to  say  how  long  the  process 
of  segmentation  continues  in  the  human  ovum.  It  is  stated  t!iat  it  is  com- 
pleted in  rabbits  in  a  few  days,  and  in  dogs,  that  it  occupies  more  than  eight 
days  (Hermann). 

When  the  cells  of  the  blastoderm  are.  completely  formed,  they  present  a 
polygonal  appearance,  m  they  are  pressed  against  the  vitelline  membrane, 
their  inner  surface  being  rounded.  The  ovum  then  contains  within  the 
external  layer  of  cells  a  certain  quantity  of  lifjuid,  and  is  increased  in  size  to 
the  diameter  of  ^  to  ^  of  an  inch  {t)'5  to  1  mm.)*  It  is  probably  in  this 
condition  that  the  ovum 
passes  from  the  Fallopian 
tube  into  the  uterus,  at 
about  the  eighth  day  after 
fecundation. 

Prim ifive  Traai^The 
cells  formed  by  the  segmen- 
tation of  the  vitellus,  after 
this  process  is  completed, 
are  arranged  in  the  form  of 
a  membrane  (the  blastoder- 
mic membmne)  which  is 
farther  subdivided,  m  de- 
velopment advatiees,  into 
iii3^ers,  wdiich  wdl  \ye  de- 
'"■erihed  hereafter.  The  al- 
buminous covering  which 
the  ovum  has  received  in 
the  upper  part  of  the  Fal- 
lopian tube  gradually  liquefies  and  penetrates  the  vitelline  membrane,  furnish- 
ing, it  is  thought,  matter  for  the  nourishment  and  development  of  the  vitel- 
lus.    In  the  Fallopian  tube,  indeed,  the  adventitious  albuminous  covering  of 


Fia,  sa>4.— Prtiwifiw  trace  af  the  embryon  (Ll^geolsV. 
a,  |irimitivt?  trnce;  5,  arp&  pelilucida;  c^  Aitit  opoca:  tL  blMto* 
dermic  cells  ;  e,  e,  yUU  beglimtn^'  to  appear  on  tlie  viteUliie 
tneiubraiie. 
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the  ovum  presenta  an  antilogy  to  the  albuminous  coverings  which  the  BggB  of 
oviparous  aiiimala  receive  in  the  oviducts;  with  the  ililTerent'e  that  this 
albuminous  matter  is  almost  the  sole  s^jurce  of  nouriBlimeut  in  the  latter, 
and  exists  in  large  quantity,  while  in  viviparous  animals,  the  quantity  is 
small,  is  generally  consumed  as  the  ovum  passes  iuto  the  uterus,  and  in  the 
uterus,  the  ovum  forms  attachments  to  and  draws  its  uuurishment  from  the 
Tascuhir  system  of  the  mother. 

8oon  after  the  formation  of  the  single,  Iilastodermic  membrane,  at  a  eer* 
tain  point  on  its  surface  there  appears  a  rounded  elevation  or  heap  of  smalk 
cells,  forming  a  distiuct  s|>ot^  called  the  embryonic  s]iot  As  devehipment 
advances^  this  spot  hec*)nies  elongated  and  oval.  It  is  then  surrounded  by  a 
clear,  oval  area,  called  the  area  pellucida,  and  the  area  pellucida  is  itj^elf  sur- 
rounded by  a  zone  of  cells,  more  granular  and  darker  t!ian  the  rest  of  the 
blastoderm,  called  the  area  opaca.  The  line  thus  formed  and  surrounded  by 
the  area  pellucida  is  calletl  the  primitive  trace.  This  primitive  trace,  or 
primitive  groove^  however,  is  a  temporary  structure.  After  the  groove  js 
formed,  there  appears  in  front  of  but  not  continuous  with  it,  a  new  fold 
and  a  groove  leading  from  it  This  is  the  "  head-fold,"  and  the  groove  ifl  the 
true  medullary  groove,  which  is  subsequently  developed  into  the  neural  eanaL 

Bhifitudermic  Layerti.^-^^thii  blastodermic  cells,  resulting  origirudly  from 
the  segmentation  of  the  vi  tell  us,  are  first  split  apparently  into  two  layers,  the 
external,  or  epiblast,  and  the  internal,  or  hypobhist.  The  epibhist  is  devel- 
oped into  the  epidermis  and  its  appendages,  the  glands  of  the  skin,  the  brain 
and  spinal  cord,  the  organs  of  special  sense  an<l  possibly  some  part«  of  the 
gen i to- urinary  apparatus.  The  hyiiohlast  is  devi*loped  into  the  epithelium 
lining  the  mucous  membrane  and  glands  of  the  stomach  and  intestinal  camd.  I 
There  is  a  tliickening  of  both  of  these  layers  at  the  line  of  development  of 
the  cerehro-spinal  system,  with  a  furrow  that  is  tiually  enclosed  by  an  eleva- 
tion of  the  ridges  and  their  union  posteriorly,  forming  the  canal  for  the 
fipinal  cord. 

Aa  the  spinal  canal  is  developed,  a  new  layer  of  cells  is  formed  between  the 
epiblast  and  the  hypoblast,  which  is  called  the  mesoblast^    The  meaoblast  itself  1 
afterward  splits  into  two  layei*s.     All  the  part«  not  enumerated  as  developed  1 
from  the  ejublast  or  hypoblast  are  dt^velopeil  from  the  two  layers  of  themeso*^ 
blast     The  cells  lining  the  vessels,  including  the  lymphatics,  which  exist  in 
a  single  layer,  are  called  endothelial  cells.     This  name  is  also  applied  to  the 
cells  lining  the  serous  membranes. 

Formation  of  the  Membranes, 

In  the  mammalia  a  portion  of  the  blastoderm  is  developed  into  mem* 
branes  by  which  a  communication  and  union  are  established  between  the 
ovnm  and  tlie  mucous  membrane  of  the  uterus.  From  the  ovum  two  mem- 
branes are  developed ;  one  non-vascular,  the  amnion,  and  another,  the  allan- 
t-ois,  which  is  vascular.  The  two  layers  of  decidua  are  formed  from  the 
mucous  membrane  of  the  uterus.  At  a  certiviu  part  of  the  ut^nis,  a  vascular 
connection  is  established  between  the  mucous  membrane  and  the  allantoisi 
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and  the  union  of  these  two  structures  forms  the  placenta.  The  foetal  portion 
of  the  placenta  is  connected  with  the  foetus,  hy  the  vessels  of  the  umbilical 
cord,  and  the  maternal  portion  is  connected  with  the  great  uterine  sinuses. 

The  external  covering  of  the  ovum,  during  the  first  stage  of  its  develop- 
ment, is  the  vitelline  membrane.  As  the  ovum  is  received  into  the  uterus, 
the  vitelline  membrane  develops  upon  its  surface  little  villosities,  which  are 
non- vascular  and  are  formed  of  amorphous  matter  with  granules.  These  are 
the  first  villosities  of  the  ovum,  and  they  assist  in  fixing  the  egg  in  the  uter- 
ine cavity.  They  are  not  permanent,  they  do  not  become  developed  into  the 
vascular  villosities  of  the  chorion  and  they  disappear  as  the  true  membi-anes 
of  the  embryon  are  developed  from  the  blastodermic  layers.  The  vitelline 
membrane  disappears  soon  after  the  passage  of  the  ovum  into  the  uterus, 
when  it  is  replaced  by  the  amnion. 

Formation  of  the  Amnion, — As  the  ovum  advances  in  its  development,  it 
is  observed  that  a  portion  of  the  blastoderm  becomes  thickened,  forming  the 
epiblast,  the  two  layers  of  the  mesoblast  and  the  hypoblast.  At  about  the 
time  when  this  thickening  begins,  a  fold  of  the  epiblast  and  of  the  external 
layer  of  the  mesoblast  makes  its  appearance,  which  surrounds  the  thickened 
portion  and  is  most  prominent  at  the  cephalic  and  the  caudal  extremity  of 
the  furrow  for  the  neural  canal.  This  fold  increases  in  extent  as  develop- 
ment advances,  passes  over  the  dorsal  surface  of  the  embryon  and  finally 
meets  so  as  to  enclose  the  embryon  completely.  At  a  certain  period  of  the 
development  of  the  amnion,  this  membrane  consists  of  an  external  layer, 
formed  of  the  external  layer  of  the  fold,  and  an  internal  layer ;  and  the  point 
of  union  of  the  two  layers,  or  the  point  of  meeting  of  the  fold,  is  marked  by 
a  membranous  septum. 

The  two  amniotic  layers  are  formed  in  the  way  just  described,  and  a  com- 
plete separation  finally  takes  place,  by  a  disappearance  of  the  septum  formed 
by  the  meeting  of  the  folds  over  the  back  of  the  embryon.  This  process 
occupies  four  or  five  days,  in  the  human  ovum.  The  point  where  the  folds 
meet  is  called  the  amniotic  umbilicus.  When  the  amnion  is  thus  completely 
formed,  the  vitelline  membrane  has  been  encroached  upon  by  the  external 
amniotic  layer  and  disappears,  leaving  this  layer  of  the  amnion  as  the  external 
covering  of  the  ovum.  At  this  time  there  is  a  growth  of  villosities  upon  the 
surface  of  the  external  amniotic  layer,  which,  like  the  villosities  of  the  vitel- 
line membrane,  are  not  vascular. 

Soon  after  the  development  of  the  amnion  the  allantois  is  formed.  This 
membrane  is  vascular.  It  encroaches  upon  and  takes  the  place  of  the  external 
amniotic  membrane,  and  is  covered  with  hollow  villi,  which  take  the  place 
of  the  villi  of  the  amnion.  Over  a  certain  portion  of  the  membrane  the  villi 
are  permanent  The  mode  of  development  of  the  amnion  is  illustrated  by 
the  diagrammatic  Fig.  295.  This  figure  illustrates  the  formation  of  the 
amnion,  the  umbilical  vesicle  and  the  allantois.  The  last  two  structures  are 
derived  from  the  hypoblast  and  the  internal  layer  of  the  mesoblast. 

When  the  allantois  has  become  the  chorion,  or  the  external  membrane  of 
the  ovum,  having  taken  the  place  of  the  external  layer  of  the  amnion,  the 
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cal  cord,  which  connects  the  embryon  with  the  placental  portion  of  the 
chorion,  and  the  umbilical  vesicle,  formed  from  the  same  layers  as  the  allan- 
tois.  3.  The  amnion,  which  is  the  internal  layer  of  the  amniotic  fold,  per- 
sisting throughout  foetal  life.    4.  The  embryon  itself. 

During  the  early  stages  of  development  of  the  umbilical  vesicle  and  the 
allantoiB,  the  internal  amniotic  layer,  or  the  true  amniotic  membrane,  is 
cloedy  applied  to  the  surface  of  the  embryon,  and  is  continuous  with  the  epi- 
dennifly  at  the  umbilicus.  It  is  then  separated  from  the  allantois  by  a  layer 
of  gektinous  matter ;  and  in  this  layer,  between  the  amnion  and  the  allan- 
tds,  ur  the  umbilical  vesicle.  At  this  time  the  umbilical  cord  is  short  and 
not  twisted.  As  development  advances,  however,  the  intermembranous  gelat- 
inous matter  gradually  disappears ;  the  cavity  of  the  amnion  is  enlarged  by 
the  production  of  a  liquid  between  its  internal  surface  and  the  embryon ;  and 
at  about  the  end  of  the  fourth  month,  the  amnion  comes  in  contact  with  the 
internal  sar&ce  of  the  chorion.  At  this  time  the  embryon  floats  in  the 
amniotio  cavity,  surrounded  by  the  amniotic  fluid. 

The  amnion  forms  a  lining  membrane  for  the  chorion.  By  its  gradual 
enlaigement  it  has  formed  a  covering  for  the  umbilical  cord ;  and  between 
it  and  the  cord,  is  the  atrophied  umbilical  vesicle.  The  amnion  then  resem- 
Mea  ft  aerons  membrane,  except  that  it  is  non-vascular.  It  is  lined  by  a 
single  layer  of  pale,  delicate  cells  of  pavement-epithelium,  which  contain  a 
few  fine,  fatty  granulations.  At  term  the  amnion  adheres  to  the  chorion, 
althongh  it  may  be  separated,  with  a  little  care,  as  a  distinct  membrane  and 
nuiy  be  stripped  from  the  cord.  From  its  arrangement  and  from  the  absence 
of  Uood-vessels,  it  is  evident  that  this  membrane  is  simply  for  the  protec- 
tion of  the  foetus  and  is  not  directly  concerned  in  its  nutrition  and  devel- 
opment (see  Plate  II,  Fig.  2).  The  gelatinous  mass  referred  to  above,  situ- 
ated, during  the  early  periods  of  intraiiterine  life,  between  the  amnion  and 
the  chorion,  presents  a  semi-fluid  consistence,  with  very  delicate,  interlacing 
fibres  of  connective  tissue  and  fine,  grayish  granulations  scattered  through 
its  substance.  These  fibres  are  gradually  developed  as  the  quantity  of  gelat- 
inous matter  diminishes  and  the  amnion  approaches  the  chorion,  until 
finally  they  form  a  rather  soft,  reticulated  layer,  which  is  sometimes  called 
the  membrana  media. 

Amniotic  Fluid. — The  process  of  enlargement  of  the  amnion  shows  that 
the  amniotic  fiuid  gradually  increases  in  quantity  as  the  development  of  the 
foetus  progresses.  At  term  the  entire  quantity  is  variable,  being  rarely  more 
than  two  pints  (about  one  litre)  or  less  than  one  pint  (about  half  a  litre). 
In  the  early  periods  of  utero-gestation  it  is  clear,  slightly  yellowish  or  green- 
ish, and  perfectly  liquid.  Toward  the  sixth  month  its  color  is  more  pro- 
nounced and  it  becomes  slightly  mucilaginous.  Its  reaction  usually  is  neutral 
or  faintly  alkaline,  though  sometimes  it  is  feebly  acid  in  the  latest  periods. 
It  sometimes  contains  a  small  quantity  of  albumen,  as  determined  by  heat 
and  nitric  acid ;  and  there  generally  is  a  gelatinous  precipitate  on  the  addi- 
tion of  acetic  acid.  The  following  table  gives  its  chemical  composition 
(Robin) : 
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Wfttor. DOKK)  to  »75-00 

Albumen  and  mizclue , , 0*82  "     10*77 

Urea 2-00  **      3-50 

Creatine  and  creatinine  (Scherun  Eabiii  and  VerdeilX * .  not  estimiited 

Sodium  Itictiitti  (Vogt,  Rt^g:nauld). ...  ft  trace 

Fatty  iiiatt<?rs  (Rees,  Miitk) 0-13  to      1*25 

Glucose  (Bernard). .  not  estimated 

Sodium  eliloride  aud  potassium  chloride ......   2*40  to      5*115 

Calcium  chloHdc. ,-,.,,.... .,,.......,...*..  a  trace 

Sodium  carbonate a  trace 

S«xlium  sulphate , . , , , a  tfBce 

Pota^ium  sulphate  ( R<?es) a  trace 

Calcareous  and  Jnagnesian  phosphates  and  sulphates 1'14  to      1*72 

The  presence  of  certain  of  the  urinary  constituents  in  the  amniotic  fluid 
has  led  to  the  view  that  the  urine  of  tlie  foetus  is  discharged  in  greiiter  or  lei 
quantity  into  the  umniotic  cavity,  Bernard,  who  is  cited  in  the  tahle  of  com- 
position  of  the  amniotic  tiuitl  as  having  determined  the  presence  of  sugar, 
has  shown  that  in  animals  with  a  multiple  placenta,  the  amnion  has  a  glyco- 
genic action  during  the  early  part  of  intrauterine  existence. 

With  regard  to  the  origin  of  the  amniotic  fluid,  it  is  impossible  to  gay  ' 
how  much  of  it  is  derived  from  the  genend  surface  of  the  foetus,  how  much 
from  the  urine,  and  how  much  from  the  amnit>n  itself,  by  transudation  from 
the  vascular  structureii  beneath  this  membrane.  The  quantity  apparently  is 
too  great,  especially  in  the  early  montliB,  to  ho  derived  entirely  from  the  urine 
of  the  fwtus,  and  there  probably  is  an  exudation  from  the  general  surface  of 
the  foetus  and  from  the  membranes.  After  the  third  month  the  selmceous 
secretion  from  tlie  skin  of  the  fietus  prevents  the  absorption  of  any  of  the 
hquid.  An  important  property  of  the  amniotic  fluid  is  that  of  resisting  pu- 
trefiK!tion  and  of  preserving  ilead  tissues. 

Format  inn  of  Ihe  Umbilical  Vesirie.—As  the  visceral  plates,  which  will 
he  de8crii)ed  hereafter,  close  over  the  front  of  the  emhrvon,  that  portion  of 
the  blastoderm  from  which  the  intestinal  canal  is  developed  presents  a  vesicle, 
which  is  cut  oti  from  the  abdominal  cavity  but  which  still  commuuicates 
freely  with  the  intestine.  This  is  the  umbilical  vesicle.  On  its  surface,  ifi  a 
rich  plexus  of  blood-vessels;  and  this  is  a  very  important  organ  in  birds  and 
in  many  of  the  lower  forms  of  animals.  In  the  human  subject  and  in  mam- 
mals, however,  the  umbilical  vesicle  is  not  so  important,  as  nntTition  is 
secured  by  means  of  vascuhir  connections  between  t!ie  chorion  and  the  utenis. 
The  vesicle  becomes  gradually  removed  farther  and  farther  from  the  em- 
bryon,  as  development  advances,  by  the  elongation  of  it^  pedicle,  and  it  is 
eompre88e<l  between  the  amnion  and  the  chorion,  as  the  former  membrane 
becomes  distended. 

When  the  umbilical  vesicle  is  formed,  it  receives  two  arteries  from  the 
two  aortsB,  and  the  blood  is  returned  to  the  einhryon,  by  two  veins,  which 
open  into  the  vestibule  of  the  heart*  These  are  called  the  omphalo-mesi^n- 
teric  vessels.     At  about  the  fortieth  day  one  artery  and  one  vein  disappear. 
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and  soon  after,  all  vascular  connection  with  the  embryon  is  lost.  At  first 
there  is  a  canal  of  communication  with  the  intestine,  called  the  omphalo- 
mesenteric canal.  This  is  gradually  obliterated,  and  it  closes,  between  the 
thirtieth  and  the  thirty-fifth  day.  The  point  of  communication  of  the  vesi- 
cle with  the  intestine  is  called  the  intestinal  umbilicus ;  and  early  in  the 
process  of  development,  there  is  here  a  hernia  of  a  loop  of  intestine.  The 
umbilical  vesicle  reTmuns  as  a  tolerably  prominent  structure  as  late  as  the 
fourth  or  fifth  month,  but  it  may  often  be  discovered  at  the  end  of  preg- 
nancy. 

The  umbilical  vesicle  presents  three  coats;  an  external,  smooth  mem- 
brane, formed  of  connective  tissue,  a  middle  layer  of  transparent,  polyhedric 
cells,  and  an  internal  layer  of  spheroidal  cells.  The  membrane,  composed  of 
these  layers,  encloses  a  pulpy  mass,  composed  of  a  liquid  containing  cells  and 
yellowish  granulations. 

Formation  of  the  Allantois  and  the  Permanent  Chorion. — During  the 
early  stages  of  development  of  the  umbilical  vesicle,  and  as  it  is  shut  off 
from  the  intestine,  there  appears  an  elevation  at  the  posterior  portion 
of  the  intestine,  which  rapidly  increases  in  extent,  until  it  forms  a  mem- 
brane of  two  layers,  which  is  situated  between  the  internal  and  the  external 
layers  of  the  amnion.  This  membrane  becomes  vascular  early  in  the  prog- 
ress of  its  development,  increases  in  size  quite  rapidly,  and  finally  it  com- 
pletely encloses  the  internal  layer  of  the  amnion  and  the  embryon,  the 
gelatinous  mass  already  described  being  situated  between  it  and  the  internal 
amniotic  layer  before  this  membrane  becomes  enlarged.  While  the  forma- 
tion of  the  two  layers  of  the  allantois  is  quite  distinct  in  certain  of  the  lower 
forms  of  animals,  in  the  human  subject  and  in  mammals  it  is  not  so  easily 
observed ;  still  there  can  be  no  doubt  as  to  the  mechanism  of  its  formation, 
even  in  the  human  ovum.  Here,  however,  the  allantois  soon  becomes  a 
single  membrane,  the  two  original  layers  of  which  can  not  be  separated  from 
each  other.  The  process  of  the  development  of  the  allantois  is  shown  in  the 
diagrammatic  Fig.  295  (3,  4,  5). 

It  is  the  vascularity  of  the  allantois  which  causes  the  rapid  development 
by  which  it  invades  and  finally  supersedes  the  external  layer  of  the  amnion, 
becoming  the  permanent  chorion,  or  external  membrane  of  the  ovum.  At 
first  there  are  two  arteries  extending  into  this  membrane  from  the  lower  por- 
tion of  the  aorta,  and  two  veins.  The  two  arteries  persist  and  form  the  two 
arteries  of  the  umbilical  cord,  coming  from  the  internal  iliac  arteries  of  the 
foetus ;  and  one  vein,  the  umbilical  vein,  which  returns  the  blood  from  the 
placenta  to  the  foetus,  is  permanent.  These  vessels  are  connected  with  the 
permanent,  vascular  tufts  of  the  chorion. 

The  development  of  the  allantois  can  not  be  well  observed  in  human  ova 
before  the  fifteenth  or  the  twenty-fifth  day.  When  the  allantois  becomes  the 
permanent  chorion,  it  is  marked  by  a  large  number  of  hollow,  branching 
villi  over  its  entire  surface,  which  give  the  ovum  a  shaggy  appearance.  As 
the  ovum  enlarges,  over  a  certain  area  surrounding  the  point  of  attachment 
of  the  pedicle  which  connects  the  chorion  with  the  embryon,  the  villi  are 
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TlQ.  2^,— Human  emhruon  at  thr  third  week,  thowing 
villi  t^ot^ring  the  tntinr  chorion  iHaecket). 


developed  more  rapidly  than  over  the  rest  of  the  surface.     Indeed,  tis  the 
ovum  becomes  larger  and  larger,  the  villi  of  the  surface  outside  of  this  are« 

beeome    more   aud    more   scanty, 

9^fGh^k^^S^&\^  ^^^^^   ^^^^^^^  va^uhirity  and  finally 

Bf>     ^^MJiJ^'^T  I  II  disa}ipear.     That    portion  of   the 

allaotois  upon  which  the  villi  per- 
sist and  increase  in  leng:th  and  in 
the  number  of  their  branches  is 
destined  to  form  connections  with 
the  mticous  mem b rune  of  the  ute- 
rus and  constitutes  the  fcptal  jxjr- 
tion  of  the  placenta.  This  change  j 
begiUxS  at  about  the  end  of  the  sec* 
Dod  month,  ami  the  phicenta  be- 
oomea  distinctly  limited  at  about 
the  end  of  the  third  month. 

It  must  be  remembered  that  as ' 
the  changes  go  on  which  result  in 
the  formation  of  the  permanent 
chorion  and  the  limitation  of  the 
foetal  portion  of  the  placenta,  the 
formation  of  tlie  nmbilical  vesicle  and  the  enlargement  of  the  amnion  are 
also  progressing.  The  amnion  is  gnidimlly  distended  by  the  incrciise  in  the 
quantity  of  amniotic  fluid.  It  reaches  the  internal  surface  of  the  chorion  at 
about  the  end  of  the  fourth  month,  extends  over  the  umbilical  cord  to  form 
its  external  covering,  including  the  conl  of  the  nmbiUcal  vesicle,  and  the 
umbilical  vesicle  itself  lies  in  the  gelatinous  matter  between  the  two  mem* 
branes* 

At  about  the  beginning  of  the  fifth  month  the  ovum  is  constituted  i 
follow  8 : 

The  fcBtns  floats  freely  in  the  amniotic  fluid,  attached  to  the  placenta  by 
the  umbilical  coi-d  j  the  chorion  presents  a  highly  vascular,  thickened  and 
villous  jwrfcion,  the  fa?tal  portion  of  the  pliK-enta;  the  rest  of  the  chorion  is 
a  simple  membrane,  without  villi  and  without  blood-vessels ;  the  amnion 
lines  the  internal  surface  of  the  chorion  and  also  forms  the  external  covering 
of  the  umbilical  cord  ;  the  umbilical  vesicle  has  become  atrophied  and  has 
lost  its  vascularity ;  the  hernia  at  the  point  of  connection  of  the  umbilical 
vesicle  with  the  intestine  of  the  foatus  has  closed;  and  finally  the  fcBtus  hafl  , 
undergone  considerable  development. 

Umbiiural  Cord. — From  tlie  description  given  of  the  mode  of  develop- 
ment of  the  chorion  and  the  amnion,  it  is  evident  that  the  umbilical  cord  is 
nothing  more  than  the  pedicle  which  connects  the  embryon  with  that  por- 
tion of  the  chorion  wiiich  enU^rs  into  the  structure  of  the  placenta.  It  is, 
indeed,  a  process  of  the  allantois,  in  which  the  vessels  eventuully  become  the 
most  imjwrtant  structures.  The  cord  is  distinct  at  about  the  end  of  the  first 
month ;  aud  as  development  advances,  the  vessels  consist  of  two  arteries  , 
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coming  from  the  body  of  the  foetus,  which  are  twisted  usually  from  left  to 
right,  around  the  single  umbilical  vein.  In  addition  to  the  spiral  turns  of 
the  arteries  around  the  vein,  the  entire  cord  may  be  more  or  less  twisted, 
probably  from  the  movements  of  the  foetus. 

The  fully  developed  cord  extends  from  the  umbilicus  of  the  foetus  to  the 
central  portion  of  the  placenta,  in  which  its  insertion  usually  is  oblique ; 
although  it  may  be  inserted  at  other  points,  and  even  outside  of  the  border  of 
the  placenta,  its  vessels  penetrating  this  organ  from  the  side.  Its  usual 
length,  which  varies  very  considerably,  is  about  twenty  inches  (508  centi- 
metres). It  has  been  observed  as  long  as  sixty  (152-4  centimetres),  and  as 
short  as  seven  inches  (17*8  centimetres).  When  the  coi'd  is  very  long,  it 
sometimes  presents  knots,  or  it  may  be  wound  around  the  neck,  the  body  or 
any  of  the  members  of  the  foetus ;  and  this  can  be  accounted  for  only  by  the 
movements  of  the  foetus  in  utero. 

The  external  covering  of  the  cord  is  a  process  of  the  amnion ;  and  as  it 
extends  over  the  vessels,  it  includes  a  gelatinous  substance  (the  gelatine  of 
Wharton)  which  surrounds  the  vessels  and  protects  them  from  compression. 
This  gelatinous  substance  is  identical  with  the  so-called  membrana  inter- 
media, or  the  substance  included  between  the  amnion  and  the  chorion.  The 
entire  cord,  covered  with  the  gelatine  of  Wharton  and  the  amnion,  usually  is 
about  the  size  of  the  little  finger.  According  to  Robin,  the  umbilical  cord 
will  sustain  a  weight  of  about  twelve  pounds  (5*4  kilos).  As  the  amniotic 
fluid  accumulates  and  distends  the  amniotic  membrane,  this  membrane  be- 
comes more  and  more  closely  applied  to  the  cord.  The  pressure  extends 
from  the  placental  attachment  of  the  cord  toward  the  foetus,  and  it  gradu- 
ally forces  into  the  abdomen  of  the  foetus  the  loop  of  intestine,  which,  in  the 
early  periods  of  intrauterine  life,  forms  an  umbilical  hernia. 

The  vessels  of  the  cord,  the  arteries  as  well  as  the  vein,  are  provided 
with  valves.  These  are  simple  inversions  of  the  walls  of  the  vessels,  and 
they  do  not  exist  in  pairs  nor  do  they  seem  to  influence  the  current  of  blood. 
In  the  tfrteries  these  folds  are  situated  at  intervals  of  half  an  inch  to  two 
inches  (12*7  to  58*8  mm.),  and  they  are  more  abundant  where  the  vessels  are 
very  contorted.  In  the  vein  the  folds  are  most  abundant  near  the  placenta. 
They  are  very  irregularly  placed,  and  in  a  length  of  four  inches  (10  centi- 
metres), fifteen  folds  were  found  (Berger).  It  is  not  apparent  that  these 
valvular  folds  have  any  physiological  importance. 

As  the  allantois  is  developed,  it  presents,  in  the  early  stages  of  its  forma- 
tions, three  portions ;  an  external  portion,  which  becomes  the  chorion,  an 
internal  portion,  enclosed  in  the  body  of  the  embryon,  and  an  intermediate 
portion.  The  intermediate  portion  becomes  the  umbilical  cord.  As  the 
umbilicus  of  the  foetus  closes  around  the  cord,  it  shuts  off  a  portion  of  the 
allantois,  contained  in  the  abdominal  cavity,  which  becomes  the  urinary  blad- 
der; but  there  is  a  temporary  communication  between  the  internal  portion 
and  the  lower  portion  of  the  cord,  called  the  urachus.  This  generally  is 
ob^terated  before  birth  and  is  reduced  to  the  condition  of  an  impervious 
cord ;  but  it  may  persist  during  intrauterine  life,  in  the  form  of  a  narrow 
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oaiial  extending  from  the  bludder  to  the  nmbilieiis,  which  is  dosed  sooniil 
birth. 

Membranm  Decidum, — In  additiou  to  the  two  membranes  connected  with 
the  ftiitus,  there  are  two  nieTohranes  formed  from  the  mucous  membrane  of 
the  uterus,  which  are  derived  from  the  motiier  and  whit-h  s^tyq:  still  farther 
to  protect  the  ovum.  The  chorion  is  for  the  protection  of  the  fcetus ;  but  a 
portion  of  this  mem b nine— about  one-third  of  its  sui-faee — becomes  closely 
united  witli  a  corresponding  portion  of  the  uterine  mucouis  membrane,  Xo 
form  the  placenta. 

As  the  fecundated  ovum  descends;  into  the  uterus,  it  is  invested  with  a 
shaggy  covering,  which  is  either  the  permanent  chorion  or  one  of  the  mem- 
branes wluch  invests  the  ovum  previous  to  the  complete  development  of  the 
ftllantois.  xVt  this  time  the  mucous  membrane  of  the  utenis  ha^  undergone 
certain  changes  by  which  it  is  prepared  fur  the  reception  of  the  ovum.  The 
changei^  whicli  this  membrane  undergoes  in  menstruation  have  already  been 
described*  It  has  been  seen  that  during  an  ordinary  menstrual  period,  the 
meml>rane  is  increased  three  or  four  times  in  thickness  and  becomes  more  or 
less  rugous.  If  a  fecundate<l  ovum  descend  into  the  uterus,  the  changes  iu 
the  mucous  membrane  progress.  The  glands  enlarge  and  the  mucous  mem- 
brane becomes  thicker,  so  that  at  the  end  of  the  first  month  it  measurei  I 
abou(;  two-fifths  of  an  inch  (10  mm.).  This  tliickening  is  due  chiefly  to  dt^ 
velopment  of  tissue  between  the  glands,  and  the  membmne  becomes  soft  and 
pulpy.  In  the  mean  time  the  ovum  has  effected  a  lodgement  between  the 
folds,  usually  at  the  fundus,  near  the  opening  of  one  of  tlie  Fallopian  tubes; 
and  the  a<ljacent  partes  of  the  mucous  membrane  extend  over  the  ovum  so 
that  it  is  at  last  cujnpletely  enclosed.  This  occurs  at  the  twelfth  or  thirteenth 
day  (Reichert).  Tlie  extension  of  the  mucous  membrane  which  covers  the 
ovum  becomes  the  decidua  reflexa ;  the  changed  mucous  memltrane  which 
lines  the  uterus  becomes  the  decidua  vera;  and  the  portion  of  the  mucoiu 
membrane  which  remains  at  the  site  of  the  placenta  becomes  the  decidua 
scroti na.  The  Viiseular  villositics  of  the  chorion  do  not,  as  was  once  thought, 
penetrate  the  uterine  tubules,  but  they  become  surrounded  by  tissncs  devel- 
oped between  these  tubules. 

As  development  advances,  the  decidua  vera  becomes  extended,  loses  ita 
vessels  and  glands  and  is  reduced  to  the  condition  of  a  simple  membrane,  | 
The  cylindrical  epiihelium  of  the  mucous  membrane  of  the  hotly  of  the  ute- 
rus, soon  after  fecundation,  becomes  exfoliate*!,  and  it«  place  is  supplied  by 
flattened  cell**.  This  change  is  effected  at  the  sixth  or  tlie  eighth  week.  The 
epithelium  of  the  cervix  retains  its  cylindrical  charat*ter,  but  most  of  the 
cells  lose  their  cilia.  The  decidua  refiexa,  which  is  thinner  than  the  decidua 
vera,  has  neitlier  blmxl- vessels,  glands  nor  epithelium. 

During  the  first  periods  of  utero-gestation,  the  two  layers  of  decidua  are^ 
separated  by  a  small  4]uantity  of  an  albuminous  and  sometimes  a  sangninolent 
fluid;  but  this  disappears  at  about  the  end  of  the  fourth  month,  and  the 
membranes  then  come  in  contact  with  each  other.     They  soon  become  so 
closely  adherent  m  to  form  a  single  membraiie,  which  is  in  contact  with  the 
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chorion.  Sometimes,  at  full  term,  the  membranes  of  the  foetus  can  be  sepa- 
rated from  the  decidua;  but  frequently  all  of  the  different  layers  are  closely 
adherent  to  each  other. 

The  changes  just  described  are  not  participated  in  by  the  mucous  mem- 
brane of  the  neck  of  the  uterus.  The  glands  in  this  situation  secrete  a  semi- 
solid, transparent,  viscid  mucus,  which  closes  the  os  and  is  sometimes  called 
the  uterine  plug. 

Toward  the  fourth  month  a  very  delicate,  soft,  homogeneous  layer  ap- 
pears over  the  muscular  fibres  of  the  uterus,  beneath  the  decidua  vera,  which 
is  the  beginning  of  a  new  mmcous  membrane.  This  is  developed  very  gradu- 
ally, and  the  membrane  i&  completely  restored  about  two  months  after  partu- 
rition. 

Formation  of  the  Placenta. — At  about  the  end  of  the  second  month  the 
villi  of  the  chorion  become  enlarged  and  arborescent  over  that  part  which 
eventually  forms  the  fcetal  portion  of  the  placenta.  They  are  then  highly 
vascular  and  are  embedded  in  the  soft  substance  of  the  hypertrophied  mucous 


Fio.  ftm .—Diagrammatic  figure,  showing  the  placenta  and  deciduce  (Li^geols). 
c,  embrjon  :  i,  intestine  ;  p,  pe<licle  of  the  umbilical  vesicle ;  o.  umbilical  vesicle  ;  ni,  m,  m.  amnion  ; 
a%  chorion  ;  a,  lower  end  of  the  umbilical  cord  ;  </.  7,  vascular  tufts  of  the  chorion,  constituting?  the 
foBtal  portion  of  the  placenta ;  n',  ?t,  maternal  portion  of  the  placenta  ;  n,  n,  decidua  vera ;  «,  decid- 
ua reitexa. 

membrane.  At  the  same  time  the  villi  over  the  rest  of  the  chorion  are  ar- 
rested in  their  growth,  and  they  finally  disappear  during  the  third  month. 
The  blood-vessels  penetrate  the  villi  in  the  form  of  loops  at  about  the  fourth 
week ;  and  the  placenta  is  distinctly  marked  at  about  the  end  of  the  third 
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month.    The  placenta  then  rapidly  assume«  the  anatomical  characters  ob- 
served uft^r  it  miiv  be  said  to  be  fully  developed. 

The  fidly  formed  iihu'eiita  oeeupies  about  ooe-thinl  of  the  uterine  mueons 
membrane,  and  generally  is  rounded  or  ovoid  in  form,  with  a  distinct  border 
conneeteci  with  the  decidua  and  the  chorion.  It  is  seven  to  nine  inches*  (18 
to  23  centimetreii)  in  fliameter,  a  little  more  than  an  inch  (2*5  centimetres)^ 
in  thickness  at  the  point  of  |>cnetration  of  the  unibilieal  cord,  shghtly  at- 
tenuated toward  the  border,  and  weighs  fifteen  to  thirty  ounces  {426  to  850 
gnimnici^).  Its  ftetal  surface  is  covered  with^the  smooth,  amniotic  membrane, 
and  its  uterine  surface,  when  detached,  ia  rough,  and  divided  into  irregnhir 
lobes,  or  eotylcdcuis,  hiilf  an  inch  to  an  inch  and  a  half  (12'T  to  38*1  mm.)  in 
diumeten  Between  these  lobes,  are  membranes,  called  dissepiments,  which 
penetrate  into  the  substance  of  the  organ,  frequently  as  tar  as  the  fcptal  i 
itirface. 

I'pon  the  uterine  surface  of  the  placenta^  is  a  thin,  soft  membrane,  the 
decidua  scroti na.     This  is  composed  of  amorphous  matter,  a  large  nnmber  of  . 
granuktioiitt,  and  colos^iil  cells  with  enlarged  and  multiple  nuclei.    A  portion 
of  this  membrane  ia  not  thrown  off  with  the  placenta  in  parturition,  btit  pro- 
cesses extend  into  the  placenta  and  closely  surround  the  fa4al  tufts. 

The  two  arteries  of  the  nmbilical  cord  branch  upon  the  ftctal  surface  of 
the  placenta,  beneath  the  amnion,  and  finally  penetrate  the  substance  of  the 
organ.  Tbc  branches  of  tlie  veins,  which  are  about  sixteen  m  numl:»er,  con- 
verge toward  the  cord  and  unite  to  form  the  umbilicul  vein.  Upon  the 
uterine  surface  of  the  placenta  are  oblique  openings  of  a  large  number  of 
veins  which  return  the  maternal  blood  to  the  uterine  sinuses.  There  are  also 
the  small,  spiral  arteries,  which  pa^s  into  the  substance  of  the  organ,  to  supply 
blood  to  the  maternal  port  ion.  These  are  the  "  curling  arteries,"  describe*! 
by  John  Hunter.  If  the  umbilical  arteries  be  injected,  the  fluid  is  retunied 
by  the  umbilical  vein,  having  passed  through  the  vascular  tufts  of  the  ftttJil 
portion  of  the  placenta. 

According  to  Winkler,  there  are  three  kinds  of  foetal  villi :  K  Those 
which  terminate  just  beneath  the  chorion,  without  penetrating  the  vascular  ] 
lacunae.     2,  Longer  villi,  which  hang  free  in  the  lacunae.     3.  Long,  branch- 
ing villi,  wiiich  penetrate  more  deeply  into  the  placenta,  some  extending  ag 
far  as  its  uterine  surface. 

The  great  vascular  spaces,  or  lacunae  of  the  maternal  portion  of  the  pla- 
centa, present  a  miniber  of  trabecuhv,  which  extend  from  tlie  uterine  to  the 
ftetal  surface;  and  between  these  tral>ecul^,  are  exct»edi ugly  delicate,  trans- 
verse and  oblique  secondary  trabecular  processes.  The  blood- vessels  of  the 
fa'tal  iuita  iirc  surrounded  with  a  gelatinous,  connective- tissue  structure,  and 
generally  are  covered  with  a  layer  of  nucleated  epithelium  (Winkler). 

The  mode  of  formation  of  the  vascular  s}«ices  in  the  placenta  has  been  a 
subject  of  much  discussion.  The  following,  however,  seems  to  be  the  most 
reasonable  view*  with  regard  to  this  question :  That  portion  of  the  ut4.*rine 
mucous  membrane  which  becomes  the  maternal  portion  of  the  placenta*  ex- 
tends from  the  decidua  st^rotina  and  surrounds  the  villi^  which  are  emljedded 
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in  its  substance.  As  the  arborescent  villi  extend,  they  encroach  upon  the 
blood-vessels  of  the  prolongations  from  the  serotina,  which  latter  become 
much  enlarged  and  finally  form  the  great  vascular  spaces  traversed  by  the 
trabeculsB  mentioned  above.  The  cells  of  the  serotina  form  a  layer  on  the 
walls  of  the  foetal  vessels,  and  the  gelatinous,  connective-tissue  coverings  of 
these  vessels  have  the  same  origin.  Thus  the  most  important  parts  of  the 
placenta  are  formed  by  an  interlacement  of  the  villi  of  the  chorion  with  the 
altered  structures  of  the  mucous  membrane  of  the  uterus. 

In  the  human  subject  the  maternal  and  foetal  portions  of  the  placenta  are 
so  closely  united  that  they  can  not  be  separated  from  each  other.  In  partu- 
rition the  curling  arteries  and  the  veins  on  the  uterine  surface  of  the  placenta 
are  torn  off,  and  the  placenta  then  consists  of  the  parts  just  described ;  the 
torn  ends  of  the  vessels  attached  to  the  uterus  are  closed  by  the  contractions 
of  the  surrounding  muscular  fibres ;  and  the  blood  wliich  is  discharged  is 
derived  mainly  from  the  placenta  itself. 

Uses  of  the  Placenta. — The  placenta  is  the  respiratory,  excretory  and 
nutritive  organ  of  the  foetus.  Its  action  as  a  respiratory  organ  lias  already 
been  mentioned  in  connection  with  the  physiology  of  respiration.  It  cer- 
tainly serves  as  an  organ  for  the  elimination  of  carbon  dioxide,  and  probably 
also  for  other  products  of  excretion.  It  is  the  only  source  of  materials  for 
the  development  and  nutrition  of  the  foetus.  It  is  thought  that  the  cells 
derived  from  the  serotina  elaborate  a  fluid  called  uterine  milk,  which  is  ab- 
sorbed by  the  foetal  tufts.  This  fluid  has  been  collected  from  between  the 
foetal  tufts  of  the  placenta  of  the  cow,  and  has  been  found  to  contain  fatty 
matter,  albuminous  matters  and  certain  salts,  but  no  sugar  or  caseiue  (Gam- 
gee).  It  is  not  certain,  however,  that  such  a  fluid  exists  in  the  human  pla- 
centa ;  although  "  uterine  milk  "  of  the  ruminants  was  mentioned  distinctly 
by  Haller,  and  was  alluded  to  by  even  earlier  writers. 

Development  of  the  Ovum. 

The  product  of  generation  retains  the  name  of  ovum  until  the  form  of 
the  body  begins  to  be  apparent,  when  it  is  called  the  embryon.  At  the 
fourth  month,  about  the  time  of  quickening,  it  is  called  the  foetus,  a  name 
which  it  retains  during  the  rest  of  intrauterine  life.  The  membranes  are 
appendages  developed  for  the  purposes  of  protection  and  nutrition ;  and  the 
embryon  itself,  in  the  mammalia,  is  developed  from  a  restricted  portion  of 
the  layers  of  cells  resulting  from  the  segmentation  of  the  vitellus. 

The  formation  of  the  blastodermic  cells  and  the  appearance  of  the  groove 
which  is  subsequently  developed  into  the  neural  canal  have  already  been  de- 
scribed. At  this  portion  of  the  ovum,  there  is  a  thickening  of  the  blastoderm, 
which  then  presents  three  layers,  the  mesoblast,  the  thickest  and  most  impor- 
tant, being  developed  from  the  opposite  surfaces  of  the  epiblast  and  the  hypo- 
blast The  earliest  stages  of  development  have  been  studied  almost  exclu- 
sively in  the  chick ;  and  it  is  probable  that  the  appearances  here  observed 
nearly  represent  the  earlier  processes  of  development  in  the  human  subject. 

Develoj)7nent  of  the  Cavities  and  Layers  of  the  Trunk,  in  the  Chick.— As 
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an  introduction  to  a  description  of  the  development  of  sjiecial  organs  in  th<> 
human  siibjeet  and  in  niamniak,  it  will  be  found  very  useful  to  study  the 
first  stages  of  development  in  the  chick,  which  will  give  an  idea  of  the  ar- 
ni^ngement  of  the  diUereot  bliistodermie  kyera  and  the  way  in  whieh  they 
are  developed  into  the  different  parts  of  the  trunk,  with  tlio  mode  of  forma- 
tion of  the  great  cavities.  The  figures  by  whieh  Uiis  desoription  h  illustrati^d 
are  those  of  Briieke,  which  were  photographed  on  womi  from  diagrams  made 
from  aetoal  preparations  hy  Sebotli*  Tliese  figures,  therefore,  ean  hardly  lie] 
eiklled  diagrammatic. 

Fig.  2dS  sliows  one  of  the  earliest  stages  of  development  in  the  chick.     In 
this  figure,  the  upper  layer  of  dark  cells  (B,  B)  represenlii  the  epiblasL     The 


lower  layer  of  dark  cells  (1>,  D)  represents  the  hypoblast.  The  middle  layer 
of  lighter  cells  is  the  mesoblast,  which,  toward  the  periphery,  is  split;  into  two 
layers.  This  figure  represents  a  transverse  section.  At  A,  is  a  transverse  | 
section  of  the  groove  which  is  subsequently  developed  into  the  canal  for  the 
gpiual  cord.  Beneath  this  groove,  is  a  section  of  a  rounded  cord  (PJ),  the 
chorthi  dorsidis.  The  openings  {<i,  (i)  represent  the  situation  of  the  two 
aortte.     The  other  cavities  are  as  yet  indistinct  in  this  figure. 

Fig.  299  shows  the  same  structures  at  a  more  advanced  stage  of  develop- 
ment.    The  dorsal,  or  vertebral  plates,  which  boond  the  furrow^  (A)  in  Fig. 
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2T>8,  are  closed  above,  and  include  (A)  the  neural  canal.  The  chorda  dorsatis 
(E)  is  Feparated  from  the  cells  surrounding  it  in  Fig.  298.  The  epiblast 
(B>  B)  and  the  hypohhist  (IK  D)  present  certain  curves  which  follow  the 
arningemeut  of  the  cells  of  the  mesoblast.  By  the  sides  of  the  boundaries 
of  the  neural  C4inal,  are  two  distinct  masses  of  cells  (C,  C),  which  are  devel- 
oped into  the  vertclme.  Out^^iile  of  these  masses  of  cells,  are  two  emaller 
collections  of  cells,  afterward  developed  into  the  Wnltliun  bodies.  Beneath 
those  two  masses,  are  two  large  canties  (0,  0),  the  largest  cavities  shown  in 
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Fig.  299,  presenting  an  irregirlar  form,  which  are  sections  of  the  two  primi- 

aartfe.    The  two  openings  {II,  H)  tifterward  become  the  pleuro-peritoneal 

itr. 

In  Fig.  300  the  parts  are  still  farther  developed.  The  nenml  eanal  is  | 
represented  (A)  nearly  the  same  as  in  Fig.  2^9,  with  the  chorda  dorealia  (E) 
jnst  beneath  it.  A  groove,  or  gutter  (D) 
has  been  formed  in  front,  which  is  tlie 
groove  of  the  intestinal  canal.  This 
remains  open  at  this  time  and  is  lined 
by  the  hypobljist.  Just  above  D,  is  a 
single  opening  {G)y  which  is  formed  by 
the  union  of  the  two  openings  (G,  G)  in 
FigfU  21)8  and  2*MJ;  and  Hua  in  the  ab- 
dominal aorta,  which  has  here  become 

single.  The  two  openings  (H,  H)  rep-  ^  UVBu^EVF'^J 
resent  a  section  of  the  pi  euro- peritoneal 
cavity.  The  outer  wall  of  this  cjivity  is 
the  outer  visceral  plate,  which  is  devel- 
oped into  the  muscular  walls  of  the  ab- 
domen. The  lower  and  inner  wall  is  t!xe  inner  visceral  plate,  which  forms 
the  main  portion  of  the  int^^stinal  wall.  The  outer  wall  is  the  outer  layer  of 
the  mesoblast,  and  the  inner  wall  is  the  inner  layer  of  the  8ame  membnine. 
The  two  round  oriiices  (I^  I)  are  sections  of  the  Wolffian  duets.  The  space 
{b,  b)  is  the  amniotic  cavity. 

The  figures  just  described,  it  must  be  borne  in  mind,  represent  tTansver»e 
sections  of  the  body  of  the  chick,  made  through  the  middle  portion  of  the 
abdomen.  The  posterior  parts,  it  is  s€^n,  are  developed  first,  tlic  situation  of 
the  vertebral  column  being  marked  soon  after  the  enclosure  of  the  netmd 
canal,  by  the  vertebral  plates;  and  at  about  the  same  time,  the  two  aortfe 
make  their  appcamnce,  with  the  first  traces  of  the  pleuro-|ieritoneal  cavity. 
The  next  organs  in  the  order  of  development,  after  the  vascular  system,  are 
the  Wolffian  bodies.  The  intestinal  canal  is  then  a  simple  groove,  and  the 
embryon  is  entirely  open  in  front.  In  the  farther  process  of  development, 
the  visceral  jdates  advance  and  close  over  the  abdonunal  cavity,  as  the 
medullary  plates  have  closed  over  the  neural  canal.  Thus  there  is  formed  a 
closed  tube,  the  intestine,  lined  by  the  hypoblast,  the  walls  of  the  intestine 
iK^ing  formed  of  the  inner  layer  of  the  mesobhist.  This  brings  the  external 
layer  of  the  mesobhist  around  the  intestine,  to  form  the  muscular  walls  of  the 
abdomen,  the  cavity  (Fig,  300,  H,  II)  being  the  peritoneal  cavity,  and  the 
external  covering  being  the  epibhist.  At  this  time  the  Wolffian  bodies  lie 
next  the  spinal  column,  between  the  intestine  and  the  alKioniinal  walls,  with 
the  single,  abdominal  iiorta  situated  behind  the  intestine. 

Development  of  the  Skeleton,  Mitscular.  System  and  Skin. 

Chorda  Dormlift. — One  of  the  earliest  structures  observed  in  the  develop- 
ing embryon  is  the  chorda  dorsal  is,  or  notochord.     This  is  situated  beneath 
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the  neiiml  caoal  and  extends  the  entire  length  of  the  body.  It  is  formed  of 
a  cord  of  simple  cells,  and  marks  the  situation  of  the  vertebral  column,  thongh 
it  is  not  itself  developed  into  the  vertehnp,  which  grow  around  It  and  encroach 
upon  its  substance  until  it  finally  disappears.  In  many  mammals  the  noto- 
chord  presents  a  slight  enlargement  at  the  cephalic  extremity,  which  extends 
to  the  auditory  vesicles  and  it  is  somewhat  dimioished  in  size  at  the  caudal  ex- 
tremity. By  the  sides  of  this  cord  are  masses  of  cells  which  unite  in  front 
of  the  neural  canal  and  eventually  are  developetl  into  the  vertebi-ae.  These  are 
a^  called    the    protovertebne   and    are 

Bbown  in  Fig.  303  {C,  in  A  and  B). 
Twelve  pairs  of  protovertebrie  are 
shown  in  Fig,  303,  C.  In  the  chick, 
two  pairs  are  first  formed  in  the  up- 
jjur  cervical  region,  on  the  second 
day.  They  rapidly  increase  in  num- 
ber, from  above  downward,  until  at 
the  fourth  day  there  are  twenty-one 
or  twenty-two  pairs.  They  are  not 
formed  in  the  region  of  the  head  or 
at  the  lowest  part  of  the  vertebral 
column.  The  vertebrae,  as  they  are 
developed,  are  formed  of  temporary 
cartilaginous  structure,  gnwlually  ex- 
tending around  tbe  chorda  dorsalii, 
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Fio,  Wl.—Thf  ftnt  Hx  ci^t^cal  tm'tehrap  of  tht  en%- 
brypifi  of  a  rabbit  oii<'  inch  in  length  (RobJu). 

ft,  ft,  oepbiJic  portion  of  the  notochonl,  *»3rip<T«*^i  by 
the  removiLl  of  th«*  t?&rHljM?<^ ;  Ik  port  ii  hi  of  tli« 
ebopda  dorwiJIic  sliKhtly  eDlfirKi*d,  nhk-b. in  rhU 
einbiTon,  utom  AltuAl«a  bt^twefti  the  atluM  and 
the  oodpltnl  born?  :  e,  odontoid  proct'sw  ;  d, 
bMM>  of  Uie  odontoid  pro<*ess  ;  e ,  Inferior,  or 
SBcemd  part  of  the  iH^tv  of  the  axIh  :  /.  Jt,  «*n- 
Umvnents  of  th**  ♦■hordft  dorwilK  lx»tww»n  the 
▼ertebTB! :  p,  cartllaKv  i>f  the  lateral  portion  of 
the  MtiAM :  ft.  Uit<»rai  portion  of  the  axis ;  U  *\ 
tnU!Uivem«i  apophyiies  of  vertebne. 


Fio,  ViSL—Buman  gtnbrjfon,  about  one  nwntk  ntA, 
iihotting  thr  hn-tja-'  .<izr  >»/  fhr  htuul  tmti  mp- 
ftrr  prfj  '  ,,f  the 

tviunl  ri  of 

the  Uftj  '  rndi' 

mt^itary  tatl  at  the  end  of  tiie  ApuuxL  tolmmn 


which  then  occupies  the  axia  of  the  spinal  column.  These  cartilages  are  not 
divided  at  the  lines  of  separation  of  the  protovertebne,  hnt  the  protovertebne 
fuse  together  and  the  cartilages  which  are  to  be  developed  into  tlie  bodies  of 
the  vertebi'i^  are  so  divided  off,  that  one  cartilage  occupies  the  place  of  the 
adjacent  halves  of  two  pYoto vertebras*  Between  the  bodies  of  the  vertt^br®, 
the  chorda  dorsidis  presents  regular  enlargements  surrounde*!  by  a  delicate 
membraue.     As  ossification  of  the  spinal  column  advances,  that  portion  of 
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the  chorda  dorsalis  which  is  surrounded  by  the  bodies  of  the  vertebrae  disap- 
pears, leaving  the  enlargements  between  the  vertebrae  distinct  .  These  en- 
largements, which  are  not  permanent,  are  gradually  invaded  by  fibrous  tis- 
sue, their  gelatinous  contents  disappear,  and  the  intervertebral  disks,  com- 
posed of  fibro-cartilaginous  structure,  remain.  These  disks  are  permanent 
between  the  cervical,  the  dorsal  and  the  lumbar  vertebrae ;  but  they  eventu- 
ally disappear  from  between  the  different  parts  of  the  sacrum  and  coccyx,  as 
these  are  consolidated,  this  occurring,  in  the  human  subject,  between  the 
ninth  and  the  twelfth  years. 

Vertebral  Column^  etc, — In  Figs.  299  and  300  (C,  C),  are  seen  the  two 
masses  of  cells  (protovertebrae)  situated  by  the  sides  of  the  neural  canal,  which 
are  destined  to  be  developed  into  the  vertebrae.  These  cells  extend  around 
and  encroach  upon  the  chorda  dorsalis,  and  form  the  bodies  of  the  vertebrae. 
They  also  extend  over  the  neural  canal,  closing  above,  and  their  processes  are 
called  the  medullary,  or  dorsal  plates.  Sometimes  the  dorsal  plates  fail  to 
close  at  a  certain  point  in  the  spinal  column,  and  this  constitutes  the  mal-  ' 
formation  known  as  spina  bifida.  From  the  sides  of  the  bodies  of  the  verte- 
brae, the  various  processes  of  these  bones  are  formed.  As  the  spinal  column 
is  developed,  its  lower  portion  presents  a  projection  beyond  the  pelvis,  which 
constitutes  a  tempoiury  caudal  appendage,  curved  toward  the  abdomen ;  but 
this  no  longer  projects  after  the  bones  of  the  pelvis  are  fully  developed.  At 
the  same  time  the  entire  vertebral  column  is  curved  toward  the  abdomen, 
and  it  is  twisted  upon  its  axis,  from  left  to  right,  so  that  the  anterior  face  of 
the  pelvis  presents  a  right  angle  to  the  upper  part  of  the  body ;  but  as  the 
inferior  extremities  and  the  pelvis  are  developed,  the  spine  becomes  straight. 
The  vertebrae  make  their  appearance  first  in  the  middle  of  the  dorsal  region, 
from  which  point  they  rapidly  extend  upward  and  downward,  until  the  spinal 
column  is  complete. 

At  the  base  of  the  skull,  on  either  side  of  the  superior  prolongation  of  the 
chorda  dorsalis,  are  two  cartilaginous  processes,  which  are  developed  into  the 
so-called  cranial  vertebrae.  In  this  cartilaginous  mass,  three  ossific  points 
appear,  one  behind  the  other.  The  posterior  point  of  ossification  is  for  the 
basilar  portion  of  the  occipital  bone,  which  is  developed  in  the  same  way  as 
one  of  the  vertebrae ;  the  middle  point  is  for  the  posterior  portion  of  the 
sphenoid ;  and  the  anterior  point  is  for  the  anterior  portion  of  the  sphenoid. 
The  frontal  bone,  the  parietal  bone,  the  temporal  bone  and  a  portion  of  the 
occipital  bone  are  developed  from  the  connective  tissue,  without  the  inter- 
vention of  pre-existing  cartilaginous  structure.  At  the  time  when  the  verte- 
brae are  developed,  with  their  laminae  and  their  spinous  and  transverse  pro- 
cesses, the  ribs  extend  over  the  thorax,  and  the  clavicle,  scapula  and  sternum 
make  their  appearance. 

At  about  the  beginning  of  the  second  month,  four  papillary  prominences, 
which  are  the  first  traces  of  the  arms  and  legs,  appear  on  the  body  of  the 
embryon.  These  progressively  increase  in  length,  the  arms  appearing  near 
the  middle  of  the  embryon,  and  the  legs,  at  the  lower  portion.  Each  extrem- 
ity is  divided  into  three  portions,  the  arm,  forearm  and  hand,  for  the  upper 
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extremities,  and  the  thigh,  leg  and  foot,  for  the  lower  extremities.     At  the 
end  of  each  extremity,  there  are,  fiimlly,  divisions  into  the  fingers  and  toes,. 
with  the  rariuiis  cartilages  and  bones  of  M  of  these  parts,  and  their  articular  ^ 
tions* 

Very  early  in  intraut^^rine  life  the  skeleton  begins  to  ossify,  from  little 
bony  points  whii^l*  appear  in  the  eartilaginoiis  striietnre.  The  first  points 
appear  at  nearly  the  same  time — abont  the  beginning  of  the  seeond  month — 
in  the  clavicle  and  the  npper  and  the  lower  jaw.  Similar  ossific  pointg^ 
which  gradually  extend,  are  also  seen  in  other  part*!,  the  head,  ribs,  pelvic, 
scapula,  metaoiirpus  and  metatarsus,  and  the  phalanges  of  the  fingers  and 
toes*  At  birth  the  carpus  is  entirely  cartilaginous,  and  it  does  not  begin  to 
ossify  until  the  second  year.  The  same  is  true  of  the  tarsus,  except  the 
cahmneom  and  astragahis,  which  ossify  just  before  birth.  The  pisiform 
bone  of  the  carpus  is  the  last  to  take  on  osseous  transformation,  this  occur- 
ring between  the  twelfth  and  the  fifteenth  years.  As  ossification  progreesea^  j 
the  deposits  in  the  various  ossific  points  gmdually  extenii  until  they  reach 
the  joints,  which  remain  incrusted  with  the  permanent,  articular  cartilage. 

While  the  skeleton  is  thus  developing,  the  muscles  are  formed  from  the 
outer  layer  of  the  mesoblast,  and  the  visceral  plates  close  over  the  thorax 
and  abdomen  in  front,  leaving  an  opening  for  the  umbilical  cord.  The  van* ' 
OU8  tissues  of  the  external  partes,  particularly  the  muscles,  begin  to  be  distinct 
at  the  end  of  the  second  month.  The  deep  layers  of  the  dorsal  muscles  are 
the  first  to  be  distinguished  ;  then  successively,  the  long  muscles  of  the  neck, 
the  anterior  st might  muscles  of  the  head,  the  straight  and  transverse  mus- 
cles of  the  abdomen,  the  muscles  of  the  extremities,  the  superficiid  muscles 
of  the  back,  the  oblique  muscles  of  the  abdomen  and  the  muscles  of  the  face. 

The  skin  appears  at  about  the  l>eg!nning  of  the  second  month,  when  it 
is  very  delicate  and  transparent.  At  the  end  of  the  second  mouth  the  epi- 
dermis may  be  distinguished.  The  sebaceous  follicles  are  develoj>ed  at  the 
thini  month ;  and  at  about  the  fifth  month  the  surface  is  covered  with  their 
secretion  mixed  with  desquamate*!  epithelium*  This  cheesy  substance  con- 
stitutes the  veniix  ciiseosa.  At  the  thini  month  the  nails  make  their  appear^ 
ance,  and  the  hairs  begin  to  grow  at  abont  the  fifth  month.  The  sudoripar 
rons  glands  first  appear  at  about  the  fifth  month,  by  the  formation  of  flask-  ^ 
like  processes  of  the  true  skin,  which  are  gradually  elongated  and  convoluted, 
until  they  are  fully  developed  only  a  short  time  before  birth* 

Developmext  of  the  Nervous  System. 

It  has  been  seen,  in  studying  the  development  of  the  spinal  column,  how 
the  dorsid,  or  medullary  plates  clo8«  over  the  groove  for  the  neural  canaL  • 
In  the  interior  of  this  canal,  the  eerebro-spinal  axis  is  developed,  by  oelta  j 
which  grailually  encroach  upon  its  cjdiber,  until  there  remains  only  the  small, 
central  canal  of  the  spinal  cord,  communicating  with  the  ventricles  of  the 
brain.  As  the  nervous  tissue  is  developed  in  the  interior  of  the  neural  canal, 
there  is  a  separation  of  the  histological  elements  at  the  surface,  to  form  the 
membranes.     The  dura  mater  and  the  pia  mater  are  formed  first,  appearing 
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at  about  the  end  of  the  second  month,  while  the  arachuoiil  is  not  distinct 
until  the  fifth  month.  The  nerves  aro  not  produced  as  proloogutions  from 
the  cord  into  the  various  tissues  nor  do  they  extend  from  the  tissues  to  the 
cord,  but  they  are  developed  in  each  tissue  by  a  separatiou  of  bistologit^iil 
elements  from  t!ie  cells  of  which  the  parts  are  originally  cMjnstituted.  Tho 
nerves  of  the  sympathetic  system  are  developed  in  the  same  way* 

The  mode  of  development  of  the  spinal  cord  is  thus  sufficiently  simple; 
but  with  the  growth  of  the  emhryon  dilatations  are  observed  at  the  superior 
and  at  the  inferior  extremities  of  the  neural  conaL  The  cord  is  nearly  uni- 
form in  size  in  the  dorsal  region,  marked  only  by  the  regular  enlargements 
at  the  sites  of  origin  of  the  spinal  nerves ;  but  there  soon  appears  an  ovoid 
dilatation  below,  which  forms  the  lumbar  enlargement,  from  which  tlie  nerves 
are  given  off  to  the  inferior  extremities,  and  the  brachial  eidiirgement  above, 
where  the  nerves  of  the  superior  extremities  tiike  their  origin.  At  the  same 
time  there  is  a  more  marked  dilatation  of  the  canal  at  its  cephalic  extremity. 
Here  a  single  enlargement  appears,  wdxich  is  soon  divided  into  three  vesiclos, 
called  the  anterior,  middle  and  posterior  cerebral  vesicles.  These  become 
more  and  more  distinct  as  development  advances,  l^he  formation  of  these 
parts  ifl  shown  in  Fig.  303.  This  tigure,  in  C,  shows  the  projections,  on  either 
side,  of  the  vesicles  which  are 
eventually  developed  {o.  Fig. 
303,  C)  into  the  nervous  por* 
tions  of  the  organ  of  vigion. 

The  three  cerebral  vesicles 
now  undergo  farther  changes. 
The  superior,  or  the  first  prim- 
itive vesicle,  is  soon  divided 
into  two  secondary  vesicles,  the 
anterior  of  which  becomes  the 
cerebral  hemispheres,  and  the 
posterior,  the  optic  thalami, 
which  are  eventually  covered 
by  the  greater  relative  develop- 
ment of  the  hemispheres.  The 
middle,  or  second  primitive 
vesicle,  does  not  undergo  divi^ 
ion  and  is  developed  into  the 
tubercula  quadrigemina.  The 
posterior,  or  third  primitive  vesicle,  is  dividetJ  into  two  secondary  vesicles, 
the  anterior  of  which  becomes  the  cerebellum,  and  the  posterior,  which  is 
coveretl  by  the  anterior,  the  medulla  oblongata  and  the  pons  Varolii.  While 
this  division  of  the  primitive  cerebral  vesicles  is  going  on,  the  entire  chain 
of  encephalic  ganglia  becomes  curved  from  behind  forwani,  forming  three 
prominent  angles.  The  first  of  these  angles  or  prominences  (p,  Fig,  304, 
A,  B,  C),  counting  from  before  backward,  is  formed  by  a  projection  of  the 
tubercula  quadrigemina,  which  at  this  time  constitute  the  most  projecting 


Fio,  wa,  —Dewlopment  of  the  nervout  &]f9tem  of  the  chick 
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four  hours  &tu^r  incubation  :  B,  the  name,  thirty -fdz  houm 
aft>T :  C,  tht*  same,  at  a  more  advanced  dtawre,    r.  the 
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portion  of  the  encephalic  mass ;  the  second  prominence  (r.  Fig.  304),  situated 
beliind  thu  tubercuhi  quadrigemina^  is  formed  by  the  projection  of  the  cere- 
bellum ;  the  third  (r/,  Fig.  304,  A,  B,  C),  is  the  bend  of  the  superior  portion 
of  the  spinal  cord.  These  projections  and  the  early  formation  of  certain 
partes  of  the  eiicephaloii  in  the  human  subject  are  illustrated  in  Fig,  304. 

The  cerebrum  is  developed  from  the  anterior  division  of  the  first  primitive 
cerebral  vesicle,  Tlie  development  of  this  part  is  more  rapid  in  its  lateral 
portions  thau  in  the  median  line,  which  divides  the  cerebrum  imperfectly 
into  two  lateral  halves,  forming  in  this  way  the  great  longitudinal  fissure.   At 

the  same  time,  by  the  rapid 
development  of  the  posterior 
portion,  it  extends  over  the 
optic  thalami,  the  corjK)ra 
fpiadrigemina  and  the  cere- 
belltun.  Until  the  end  of  the 
fourth  month,  the  hemi* 
spliere,^  are  smooth  on  their 
surface ;  but  they  tlien  begin 
to  present  large  depressions, 

B,  the  Monif*.  from  an  cmbrvon  further  ftdvanced  Id  develop-    #11      ^-    „  ^   1  i„  ^#  *i.^  ^;  ,  _— « 
ment;  b,  BpiniU  cord;  d\  t-iitarfft^rnetit  of  rhe  spinal  twrd,    lOllOWing  lOlllS  Ol  me  plA  ma- 
ter, will  eh    are  the  first  con- 
volutions,   these     increasing 

t-nlarircrnent  of  the  «pjtiJil  crtrJ,  with  it^    rwr^irllv  in    Tiiimhi>r   and    r»nm- 
Anterior  curvature  :  r,  wrt-Mlum  ;  <•,   tiib^>rt'ulft  qiiadri-    rapituy  HI   numr>er  ana   COm- 

ISriidV  ^^  ^^^'^**'''*^  hemiKphert^.* ;  o,  optic  iierv«  of  the   pi^xity,    capeciallv   aft^r   the 

C  thF  fiaiut*  part*  in  a  vertical  section  in  the  median  llrn^.  from  c*iv*iii t  h  mrin  ill        Th^  spntiim 

befc^re  biickwanl  :  h,  luemhrane  of  the  spinal  eord,  turned  t^*?>  *^"T.'l  mouin.       1  nc  sepium 

backwarti :  rf,  sectmd  curvature  of  the  iipp<*r  pfortion  of  hif'idnni  i^t  thpn  foriTTiHi    hv  an 

the  spiDttI  coivl,  whieh  has  beeonie  thickened  nmi  e-insLi.  "^^  iUUIU  Ui  lilUU  itjiuicni,  uy  mi 

Uitesi  the  peiluuele!*  of  iJie  cerebrum  ;  e,  tubercula  qoadri-  Al(>vation     of    nervous     matter 

g*?miiia;>,  o|>UcUiayfcml.  covered  bj  the  heQiispher««.  ti'^>J*uou    01    ueii-uuH    man^r 

from  the  base,  which  divides 
the  lower  portion  of  the  space  left  between  tlie  hemisphereis  as  they  ascend, 
and  forms  the  two  lateral  ventricles.  At  the  base  of  these,  are  develop<*d 
the  corjiora  striata.  The  septum  lueidum  i^  formed  of  two  laminae,  with  a 
Bmall  spitce  between  them,  which  is  the  cavity  of  the  fifth  ventricle.  The 
posterior  division  of  this  first  primitive  vesicle  forms*  the  optic  thalami. 
These  become  separated  in  front  into  two  lateral  halves,  but  they  remain 
conuecteti  together  at  their  posterior  portion,  which  becomes  the  posterior 
commissure.  The  centra!  canal  of  the  cord  is  jn'olonged  upward  between 
the  optic  thalami,  and  forms  tlie  ihii'd  ventricle,  w*hich  IB  covered  by  the 
hemispheres. 

The  second,  or  middle  cerebral  vesicle,  becomes  filled  with  medullaiy^ 
substance,  extends  upward  and  forms  the  peduncles  of  the  cerebrum,  the 
upper  portion  being  divided  to  form  the  tuberenla  f|uadrigemina. 

The  anterior  portior^  of  the  third  primitive  vesicle  is  developed  into  the 
cerebellum,  the  convolutions  of  which  ajjpear  at  about  the  fifth  month.  It^ 
pcmtorior  portion  forms  the  medulla  oblongata,  in  the  substance  of  which  is 
the  fourth  ventricle,  communicating  with  the  thinl  ventricle,  by  the  aque- 
duct of  Sylvius,  which  is  left  in  the  development  of  the  middle  vesicle.     At 
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about  the  fourth  month  there  is  a  deposition  of  nervous  matter  in  front  and 
above,  forming  the  pons  Varolii. 

In  Fig.  304  (C,  o),  it  is  seen  that  the  vesicles  for  the  organs  of  vision 
appear  very  early,  as  lateral  offshoots  of  the  anterior  cerebral  vesicle.  These 
gradually  increase  in  size  and  advance  anteriorly,  as  development  of  the  other 
parts  progresses.  The  eyes  are  situated  at  first  at  the  sides  of  the  head,  grad- 
ually approaching  the  anterior  portion.  At  the  extremity  of  each  of  these 
lateral  prolongations,  a  rounded  mass  appears,  which  becomes  the  globe  of  the 
eye.  The  superficial  portions  of  the  globe  are  developed  into  the  sclerotic 
and  the  cornea,  which  seem  to  be  formed  of  a  process  from  the  dura  mater. 
The  pedicle  attached  to  the  globe  becomes  the  optic  nerve.  The  iris  is  de- 
veloped at  about  the  seventh  week,  and  is  at  first  a  simple  membrane,  with- 
out any  central  opening.  As  the  pupil  appears,  it  is  closed  by  a  vascular 
membrane — ^which  probably  belongs  to  the  capsule  of  the  crystalline  lens — 
called  the  pupillary  membrane.  This  membrane  gradually  disappears,  by 
an  atrophy  extending  from  the  centre  to  the  periphery.  It  attains  its  max- 
imum of  development  at  the  sixth  month  and  disappears  at  the  seventh 
month.  The  vitreous  humor  is  formed  of  the  fluid  contents  of  the  optic 
vesicle.  The  crystalline  lens  is  regarded  as  a  product  of  the  epiblast  At 
the  tenth  week  there  is  the  beginning  of  the  formation  of 'the  eyelids. 
These  meet  at  about  the  fourth  month  and  adhere  together  by  their  edges. 
In  many  mammals  the  eyelids  remain  closed  for  a  few  days  after  birth; 
but  they  become  separated  in  the  human  subject  in  the  later  periods  of  foetal 
life. 

It  is  probable  that  the  vesicle  which  becomes  developed  into  the  internal 
ear  is  formed  independently;  at  least  cases  have  been  observed  in  which 
there  was  congenital  absence  of  the  auditory  nerves,  the  parts  of  the  internal 
ear  being  perfect.  Soon  after  the  formation  of  tlie  auditory  vesicle,  however, 
it  communicates  with  the  third  primitive  cerebral  vesicle,  the  filament  of 
communication  being  developed  into  the  auditory  nerve. 

The  auditory  vesicle,  which  appears  later  than  the  organ  of  vision,  is 
eventually  developed  into  the  vestibule.  The  next  formations  are  the  arches, 
or  diverticula,  which  constitute  the  semicircular  canals.  The  membranous 
labyrinth  appears  long  before  the  osseous  labyrinth ;  and  it  has  been  found 
perfectly  developed  at  three  months.  The  bones  of  the  middle  ear,  which 
have  no  connection,  in  their  development,  with  the  nervous  system,  but  which 
it  is  convenient  to  mention  here,  are  remarkable  for  their  early  appearance. 
They  appear  at  the  beginning  of  the  third  month  and  are  as  large  in  the 
foetus  at  term  as  in  the  adult  A  remarkable  anatomical  point  with  relation 
to  these  structures  is  the  existence  of  a  cartilage,  attached  to  the  malleus  on 
either  side  and  extending  from  this  bone  along  the  inner  surface  of  the  lower 
jaw,  the  two  cartilages  meeting  and  uniting  in  the  median  line,  to  form  a 
single  cord.  "  This  cartilage  now  ossifies,  although,  in  the  commencement,  it 
forms  most  of  the  mass  of  the  bone ;  it  disappears  at  the  eighth  month  " 
(Meckel).     This  structure  is  known  as  the  cartilage  of  Meckel. 

There  are  no  special  points  for  description  in  the  development  of  the 
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eUbxkmy  lobea,  which  is  very  simple.  Theae  arc  offshoots  from  the 
cerebral  vehicle,  appearing  at  the  inferior  and  anterior  part  of  the  eerebral 
heniisphereg,  a  little  later  than  the  parta  connected  with  vision  and  auditiotL 
The  vehicles  themselves  become  filled  with  ganglionii.^  matter  and  constitute 
the  olfactory  bulbs,  their  pedicles  being  the  so-called  olfactory  nerves,  or 
ol  f liC  to  r y  com  ni  i  ss  nr L*d. 


As  far  as  the  action  of  the  nervous  syattnn  of  the  fa^tns  is  concerned,  it 
is  probable  that  it  ia  restricted  mainly  to  reflex  phenomena  depending 
upon  the  spinal  cord,  and  that  perception  and  volition  hartlly  exist.  It  is 
probable  that  many  reflex  movements  take  place  in  ntero.  When  a  fcptne  ig 
removed  from  the  uterus  of  an  animal,  even  during  the  early  months  of 
pregnancy^  movements  of  respiration  occur ;  and  it  is  well  known  that  efforts 
of  reiipinition  sometimes  take  place  within  the  uterus.  These  are  due  to  the 
want  of  oxygen-carrying  blood  in  the  medulla  oblongata  when  the  placental 
circulation  ia  interrupted. 

Development  of  the  Digestive  Apparatus. 

The  intestinal  canal  is  the  first  formation  of  the  digestive  system.  This 
ia  at  first  open  in  the  greatest  part  of  its  extent,  presenting^  at  either  extrem* 
ity  of  the  longitudinal  gutter,  in  front  of  the  spinal  column,  a  rounded,  blind 
extremity,  which  is  closed  over  in  front  for  a  short  distance.  The  closure  of 
the  visceral  plates  then  extends  laterally  and  from  the  two  extremities  of  the 
intestine,  until  oidy  the  opening  remains  for  the 
passage  of  the  umbilic^il  cord  and  the  pe<licle  of  the 
umbilical  vesicle*  There  is  at  first  an  open  com- 
munication between  the  lower  part  of  the  intestinal 
tube  and  the  allantois,  which  forms  the  canal  known 
as  the  urachus;  but  that  portion  of  this  communi- 
cation which  remains  enclosed  in  the  abdominal 
cavity  becomes  separated  from  the  nrachus,  is  di- 
lated and  eventually  forms  the  urinary  bladder. 
When  the  bladder  is  first  shut  off,  it  communi<^te« 
with  the  lower  portion  of  t!ie  intestine,  which  is^ 
called  the  cloac4i;  but  it  finally  loses  this  connec- 
tion and  presents  a  special  opening,  the  urethra. 

As  development  advances,  the  intestine  gro? 
rapidly  in  length  and  becomes  convoluted.  It  is 
held  loosely  to  the  spinal  column  by  the  mesentery* 
a  fold  of  the  peritoneum,  this  membrane  being  reflected  along  the  walls  of 
the  abdominal  ca\ity.  In  the  early  stages  of  development,  a  portion  of  the 
intestine  protrudes  at  the  umbilicus,  where  the  first  intestinal  convolution 
appears;  and  Bometimes  there  is  a  congenitid  hernia  of  this  kind  at  birth, 
which  usually  disappears  under  the  influence  of  gentle  and  continued  press- 
ure. An  illustration  of  this  is  given  in  Fig.  305.  This  protrusion,  in  the 
normal  process  of  development,  is  gra^iually  returned  into  the  abdomen,  ad 


loop  of  inUstine^  formina 
an  umbilical  hernia  (Dftt 
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the  cavity  of  the  pedicle  of  the  umbilical  vesicle  is  obliterated,  at  about  the 
tenth  week. 

At  the  upper  part  of  the  abdominal  cavity  the  alimentary  canal  presents 
two  lateral  projections,  or  pouches.  The  one  on  the  left  side,  as  it  increases 
in  size,  becomes  the  greater  pouch  of  the  etomach,  and  the  one  on  the  right 
side,  the  leader  pouch. 

At  a  short  distance  below  the  attachment  of  the  pedicle  of  the  umbilical 
vesicle  to  the  intestine,  there  appears  a  rounded  di verticil lom,  which  is 
eventually  developed  into  the  cgecunu  The  cft'cum  gradual ty  recedes  from 
the  neighborhood  of  the  umbilicus,  which  is  it.s  original  situation,  and  finally 
becomes  fixed,  by  a  shortening  of  the  mesentery,  in  the  right  iliac  region. 
As  the  cfficum  is  deveIof>ed  it  presents  a  conical  appendage,  which  is  at  tirst 
as  large  as  the  small  intestiue  and  is  relatively  longer  than  in  the  adult. 
During  the  fourth  week  this  appendage  becomes  relatively  smaller  aud  more 
er  leas  twisted,  forming  the  appendix  vermiformis.  At  the  second  month 
the  esBCum  is  at  the  umbilicus,  aud  the  large  intestine  extends  in  a  straight 
line  toward  the  anus;  at  the  third  niontii  it  is  situated  at  about  the  middle 
of  the  abdomen ;  and  it  gradually  descends,  until  it  reaches  the  right  iliac 
region  at  about  the  seventh  month.  Thus  at  the  second  mouth,  there  is 
only  a  descending  colon  ;  the  transverse  colon  is  formed  ut  the  third  month; 
and  the  ascending  colon,  at  the  fifth  month.  The  ileo-cffic^l  valve  appears 
at  the  third  month ;  the  rectum,  at  the  fourth  month ;  and  the  sigmoid  flex- 
ure of  the  colon,  at  the  fifth  month.  During  this  time  the  large  intestine  in- 
crease's more  rapidly  in  diameter  than  the  snmll  intestine,  while  the  latter 
develops  more  rapidly  in  its  length. 

In  the  early  stages  of  development  the  internal  surface  of  the  intestines  is 
smooth ;  but  villi  appear  upon  its  mucous  membrane  during  the  latter  half 
of  intraiiterine  existence.  These  are  found  at  Jirst  both  in  the  large  and 
the  small  intestine.  At  the  fourth  month  they  become  shorter  and  less 
abundant  in  the  large  intestine,  and  they  are  lost  at  about  the  eighth  month, 
when  the  projections  which  bound  the  sacculi  of  this  portion  of  tbe  intes- 
tinal canal  make  their  appearance.  The  valvulae  conniventes  appear,  in  the 
form  of  slightly  elevated,  transverse  folds,  in  the  upper  portion  of  the  small 
intestine.     The  villi  of  the  small  intestine  are  permanent. 

The  mesentery  is  first  formed  of  two  perpendicular  folds,  attached  to  the 
sides  of  the  spina!  column.  As  the  intestine  undergoes  development  a  por- 
tion of  the  peritoneal  membrane  extends  in  a  r|uadruple  fold  from  the  sfeom- 
ftch  to  the  colon,  to  form  the  great  omentum,  which  covers  the  small  intes- 
tine in  front. 

As  tfie  head  undergoes  development  a  large  cavity  appears,  which  is 
eventually  bounded  by  the  arches  that  are  destined  to  form  the  different 
parts  of  the  face.  This  is  the  phurynx.  It  is  entirely  indcpeTitlent,  in  its 
formation,  of  the  intestinal  canal,  the  latter  terminating  in  a  blind  extremity, 
at  the  stomach  ;  and  between  the  pharynx  atul  the  stomach  there  is  at  iirst 
no  channel  of  communication.  The  anterior  prjrtion  of  the  pharynx  pre- 
sents, during  the  sixth  week,  a  large  opening,  which  is  afterward  partially 
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closed  in  the  formation  of  the  face.  The  rest  of  this  cavity  remains  closed 
until  a  eommunieatioii  is  effect-ed  with  the  oesophagus.  The  cesophaguA 
appears  in  the  form  of  a  tube,  which  diiullv  opens  into  the  pharynx  above  ' 
and  into  the  stomac^h  below.  At  this  time  there  is  reaHy  no  tboraoie  carity, 
the  upper  part  of  the  stomach  is  very  near  the  pharynx,  the  cesopbagiis  ia 
sliort,  the  rudimentary  lungs  appear  by  its  sides  and  the  heart  lies  just  in 
front.  As  the  thorax  is  developed,  however,  the  tesophagus  becomes  longer^ 
the  lungs  increase  in  size,  and  finally  the  diapbmgm  shnt^  of!  its  cavity  from 
the  canity  ol  the  abdomen.  The  growth  of  the  diaphragm  is  from  it^  pe- 
riphery to  the  central  portion,  which  latter  gives  pjussage  to  the  vessels  and 
the  cesophagos*  When  this  closure  is  incomplete  there  is  the  malformation 
known  as  congenital  diaphragmatic  hernia. 

The  development  ol  the  anus  is  very  simple.  At  first  the  intestine  ter- 
minates behjw  in  a  blind  extremity  ;  but  at  about  the  seventh  week  a  longi- 
tudinal slit  appears  below  the  external  organs  of  generation,  by  which  the 
rectum  opens.  This  is  the  anus.  It  is  not  very  unusual  to  observe  an  arrest 
in  the  development  of  this  opening,  the  intestine  terminating  in  a  blind  ex- 
tremity,  a  short  distance  beneath  the  integument.  This  constitutes  the  mal- 
formation known  as  imperforate  anus,  a  deformity  which  usually  can  he 
relieved,  without  much  difficulty,  by  a  surgiciil  openition,  if  the  distance  be- 
tween the  rectum  and  the  skin  be  not  too  gre^t  The  opening  of  the  anus 
appears  about  a  week  after  the  opening  of  the  mouth,  at  or  about  the  seventh 
week. 

The  rudiments  of  the  liver  ap]iear  very  early,  and,  indeed,  at  the  end  of 
the  first  month  this  organ  has  attained  a  large  size.  Two  projections^  or 
buds,  appear  on  either  side  of  the  intestine,  wliich  form  the  two  principiU 
lobes  of  the  liver.  This  orgim  is  at  first  symmetrical,  the  two  lobe^  being  of  i 
nearly  the  same  size,  with  a  meilian  fissure.  One  of  these  prolongations 
from  the  intestine  becomes  perforated  and  forms  the  excretory  duct,  of  which 
tlie  gall-bhidder,  with  it^;^  duct,  is  an  appendage.  During  the  early  part  nf 
fcBtal  life  tlie  liver  occupies  the  greatest  part  of  the  ab<lominid  cavity*  Ita 
weight,  in  proportion  to  the  weight  of  the  body  at  different  ages,  is  as  fol- 
lows :  At  the  end  of  the  first  month,  1  to  3 ;  at  term,  1  to  18  ;  in  the  adult, 
1  to  30  (Burdach).  It**  structure  is  very  mitt  during  the  first  months.  Ai 
development  luivances  and  as  the  relative  size  of  the  liver  gradually  dimin- 
ishes, its  tissue  hecomes  more  solid. 

The  pancreas  appears  at  the  left  side  of  the  duodenum,  by  the  formation 
of  two  ducts  leading  from  the  intestine,  which  branch  and  develop  glandu- 
lar structure  at  their  extremities.  The  spleen  is  ilevehiped,  about  the  same 
time,  at  the  greater  curvature  of  the  stomach,  and  becomes  distinct  during 
the  second  month. 

There  is  no  reason  to  believe  that  any  of  the  digestive  fluids  are  secreted 
during  intrauterine  life.  At  birth  the  intestine  contains  a  peculiar  sub- 
stance, called  meconium,  whirh  will  be  descrilied  farther  on.  Oholesterine, 
an  important  constituent  of  the  bile,  is  found  in  large  quantity  in  the  me- 
conium. 
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im,— Formation  of  th€  bronthial  ramifications 
and  of  the  pidmonarv  eella.—A,  B,  devrloijmmt  of 
the  lunotf,  after  Rathke  ,*  C»  A  hiittAttgicnt  develop- 
i»i«ne  0/  the  iung*^  after  J.  MiUUr  Hjjagetl 


Development  of  the  Respiuatouy  System. 

On  the  anterior  surface  of  the  membranous  tube  which  becomes  the 
oesophagus,  an  elevation  appears^  which  soon  presents  an  opening  into  the 
<B8ophaguSt  the  projection  forming  at  this  time  a  single,  hollow  cul'dc-aar. 
This  opening  becomes  the  riiim  ^^lottidia,  and  tlie  single  tube  with  which  it 
is  connected  is  developed  into  the  trachea.  At  the  lower  extremity  of  this 
tube,  a  bifurcation  appears,  termi- 
nating (Irst  in  one  and  afterward 
in  several  cuiH-de-saiu  The  bi- 
furcated tube  constitutes,  after 
the  lungs  are  developed,  the  prim- 
itive bronchia,  at  the  extremities 
of  which  are  the  branches  of  the 
bronchial  tree.  Ah  the  bronchia 
bran  eh  and  subdivide,  they  extend 
downward  into  what  becomcis 
eventually  the  cavity  of  the  tho- 
rax.    The  pulmonary  vesicles  are 

developed  before  the  trachea  (Burdacb),  The  lungs  contain  no  air  at  any 
period  of  intraiiterine  life  and  receive  but  a  small  quantity  of  blood ;  but 
at  birth  they  become  distended  with  air,  are  increased  thereby  in  volume  and 
receive  all  the  blood  from  the  right  ventricle.  This  prtx^ess  of  development 
is  illustrated  in  Fig.  306.  The  lungs  appear,  in  the  human  embryon,  during 
the  sixth  week.  The  two  portions  into  which  the  original  bud  is  bifurcated 
constitute  the  true  pulmonary  structure,  and  the  formation  of  the  tmchea 
and  bronchial  tubes  occurs  afterward  and  is  secondary. 

Development  op  the  Face. 

The  anterior  portion  of  the  embryon  remains  open  in  front  long  after  the 
medullary  plates  have  met  at  the  back  and  enclosed  the  neural  canal.  The 
common  cavity  of  the  thorax  and  abdomen  is  closed  by  the  growth  of  the 
visceral  plates^  wbicli  meet  in  front.  At  the  time  that  the  visceral  plates  are 
closing  over  the  thorax  and  abdomen,  four  distinct,  tongue-like  projections 
appear,  one  above  the  other,  by  the  sides  of  the  neck.  These  are  called  the 
visceral  arches,  and  the  slit^  between  them  are  called  the  visceral  clefts*  Tlie 
first  three  arches,  enumerating  them  from  above  downward,  correspond,  in 
their  origin,  to  the  three  primitive  cerebnd  vesicles.  The  fourth  arch-^ which 
is  not  enumerated  by  some  authors,  who  recognize  but  three  arches — corre- 
sponds to  the  8Up€ri(»r  cervical  vertebrae.  Of  these  four  arches,  the  first  is  the 
most  important,  as  its  development,  in  connection  with  that  of  the  frontal 
process,  forms  the  face  and  the  malleus  and  iucus  of  the  middle  ear.  The 
second  arch  forms  the  lesser  cornua  of  the  hyoid  bone,  the  stapes  and  the 
styloid  ligament.  The  third  arch  forms  the  body  and  tiie  greater  cornua  of 
the  hyoid.  The  fourth  arch  forms  the  lar}"nx.  The  first  cleft,  situated  be- 
tween the  fii'st  and  the  second  arch,  is  finally  closed  in  front,  but  an  opening 
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remains  by  the  side,  which  forms,  externally,  the  external  auditory  meatus^ 
and  internally,  the  tympanic  aivity  and  the  Eustachian  tube*  The  other 
clefts  become  obliterated  m  tiie  arches  advance  in  their  development. 

From  the  above  sketeh,  it  is  seen  that  tlie  face  and  the  neck  are  formed 
by  the  advance  and  closure  in  front  of  projections  from  behind,  in  the  same 

way  as  the  cavities  of  the  thorax  and 
abdomen  are  closed ;  but  the  closure  of 
the  first  visceral  arch  is  complicated  by 
the  |*rojection,  from  above  downward, 
of  the  fronUil,  or  intermaxiihiry  process,  • 
and  by  the  formation  of  several  second^ 
ary  projections,  which  leave  certain 
|>ermanent  openings,  forming  the 
month,  nose  etc. 

In  the  very  first  stages  of  develop- 
ment of  the  head  there  is  no  appear- 
ance of  the  face.  The  cephalic  ex t rem* 
ity  consists  simply  of  the  cerebral  vesi- 
cles, the  surface  of  this  enlarged  por- 
tion of  the  embryon  being  covered,  iu 
front  as  well  tis  behind,  by  the  epiblast. 
During  the  sixth  week,  after  the  cavity 
of  the  pharynx  hiis  ap^>eared,  the  mem- 
brane gives  way  in  front,  forming  fti 
large  opening,  which  may  be  calleil  the 
first  opening  of  the  month.  At  this 
time,  liowever,  the  face  is  entirely  oj)eii| 
in  front,  as  far  ha<jk  n&  the  ears.  The  ( 
first,  or  the  superior  vi^^eral  arch,  now 
appears  as  a  jirojection  of  the  me^^o- 
blast,  extending  forward,  This  is  soon 
marked  by  two  secondary  projectionfli.J 
the  upper  projection  forming  the  superior  maxillary  portion  of  the  face,  and 
the  lower,  the  inferior  maxilla.  The  two  projections  which  form  the  lower 
jaw  soon  meet  in  the  median  line,  and  their  superior  margin  is  the  lower  lip. 
At  the  same  time  there  is  a  projection  from  above,  extending  between  the 
two  superior  projections,  which  is  called  the  frontal,  or  intermaxillary  pro- 
cess. This  extends  from  the  forehead^ — ^tliat  portion  which  covers  the  front 
of  the  cerebrum — downward.  The  superior  maxillary  projections  then  ad- 
vance forward,  gradually  {massing  to  meet  the  frontal  process,  but  leaving  two 
small  openings  on  either  side  of  the  median  line,  which  are  the  openings  of 
the  nostrils.  The  upper  portion  of  the  frontal  process  thus  forms  the  nose; 
bttt  below,  is  the  lower  end  of  this  process,  which  is  at  first  split  in  the  medi* 
an  line,  projects  below  the  nose,  ami  forms  the  incisor  process,  at  the  lower 
border  of  which  are  finally  developed  the  incisor  teeth.  As  the  superior  max- 
illary processes  advance  forward,  the  eyes  are  moved,  as  it  were,  from  th© 


Fio,  &y7.—Mmith  of  a  human  tmbrjfon  of  ffoen- 
ty^Jlve  to  twriityi'€iffht  days :  mat/nijled  15 
din 


1,  nieilimi  or  frontal  pnocx'ss,  iht*  inferior  p(irtk>n 


of  which  b  CJiiisitlerably  itularKi^cl ; 

nct^lril :  8,  left  nofitril  ;  4,  4,  infertor  inuLXll- 


,  riRlit 


tary  pr«K?fRfif»,  filrertdy  united  in  the  median 
Uiw  :  5,  5,  )!iij|»erior  tua^illfiry  prfX'CSMea, 
which  have  l>f<>uiie  Quitt'  prcjiuinetit  and 
bJDtve  «k*si.N»rided  to  the  level  <if  the  slop*?  of 
the  frontal  prvM^eMM  ;  fl.  mouth :  7,  firsit  rls- 
eeml  iireh  ;  H,  ftecond  vl»eL»riLl  arch  ;  *,  tliird 
viiicerai  amh  ;  10,  eye  ;  U,  eiM*. 
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the  head  and  present  anteriorly^  until  finally  their  axes  become  parallel. 
processes  advance  from  the  two  sides,  eonie  to  the  aides  of  the  incisor 
process,  beneath  the  nose,  unite  with  the  incieor  process  on  either  side,  and 
their  lower  margin*  with  the  lower  margin  of  the  incisor  process,  forms  the 
upper  lip;  but  before  thi§,  the  two  lateral  halves  of  the  incisor  process  have 
united  in  the  mediun  line.  At  the  bottom  of  the  cavity  of  the  mouth  a 
small  papilla  makes  its  appearance,  which  gradually  elongates  and  forms  the 
tongue. 

While  this  process  of  development  of  the  anterior  portion  of  the  first 
visceral  arch  is  going  on,  at  it^  posterior  portion,  the  malleus  and  incus  are 
developing,  the  former  being  at  first  connected  with  the  cartilage  of  Meckel, 
which  extends  along  the  inner  surface  of  the  inferior  maxilla,  the  cartilages 
from  either  side  meeting  at  the  chin.  The  cleft  between  the  first  and  the 
second  visceral  arch  hivi  closed,  except  at  its  posterior  portion,  where  an 
opening  is  left  for 
the  external  audi- 
tory meatus,  the 
^vity  of  the  tym- 
panum and  the 
EusliKdnan  tube. 

At  the  same 
time  the  second  vis- 
ceral arch  advance;^ 
and  fonns  tln^ 
stapes,  the  styloid 
ligament  and  the 
lesser  comua  of  the 
hyoid  bone.  The 
third  arch  advances 

in   the  same  way;  .        ^—  ^.^ 

and  the  arches  from  m^        ^^^  / 

the  two  sides  meet, 
become  united  in 
the  median  line  and 
form  the  body  and 
the  greater  eomua 
of  tile  hyoid  bone. 
The  clefts  between 
the  second  and  tlie 
third  ami  between 
the  third  and 
fourth    arches   are 


Fio,  90B,^Moutk  of  a  human  em- 
bryon  of  thtrtif-fivf  daya  (Co8.ti*|i. 

1,  frontal  [irooess^  widely  »|fit>e-d  At 
it«  inferior  portion  ;  I,  ii,  Invl^ 
sor  ^roc«»e8  prtHliiotf<l  by  tliLsi 
Klnjim>c  :  3^  'i,  urtstrlls;  i,  lowrr 
ijji  anJ  miixtlhi.  formed  B^v  Hit* 
uiiJufi  <jf  Uie  inferior  moxrilArj' 
procesBes  ;  5,  S,  KujHt-rior  inax- 
Hlary  jttoceeaes,  voutignmia  to 
the  incisor  process  ;  fi.  (iwutb. 
ttJlll  eoufDundpHi  with  the  naAal 
frtHSiv  ;  T,  l!rst  appeATADce  of 
III*'  olojiure  of  thf  nnsm]  fofiSfB  ; 
K  H,  fJrAt  iippearnut'eor  the  two 
hulvt'H  of  the  paliiMne  aroh  ;  », 
lon^rue  ;  10.  W,  *»>  e*  ;  11,  12,  la, 
visoeral  arche». 


'    'Mouth  of  an  fh>:  .^r- 

ty  dtiytf  (Co»t«* K 
« first  appearances  of  the  nose  ;  2, 2,  flrvt 
ftpr^nnujfe  of  the  alie  of  the  uoao  ; 
8.  rtpjH^ftrance  of  the  closure  )>eneath 
the  iiosi* ;  4^  niiddle,  or  median  jKir* 
%mvk  of  the  upi>er  lip,  formed  l>y  the 
apjiroaeJi  and  union  of  the  tivo  in- 
fib* M"  proccssi'.'s.  a  little  utJtch  iu  the 
iiiediiLii  line  still  indiejitint?  the  prim« 
itive  ik.'ipnraEion  of  thif  two  prtK?e«a» 
«i:  5,ri»  Hnjjerior  inaxillur}'  j>rtH^e*»- 
t«*  forininc  tht.*  lateral  i^irtions  of 
tho  iipi.ter  lip  :  6.  f),  lijroipve  fur  the 
devetopinent  of  the  Uichrynml  noM 
ami  the  nw?a\  cauat  ;  7,  lower  lipt  8, 
mouth  ;  9,  tk  the  twn  luteral  huive^l 
of  the  palatine  arch,  ahvady  ornrly 
approximated  to  each  other  in  front, 
but  iitUl  widely  separated  behiiuL 


linally  obliterated. 

The  foui-th  arch  forms  the  sides  of  the  neck  and  the  larynx,  the  arytenoid 
cartilages  being  developed  first.  In  front  of  the  larynx  and  just  behind  the 
tongue,  is  a  little  elevation,  which  is  developed  into  the  epiglottis.     The 
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opening^s  of  the  nostrils  appear  during  the  second  half  of  the  second  month* 
A  little  elevation,  the  nose^  «'>pears  between  these  openings,  and  the  nasal 
cavity  begins  to  be  separated  from  the  moiitlL  The  lips  are  distinct  during 
the  third  month,  and  the  tongue  first  appears  in  the  courso  of  the  seventh 
week. 

When,  by  an  arrest  of  development,  the  superior  maxima  on  one  side  fails 
to  unite  with  the  side  of  the  iueisor  process,  there  is  the  very  common  de- 
formity known  as  single  harelip.  If  this  union  fail  on  both  sides,  there  ia 
double  harelip,  when  the  incisor  process  usually  is  more  or  less  projecting. 
As  a  very  rare  deformity,  it  is  sometimes  observed  that  the  two  sides  of  the 
incisor  process  have  failed  to  unite  witli  eaeli  other.,  leaving  a  fissure  in  the 
median  line. 

The  pahidne  areh  is  developed  by  two  processes,  which  arise  on  either 
side,  from  the  incisor  process,  jiass  backward  and  upward  and  finally  meet 
and  unite  in  the  median  line.  The  union  of  these  forms  the  plane  of  sejia- 
ration  between  the  mouth  and  the  mires;  aud  want  of  fusion  of  these  pro- 
cesses, from  arrest  of  developmeut,  producers  the  malformation  known  as 
cleft  palate,  in  which  the  fissure  is  always  in  the  median  line.  At  the  samei 
time  a  vertical  process  forms  in  the  median  line,  between  the  palatine  arch 
and  the  roof  of  the  nasal  cavity,  which  separates  the  two  nares. 

Devehpment  of  iht^  Teeth, — The  first  appearance  of  the  organs  for  the 
development  of  the  teeth  is  marked  by  the  formation  of  a  cellular  |irojection 
extending  the  entii-e  length  of  the  rounded  border  of  either  jaw,  which  forma 
a  rounded  band  above  and  dips  down  somewhat  into  the  subjacent  structure. 
This  band  is  readily  separated  by  maceration,  and  the  removal  of  the  portion 
that  dips  into  the  maxilla  leaves  a  groove.  This  band  extends  the  enUre 
length  of  the  jaws,  without  interruption.  Its  superior  surfiK-e  is  rounded, 
and  that  portion  whicii  dips  into  the  subjacent  mucous  structure  is  we<lge- 
shaped,  so  that  it-s  section  has  the  form  of  a  V. 

As  soon  as  this  primitive  band  is  formed,  which  occurs  at  the  sixth  or 
seventh  week,  a  flat  band  projects  from  its  internal  surface,  near  the  mucous 
stnieturc,  which  is  called  the  epithelial  band.  This  also  extends  over  the 
enti're  length  of  the  jaws.  It  is  thin,  flattened-,  with  its  free  edge  curved 
inward  and  toward  tlie  jaw,  and  is  composed  at  first  of  a  central  layer  of 
polygonal  cells,  covered  by  a  kyer  of  columnar  epithelium. 

At  certain  points — these  points  corresponding  to  the  situation  of  the  true, 
dental  bulbs — there  appear  rounded  enlargements  at  the  free  margin  of  the 
epithelial  band  just  describwl.  Each  one  of  these  is  developed  into  one  of 
the  structures  of  the  perfect  tooth.  The  mechanism  of  the  formation  of  this, 
which  is  called  the  enamel-organ,  and  of  the  dental  bulb  is  as  follows : 

A  rounded  enlargement  appears  at  the  margin  of  the  epithelial  band. 
This  soon  becomes  directed  downward — adapting  the  description  to  the  lower 
jaw — and  dips  into  the  mucous  structure,  being  at  first  connected  with  the 
epithelial  band,  by  a  narrow  pedicle,  which  soon  disappears,  leaving  the  en- 
largement enclosed  completely  in  a  follicle.  This  is  the  dental  follicle,  and 
it  has  no  connection  with  the  wedge-shai>ed  band  described  first.     While 
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this  process  is  going  on»  a  conical  bulb  appears  at  the  bottom  of  the  folliole. 
The  enamel-organ,  formed  from  the  epithelial  baud,  beeonies  excHvated,  or 
cup-shaped,  at  its  under  surfaee,  and  11  ts  over  the  dental  bulb,  becoming 
united  to  it 

The  tooth  at  this  time  consists  of  the  denial  bulb,  with  the  enamel-organ 
closely  fitted  to  its  projecting  surfat-e.     The  enamel-organ  ia  developed  into 
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Fif*.  *J0.— remporory  nnd  permanent  teeth  (Snppej). 
1,  ],  lemporftry  (Central  Incisors;  3,  2*  t^Tiipurary  lat4eml  inrtsup!! ;  8,  8,  tetujKjriin'  rajnliifs  ;  4.  4,  t«>ni|Ki^ 
mry  auterior  nmlArs  ;  5.  5,  ti'mporari'  ptistrriorniolnri* :  tt,  H,  pwrniADt'nt  cetrTrnI  ifTci>if>r»  ;  7,  7,  pvr- 
nuuieiit  l&t««t'al  iticLsorn;  8.  8,  perTHitneut  cauiue^;  'J,  1>,  jifrmotieiiL  first  bicui>pid.s  ;  h-\  l(i,  |>eruijuient 
JHeoond  blcuapidif ;  H,  11,  nrst  iuolar«. 

the  enamel;  the  dentu!  bulb,  which  is  provided  with  vessels?  and  nerves,  be- 
comes the  tooth-pulp ;  and  uiion  tlie  surface  of  the  dental  bulb,  the  tlentine 
is  developed  in  successive  ht>'ers.  The  cement  is  developed  by  successive 
layers,  upon  that  portion  of  the  dentine  which  forms  the  root  of  the  tooth* 
As  these  processes  go  on,  the  tooth  pnvjecti*  more  ami  mort%  tlie  upper  part 
of  the  wall  of  the  follicle  gives  way  and  the  tootb  finally  ap|iear8  at  the  sur- 
face. 

The  ^>ermanent  teeth  are  developed  beneath  the  follicles  of  tlie  tempo- 
rary, or  milk-teeth.  Tlie  hrst  appearance  is  a  prolongation  or  diverticulum 
from  the  enamel -organ  of  the  temporary  tooth,  w^hich  dips  more  deeply  into 
the  mucous  structure.  This  becomes  the  enamel-organ  of  the  permanent 
tooth;  and  the  successive  stages  of  development  of  the  dental  follicles  and 
the  dental  pulp  progress  in  the  same  way  n»  in  the  temporary  teeth.  As 
the  permanent  teeth  increase  in  size,  they  gradually  encroach  upon  the  roots 
M 
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of  the  temporftry  teeth.  The  roots  of  the  latter  are  absorbed,  the  permanent 
teeth  advance  more  and  more  toward  the  surface,  and  the  erowji  of  each  tem- 
porary tooth  is  finally  pushed  out.  The  number  of  the  temporary  teeth  19  ' 
twenty,  and  there  are  thirty-two  |>ermaiient  teeth.  Thus  there  are  three 
permanent  teeth  on  either  side  of  iuith  jaws,  which  are  developed  cle  novo  ami 
are  not  preceded  by  temporary  structures. 

The  tirst  dental  follicles  usually  aj>pear  in  regidar  succession.  The  folli- 
cles for  the  internal  iueisors  of  the  lower  jaw  appear  first,  this  occurring  at 
about  the  nintli  week.  All  of  the  follicles  for  the  teraporary  teeth  are  com- 
pletely formed  at  about  tlie  eleventh  or  twelfth  week. 

The  temporary  teeth  ap}>ear  successively,  the  corres{K)nding  teeth  appear- 
ing a  little  earlier  in  the  lower  jaw.  The  usual  order,  subject  to  certain  ex- 
ceptional variations,  is  as  follows  (Sappey) : 

The  four  central  incisors  appear  six  to  ejo^ht  months  after  birth. 

The  four  latenil  incisors  appear  seven  to  twelve  months  after  birth. 

The  fuur  ant43ri(»r  molars  appear  twdve  to  cijefht^^en  months  after  birth. 

The  four  caninesi  appear  sixteen  to  tweaty-lour  moiulis  aft4?r  birth. 

The  four  posterior  tnolars  appear  twenty-four  to  thirty-six  months  after  birth. 

The  order  of  eruption  of  the  permanent  teeth  is  as  follows : 

The  two  centi*al  incisors  of  the  lower  jaw  appear  between  the  sixth  and  the  eighth 

years. 

The  two  oenlral  incisors  of  the  upper  Jaw  apjiear  between  the  seventh  and  the  eightli  ^ 

years. 

The  four  lateral  inci'^ors  appear  between  the  eighth  and  the  ninth  years. 

The  four  first  hitnifspids  appear  tielween  the  ninth  and  the  tenth  years. 

The  four  tMiniaes  appear  l>etween  the  tenth  and  t!ie  eleventh  years. 

The  four  R'tond  bieuspids  appear  between  the  twelfth  and  the  thirteenth  years. 

The  above  are  the  permanent  tec-th  which  repliw^e  the  temporary  teeth. 
The  permanent  teeth  which  ai*e  developed  de  novo  appear  as  follows : 

The  first  molar?  app<?ar  between  the  sixth  and  the  seventh  years. 

The  secimd  molars  ap|>ear  between  the  twelfth  and  the  thirteenth  years. 

The  third  molars  ap^iear  between  the  seventeenth  and  the  twenty-first  yearsL 

Developmext  of  the  Genito-Urinary  APP.\RATrS. 

The  irenitiil  and  the  nrinary  organs  are  developed  together  and  are  hoth 
preceded  by  the  appearance  of  two  large,  symmetrical  strnetures,  known  as 
the  Wolffian  bodies,  or  the  boilies  of  Oken,  The^e  are  sometimes  calle*!  the 
false,  or  the  j)riniordial  kidneys.  They  appear  at  about  the  thirtieth  day,  de- 
velop very  rapidly  on  either  side  of  the  &piual  cohmiii  and  are  so  large  ag  to 
almost  fill  the  cavity  of  the  abdomen.  Fig.  311  shows  how  large  these  bodies 
are  in  the  early  life  of  tlie  embryon,  at  which  time  their  ofUco  is  undoubtedly 
very  important. 

Very  soon  after  the  Wolffian  bodies  have  made  their  appearance^  there 
appear  at  their  inner  borders,  two  ovoid  bodies,  which  are  tinally  developed 
into  the  testicles,  for  the  male,  or  the  ovaries,  for  the  female.  At  their  ex- 
ternal borders,  are  two  ducts  on  either  side,  one  of  which,  the  internal,  U 
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Flo.  9l\.—F(Etal  pig,  |  of 
an  inch  (15  9  mm.}  }onff, 
From  a  speclinea  pre- 
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1,  bemt ;  8,  anlertor  ex- 
tremity ;  8,  posterior 
extrfinity  ;  4,  WolfRAa 
bixly. 

The  alKlookinal  walls  hara 
bee'D  flit  II way,  In  ordt^jr 
to  sh(jw  The  {position  of 
the  Wulftliiu  bodies. 


called  the  duct  of  the  Wolffian  body.     This  finally  disappears  in  the  female, 

but  it  is  developed  into  the  vas  deferens  in  the  male*    The  other  duct,  which 

is  external  to  the  duct  of  the  Wolffian  h<jAy\  disappears  in  the  male,  but  it 

becomes  the  Fallopian  tube  in  the  female*     This  ia 

known  as  the  dnct  of   Muller.     Behind  the  Wolffian 

bodies^  are  developed  the  kidneys  and  the  suprm'enal 

capsules. 

As  the  development  of  the  Wolffian  bodies  attains 
its  maximum  their  structure  becomes  somewhat  com- 
plex. From  their  proper  ducts,  which  are  applied  di- 
rectly to  their  outer  borders,  tubes  make  their  appear- 
ance at  right  angles  to  the  ducts,  which  extend  into  the 
substance  of  the  bodies  and  become  somew^hat  convo- 
luted  at  their  extremities*  These  tubes  communicate 
directly  with  the  ducts,  and  the  ducts  themselves  open 
into  the  lower  part  of  the  intestinal  canal,  opposite  to 
the  point  of  its  communication  with  the  allantois. 
The  tubes  of  the  Wolffian  bodies  are  simple,  termina- 
ting in  single,  somewhat  dilated,  blind  extremities,  are 
lined  with  epitbelium,  and  are  penetrated  at  their  extremities,  by  blood-ves- 
sels, which  form  coils  or  convolutions  in  their  interior.  These  are  undoubt- 
edly organs  of  depuration  for  the  enibryon  and  take  on  the  office  to  be  after* 
ward  asaumed  by  the  kidneys ;  but  in  tlie  female  they  are  temporary  struct- 
ures, disjippearing  as  development  advane4*8,  and  having  nothing  to  do  with 
the  development  of  the  true,  urinary  organs. 

The  testicles  or  ovaries  are  developed  at  the  internal  and  anterior  surface 
of  the  Wolffian  bodies,  first  appearing  in  the  form  of  small,  ovoid  miLssea 
Beginning  just  above  and  piissing  along  the  external  borders  of  the  Wolffian 
bodies,  are  the  tubes  called  the  ducts  of  Miillcr.  Tht^se  at  first  open  into  the 
intestine,  near  the  point  of  entrance  of  the  Wolffian  ducts.  In  the  female 
their  upper  extremities  remain  free,  except  the  single  fimbria  which  is  con* 
nected  with  the  ovary,  Their  inferior  extremities  unite  with  each  other, 
and  at  their  point  of  union  they  form  the  uterus.  When  this  union  is  in- 
complete there  ia  the  malfornuttion  known  as  double  uterus,  which  may  be 
associated  with  a  double  vagina.  The  Wolffian  bodies  and  their  ducts  disap- 
pear, in  the  female,  at  about  the  fiftieth  day.  A  portion  of  their  structure, 
however,  persists  in  the  form  of  a  collection  of  closed  tubes  constituting  the 
parovarium,  or  organ  of  Rosenmuller. 

In  the  female  the  ovaries  pass  down  no  farther  than  the  pelvic  cavity; 
l)Ut  the  testicles,  which  are  at  first  in  the  abdomen  of  the  male,  fimdly  de- 
scend into  the  scrotum*  As  the  testicles  descend  they  carry  with  them  the 
Wolffian  duct^  that  portion  of  the  Wolffian  body  which  is  permanent  consti- 
tuting the  head  of  the  ejadidymis.  At  the  same  time  a  cord  appears,  at- 
tached to  the  lower  extremity  of  the  tes>ticle  and  extending  to  the  symphysis 
pubis.     This  is  called  the  guhernaculum  testis.     It  is  at  first  muscular,  but 
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is  not  known  that  its  mnacnlar  struchire  takes  any  part,  by  contractile  action, 
in  the  dt;scent  of  the  testicle  in  the  human  subject.  The  epididjmb  and 
the  vas  deferens  are  formed  from  the  Wolffian  body  and  the  Wolffian  duct. 

At  about  the  end  of  the  seventh  month  the  testicle  has  reached  the  in- 
ternal abdominal  ring;  and  at  this  time  a  double  tubular  process  of  perito- 
Eeum,  covered  with  a  few  fibres  from  the  lower  portion  of  the  internal  obliqne 
I  muscle  of  the  abdomen,  gradually  extends  into  Ihe  scrotum.     The  testicle 
I  descends,  following  this  process  of  peritoneum,  which  latter  become  eventu- 
I  ally  the  visceral  and  parietal  |>ortions  of  the  tunica  vaginalis.     The  canal  i»f 
communication  between  the  abdominal  cavity  and  the  cavity  of  the  scrotum 
is  finally  closetl,  and  the  tunica  vaginalis  is  separated  from  the  {>eritoneum. 
The  fibres  derived  from  the  internal  oblique  constitute  the  cremaster  muscle. 
At  the  eighth  or  the  ninth  month  the  testicles  have  reached  the  ext-ernal 
abdominal  ring  and  then  soon  descend  into  the  scrotum.     The  vas  deferens 
passes  from  the  testicle,  along  the  base  of  the  bladder,  to  open  into  tlie  pros- 
tatic portion  of  the  urethra;  and  as  development  advances,  two  sacx^uhited 
diverticula  from  these  tubes  make  their  appearance,  which  are  atta^^^'hcd  to 
the  bladder  and  constitute  the  vesiculffi  seminales. 

As  the  ovaries  descend  t*j  their  permanent  situation  in  the  pelvic  caMty, 
there  appears,  attached  to  the  inner  extremity  of  each,  a  rounded  cord,  analo- 
gous to  the  gubernaculum  testis.  A  portion  of  tliis,  connecting  the  ovary 
with  the  uterus,  constitutes  the  ligament  of  the  ovary ;  and  the  inferior  fior- 
tion  forms  the  round  ligament  of  the  uterus,  which  passes  through  the  in- 
guinal canal  and  is  attached  to  the  symphysis  pubis. 

Ikvdt}pment  of  the  Vrinanj  Apparatus, — Behind  the  Wolffian  bodies, 
and  developed  entirely  independently  of  them,  the  kidneys,  suprarenal  cjap- 
eules  and  ureters  make  their  appearance.  The  kidneys  are  develo^ved  in  the 
form  of  little,  rounded  bodies,  composed  of  shorty  blind  tubes,  all  converging 
toward  a  single  point,  which  is  the  hilum.  These  tubes  increase  in  length, 
branch,  become  convoluted  in  a  certain  portion  of  their  extent,  and  they 
finally  assume  the  structure  and  arrangement  of  the  renal  tubules,  with  their 
Malptgliian  bodies,  blood-vessela  etc.  They  all  open  into  the  hikim.  At  tlie 
time  that  the  kidneys  are  undergoing  development  the  supmrenal  capstilea 
are  formed  at  tlieir  superior  extremities.  These  bodies,  the  uses  of  which  am 
unknown,  are  relatively  so  much  larger  in  the  ftjetus  than  in  the  adult  tliat 
tliey  have  been  supposed  to  be  |>eeuliarly  important  in  intrauterine  life, 
though  nothing  detinite  is  known  upon  this  point.  The  kidneys  are  rela- 
tively very  large  in  the  ftetus.  Their  projMjrtion  to  the  weight  of  the  body, 
in  the  fa^tus,  is  1  to  B»>,  and  in  the  adult,  1  to  240.  The  ureters  undoubtedly 
are  developed  as  tubular  process<^s  from  the  kidneys,  which  finally  extend  to 
open  into  the  bladder.  This  fact  is  shown  by  certain  cases  of  malformation^ 
in  which  the  ureters  do  not  reach  the  bladder,  but  terminate  in  blind  ex- 
tremities. The  development  of  the  genito-urinary  apparatus  can  be  rtmdily 
understood,  after  the  discription  just  given,  by  a  study  of  Fig.  312. 

Devehpment  of  the  External  Organs  (f  Generation, — The  externa!  organs 
of  generation  begin  to  be  developed  at  about  the  fifth  week.     At  the  infe- 
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Fio.  Z12,— Diagrammatic  representation  of  the  genito-urinary  apparatus  (Henle). 

I,  embryonic  condition,  in  which  there  is  no  distinction  of  sex  ;  II,  female  form  ;  in,  male  form.  The 
dotted  lines  in  II  and  III  represent  the  situations  which  the  male  and  female  genital  organs  assume 
after  the  descent  of  the  ovaries  and  testicles.  The  small  letters  in  II  and  III  correspond  to  the  cap- 
ital letters  in  I. 

Fig.  312, 1.— A,  kidney  ;  B,  ureter  :  C,  bladder  ;  D,  urachus,  developed  into  the  median  ligament  of  the 
bladder  :  E,  constriction  which  becomes  the  urethra  ;  F',  Wolffian  body  :  G,  Wolffian  duct,  with  its 
opening  below,  Q';  H,  duct  of  MUller,  united  below,  from  the  two  sides,  into  a  single  tube,  J,  which 
presents  a  single  opening,  J',  between  the  openings  of  the  Wolffian  ducts  ;  K,  ovary  or  testicle  :  L, 
gubemaculum  testis  or  round  ligament  of  the  uterus ;  M,  genito-urinary  sinus ;  N,  O,  external 
genitalia. 

Fig.  812,  II  (female).— a,  kidney  ;  b.  ureter ;  c.  bladder ;  d,  urachus:  e.  urethra:  f,  remains  of  the  Wolf- 
flan  body  (parovarium):  g,  remnant  of  the  Wolffian  duct :  h.  Fallopian  tube ;  1,  uterus ;  i',  vagina ; 
k,  ovary :  1,  round  ligament  of  the  uterus :  m,  extremity  of  the  urethra ;  n,  clitoris :  n',  corpus 
cavemosum  of  the  clitoris ;  n",  bulb  of  the  vestibule  ;  o,  external  genital  opening ;  p,  excretory 
duct  of  the  gland  of  Bartholinus. 

Fig.  812,  III  (male).— a,  kidney  :  b,  ureter  :  c,  bladder :  d,  urachus :  e,  m.  urethra  :  f,  epididyrnis :  g.  vas 
deferens :  g'.  seminal  vesicle ;  g",  ejaculatory  duct ;  h,  i,  remains  of  the  duct  of  Mtiller ;  k,  testicle: 
I,  gubemaculum  testis ;  n,  n',  n",  uretJhra  and  penis ;  o«  scrotum  ;  p,  gland  of  Cowper ;  q,  prostate. 
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rior  extremity  of  the  body  of  the  embryon  a  small,  ovoid  eminence  app 
in  the  mediim  line,  at  the  lower  portion  nf  wliioh  there  is  a  longitudinal  slit, 
whicli  forms  the  common  opening  of  the  anns  and  the  genital  and  urinary 
passages.  Thia  is  the  cloaca.  There  is  soon  developed  internally  a  septiun, 
which  separates  the  rectum  from  the  vagina,  the  urethra  of  the  female  open-. 
ing  above.  In  the  male  this  septiim  is  developed  between  the  rectum  and  the 
urethra,  the  generative  and  the  urinary  passages  opening  together.  From 
this  median  proniinenee  two  lateral,  rounded  bodies  make  their  appearance. 
These  are  developed,  with  the  rnediiiu  elevation,  into  the  glans  jjenis  and  cor- 
pora cavernosa  of  the  male  or  into  t!ie  clit<»ris  and  the  labia  minora  of  the 
female.  In  the  male  these  two  lateral  prominences  unite  in  the  median  line 
and  enclose  the  spongy  portion  of  the  urethra.  When  ihere  is  a  want  of 
union  in  the  cavernotis  bodies  in  the  male,  there  is  the  malformation  known  i 
as  h\^ospatiias.  In  the  female  there  is  no  union  in  the  median  line,  and  an 
opening  remains  between  the  two  labia  minora.  The  scrotum  in  the  male  is 
analogous  to  the  labia  majora  of  the  female ;  the  distinction  biding  that  the 
two  aides  of  the  scrotum  unite  in  the  median  line»  while  the  labia  majora 
remain  permanently  sepamted.  This  analogy  is  farther  illustrated  by  tlie 
anatomy  of  inguinal  heriiia,  in  which  the  intestine  descends  into  the  labium, 
in  the  female,  and  into  the  scrotum,  in  the  male.  It  sometimes  occurs,  also, 
that  the  ovaries  descend,  very  much  as  tlie  testicles  pass  down  in  the  male, 
and  pass  through  the  external  abdominal  ring. 

Development  of  the  CiRcuLATORy  Apparatus. 

The  blood  and  the  blood-vessels  are  developed  very  early  in  the  life  of  the 
ovum  and  make  their  appearance  nearly  as  soon  as  the  primitive  trace.  The 
mode  of  development  of  the  first  vessels  differs  from  that  of  vessels  formed 
later,  as  they  appear  ik  noro  in  the  blastwiermic  layers,  while  afterward,  ves- 
sels are  fonneil  tis  prolongations  of  pre-existing  tubes.  Soon  after  the  epi- 
bkust  and  the  liypoblast  have  become  separate<l  from  each  other  and  the 
mesoblast  has  been  formed  at  the  thickened  portion  of  the  ovum,  which  is 
destined  to  be  developed  into  the  embryon,  certain  of  the  blastodermic  cells 
undergo  a  ti'ansformatiun  into  bk»od-corpuscles.  These  are  larger  than  the 
blood- corpuscles  of  the  adult  and  generally  are  nucleated.  At  about  the 
same  time— it  may  be  before  or  after  the  appearance  of  the  corpuscles,  for 
this  point  is  undetermined — certain  of  the  blastodermic  cells  fuse  with  each 
other  and  arrange  themselves  so  as  to  form  vessels.  Leucocytes  probably  are 
developed  in  the  same  way  as  the  red  corpuscles.  The  vessels  thus  formed 
constitute  the  area  vasculosa,  which  is  the  beginning  of  what  is  known  as 
the  first  circulation. 

According  to  His  and  Waldeyer,  the  cells  of  the  meaoblast  do  not  lake 
part  in  the  formation  of  the  blood  and  hi rwd -vessels,  as  indicated  above,  but 
cells  penetrate  at  the  edges,  between  the  fpihhist  and  the  hvpoblast,  and  thcm^ 
which  are  called  paraldastic  cells,  are  developed  into  blood-vessels  and  blootl- 
corpuscles.  The  connective  tissue  is  also  supposed  to  be  developed  from 
parablastic  cells.     According  to  this  view — which,  however,  is  not  generally 
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adopted — the  paniblastic  cells  are  to  be  distiixguisJied  from  the  colls  of  the 
mesobhtst,  which  latter  are  called  archiblaatic  cells.  Aceordiug  to  Rind- 
fleisch  the  so-called  pamhlastic  cells  am  derived  from  the  area  opaca. 

The  Firsts  or  ViteUi?te  Circuhilion. — In  the  deveh>})ment  of  oviparous 
animals,  the  first,  or  vitelline  circulation  is  very  important ;  for  by  these  ves- 
sels the  contents  of  the  nutritiye  jelk  are  taken  up  and  carried  to  the  em- 
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bryon,  constituting  the  only  source  of  material  for  its  nutrition  and  growth. 
In  maninmli^-,  however,  nutritive  matter  ia  absorbed  al mostly  exclusive  from  the 
mother,  by  simple  endosmosia,  before  the  placental  circiihition  is  ei^tabhshed, 
and  by  the  placental  vessels,  at  a  later  period*  The  vitelline  circulation  is 
therefore  not  important,  and  the  vessels  dissappear  with  the  atrophy  of  the 
umbilical  vesicle. 

The  area  vasculosa  in  mammals  consists  of  vessels  coming  from  the  body 
of  the  emhryon,  forming  a  nearly  circular  plexus  in  the  subst^mce  of  the  vi- 
tellus,  around  the  embryon.  The  vessels  of  this  plexus  open  into  a  sinus  at 
the  border  of  the  area,  called  the  sinus  terminal  is. 

In  examining  the  ovum  when  the  area  vasculoaa  is  first  formed,  the  em- 
bryon  is  seen  lying  in  the  direction  of  the  diameter  of  the  nearly  circular 
plexus  of  bluod-Ycsscls.  The  plexus  surrounds  the  embryon,  except  at  the 
cephalic  extremity,  where  the  terminal  sinuses  of  the  two  sides  curve  dow^n- 
ward  toward  the  head,  to  empty  into  the  omphalo-mesentenc  veins.  As  the 
umbilical  vesicle  is  separated  from  the  body  of  the  emhryon,  it  carries  the 
plexus  of  vessels  of  the  area  vasculosa  with  it,  the  vessels  of  commwnication 
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with  the  embryon  being  the  omphalo-mesent^ric  arteries  and  veins.  Am 
these  prrKjeJSse«  are  going  on,  the  great,  centml  vessel  of  the  embryon  beeomei 
enlarged  and  t¥risted  ujMn  itself,  at  a  point  just  below  the  cephalic  enlarge- 
ment of  the  embnr'on,  between  the  inferior  extremity  of  the  pharynx  and  the 
Buperior  eid-de^nac  of  the  intej^tinal  canal  The  excavation  which  receives 
this  vessel  is  called  the  fovea  cardiaca.  Simple,  undulatory  movements  take 
place  in  the  heart  of  the  chick  at  about  the  middle  of  the  second  day;  but 
there  is  not  at  that  time  any  regular  circulation.  At  the  end  of  the  second 
day  or  the  beginning  of  the  third,  the  currents  of  the  circulation  are  estab- 
liiihed.  The  time  of  ih^  first  appearance  of  the  circuktion  in  the  human 
embryon  has  not  been  accurately  determined. 

In  the  arrangement  of  the  vessels  for  the  finat  circulation  in  the  embryon, 
the  heart  is  situated  exa^^tiy  in  the' median  line  and  gives  off  two  arches  which 
curve  to  either  side  and  unite  into  a  single  central  trunk  at  the  spinal  column 
below.  These  are  the  two  aorta?,  and  the  single  trunk  formed  by  their 
union  becomes  the  abdominal  aorta.  The  two  aortic  arches,  only  one  of 
which  is  permanent,  are  sometimes  called  the  inferior  vertebral  arteriea.  These 
vessels  give  off  a  nomher  of  branches,  wliich  pass  into  the  area  vasculoea. 
Two  of  these  brandies,  however,  are  larger  than  the  others,  pass  to  the  um- 
bilical vesicle  and  are  called  the  omphalo- mesenteric  arteries.  In  the  em* 
bryon  of  mammals,  there  are  at  first  four  omphalo-mesenteric  veins,  two 
superior,  whicli  are  the  larger,  and  two  inferior ;  but  as  development  advances, 
the  two  inferior  veins  arc  closed,  ait<l  there  are  then  two  omphak> mesen- 
teric arteries  and  two  oniphalo-mesenteric  veins.  At  about  the  fortieth  day 
one  artery  and  one  vein  disappear,  leaving  one  omphalo-raesenteric  arteiy 
and  one  vein.  Soon  after,  as  the  circulation  becomes  e^stablisheil  in  the 
allantois,  the  vessels  of  the  umbilical  vesicle  and  the  omphalo-mesenteric 
vessels  are  obliterated,  and  the  first  circulation  is  superseded  by  the  second. 

As  the  eeptum  between  the  two  ventricles  makes  its  appeanince,  that 
division  of  the  right  tiortie  arch  wliic-h  constitutes  the  vascular  portion  of  one 
of  the  hrancliial  arches  dimppears  and  loses  its  conjiectiun  with  the  abdom- 
inal aorta;  a  branch,  however,  persists  during  the  whole  of  iutraiiterine  life 
and  constitutes  the  ductus  arteriosus,  and  another  branch  is  permanent^ 
forming  the  pnlmonary  artery. 

The  Second^  or  Phtrenial  Cirrulaiifm, — As  the  omphalo-mesenteric  ves- 
Bels  disappear  and  as  the  allantois  is  developed  to  form  the  chorion,  two 
vessels  (the  h^-iiogastric  arterites)  arc  given  off,  first  from  the  alKlominal  aorta; 
but  afterward,  a^  the  vessels  going  to  the  lower  extremities  are  developed, 
the  branching  of  the  abdominal  aorta  is  such  that  the  vessels  become  con- 
nectal  Willi  tlie  iriternal  iliac  arteries.  The  hyiwgastric  arteries  pass  to  the 
chorion,  through  the  umbilical  cord,  and  constitute  the  two  umbilical  arteries. 
At  first  there  are  two  umbilical  veins;  hut  one  of  them  afterward  disaf»- 
pears,  and  there  is  finally  but  one  vein  in  the  umbilical  cord.  It  is  in  this 
way — the  ombilicul  arteries  carrying  the  bloml  to  the  tufts  of  the  ftetal  pla- 
centa, which  is  returned  by  the  umbilical  vein — that  the  placental  circulation 
is  established. 
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Corresponding  to  the  four  viaceral  arches,  which  have  been  deBcribed  in 
connection  with  the  development  of  tlie  fat'e,  iire  four  vascular  arches.  One 
of  these  dis^appears,  and  the  remaining  three  undergo  certain  changes,  by 
which  they  are  converted  into  the  vessels  going  to  the  head  and  the  superior 
eattreniitios.  The  anterior  arches  on  the  two  sides  are  converted  into  the 
carotids  and  subclavians  ;  the  second,  on  the  left  side, 
is  converted  into  the  {>ermaneot  aorta,  and  the  right  is 
obliterated;  the  third,  on  either  side,  id  converted  into 
the  right  and  left  puhnonary  arteries. 

The  ehanges  of  the  branchial  arches  are  ilhistrated 
in  the  diagranunatie  Fig.  3H,  In  this  (igure  the  three 
lu'nnchial  arches  that  remain  and  participate  in  the  de- 
Telopment  of  the  upper  portion  of  the  vascular  system 
are  1,  2,  3^  on  either  side.  The  two  anterior  {3,  3)  be- 
come the  carotids  ((?,  c)  and  the  subclavians  {*, »),  The 
second  (*2»  2)  is  obliterated  on  the  right  side,  and  be- 
comes the  arch  of  the  aorta  on  the  left  side.  Tlie  third 
(1,  1),  counting  from  above  downward,  is  converted  into 
the  pulmonary  arteries  of  the  two  sides*  Upon  the  left 
side  tliere  is  a  large,  anastomosing  vessel  (t^r),  between 
the  pulmonary  artery  of  that  side  and  the  arch  of  the 
aortji,  which  is  the  ductus  arteriosus.  The  anastomos- 
ing vessel  («/),  between  the  right  pulmonary  artery  and 
the  aorta,  is  obliterated. 

The  mode  of  development  of  the  veins  is  very  sim- 
ple. Two  venous  trunks  make  their  appearance  by  the 
sides  of  the  spinal  eohimn,  which  are  called  the  cardi- 
nal veins,  and  run  parallel  with  the  superior  vertebral 
arteries,  or  the  two  aorta%  emptying  finally  into  the  au- 
ricular piirtion  of  tiie  heart,  by  two  canals,  wliich  are 
called  tin^  canals  of  Cuvier.  Tliese  veins  change  their 
relations  and  connections  as  the  first  circulation  is  re- 
placed by  the  second.  The  omphalo- mesenteric  vein  opens  into  the  heart, 
between  the  two  canals  of  Cuvien  As  development  advances,  the  liver  is 
formed  in  the  course  of  this  vessel,  a  short  distance  below  the  heart,  and  the 
vein  ramities  in  it^s  substance;  so  that  the  blood  of  the  omphalo-mesenteric 
vein  passes  tln^ough  the  liver  befiire  it  goc^s  to  the  heart.  The  omphalo- 
mesenteric vein  is  obliterated  as  the  umbilical  vein  makes  its  appearance. 
The  blood  from  the  umbilical  vein  is  at  fii"st  emptied  directly  into  the  heart; 
but  this  vessel  soon  ettiablishes  the  same  relations  with  the  liver  as  the  om- 
phalo-mesenteric  vein,  and  ka  blood  passes  through  the  liver  before  it  reaches 
the  central  organ  of  the  circulation.  As  the  omphalo- mesenteric  vein  atro- 
phies, the  mesenteric  vein,  bringing  the  blood  from  the  intestinal  canal,  is 
developed,  and  this  penetrates  the  liver,  becoming  finally  the  portid  vein. 

As  the  lower  extremities  are  developed,  the  inferior  vena  cava  makes  its 
appearance,  between  the  two  inferior  cardinal  veins.     This  vessel  receives  an 
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anastomosing  branch  from  the  umbilical  vein,  before  it  penetrates  the  liver, 
and  this  branch  in  the  ductus  venosua.     As  the  inferior  vena  rjava  incr 
in  size,  it  coinniiinicutea  below  with  the  two  inferior  cardinal  veins;  and  thfl 
portion  of  the  two  inferior  cardinal  veins  which  remains  constitutes  the  two 
iliac  veins.     Tfie  inferior  cardinal  veins,  between  that  |>ortion  which  form« 
the  iliac  veins  and  the  heart,  linally  become  the  right  and  the  left  azjgofti 
veins. 

The  right  canal  of  Cuvier,  as  the  upper  extremities  are  developed,  en- 
larges and  becomes  the  vena  cava  descendens,  receiving  finally  all  the  blood 
from  the  head  and  the  superior  extremities.  The  left  canal  of  Cuvier  under* 
goes  atrophy  and  disappears.  The  upper  portion  of  the  superior  cardinal 
veins  is  developed  into  the  jugulars  and  eubclavians  on  the  two  sides.  As 
the  lower  portion  of  the  left  cardinal  vein  and  the  left  canal  of  Cuvier 
atrophy,  a  venous  trunk  appears,  connecting  the  left  subclavian  with  the 
right  canal  of  Cuvier.  This  increases  in  size  and  becomes  the  left  vena 
innominate,  which  connects  the  left  subclavian  and  internal  jugular  with  tlie 
vena  cava  descendens. 

Devfikfpmeni  of  ihe  Henri.— The  central  enlargement  of  the  vascular  sys- 
tem in  the  first  circidation,  which  becomes  the  heart,  is  twisted  upon  itself 
by  a  single  turn.  I'he  portion  connected  with  the  cepiialic  extremity  of  the 
embryon  gives  origin  to  tlie  arterial  system,  and  the  portion  connected  with 
the  caudal  extremity  receives  the  blood  from  the  venous  system.  The  walls 
of  the  arterial  portion  of  the  heart  soon  become  thickcnetl,  while  the  wall;* 
of  the  venous  portion  remain  (comparatively  thin.  There  then  appears  a  con- 
etrietion,  which  partly  separates  the  auricular  from  the  ventricular  portion. 
At  a  certain  period  of  development  the  heart  presents  a  single  auricle  and 
a  single  ventricle. 

The  division  of  the  heart  into  two  ventricles  appears  before  the  two  auri- 
cles are  separated.  This  is  effected  by  a  septum,  which  gradually  extends 
from  the  apex  of  the  heart  upward  toward  the  auricular  portion.  At  the 
seventh  week  there  is  a  large  oj>ening  between  the  two  ventricles.  This' 
gradually  closes  from  below  upward,  the  heart  becomes  more  pointed,  and 
the  separation  of  the  two  ventricles  is  complete  at  about  the  end  of  the  second 
month. 

At  about  the  end  of  the  second  month  a  septum  begins  to  be  formed 
between  the  auricles.  This  extends  from  the  base  of  the  heart,  toward  th©^ 
ventricles,  but  it  leaves  an  opening  between  the  two  sides — the  foramen  ovalfi 
or  the  foramen  of  Bota!^ — which  persists  during  the  whole  of  fcetal  life.  At 
the  anterior  edge  of  the  o|H^uing  of  the  vena  cava  iiscendens  into  the  right 
auricle,  there  is  a  membmnous  fold,  which  projects  into  the  auricle.  This 
is  the  valve  of  Eustachius,  and  it  divides  the  right  auricle  incompletely  into 
tivo  portions. 

During  the  sixth  week  the  heart  is  verticid  and  is  situated  in  the  median 
line,  with  the  aorta  arising  from  the  centre  of  it^  ba^e.  At  the  end  of  the 
second  month  it  is  raised  up  by  the  development  of  the  liver,  and  its  point 
presents  forward.     During  the  fourth  month  it  is  twisted  slightly  upon  its 
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axis,  and  the  point  presents  to  the  left.  At  this  time  the  auricular  portion 
is  larger  than  the  ventricles ;  but  the  auricles  diminish  in  their  relative  capac- 
ity during  the  latter  half  of  intrauterine  life.  The  pericardium  makes  its 
appearance  during  the  ninth  week. 

Early  in  intrauterine  life  the  relative  size  of  the  heart  is  very  great.  At 
the  second  month  its  weight,  in  proportion  to  the  weight  of  the  body,  is  as  1 
to  50.  This  proportion,  however,  gradually  diminishes,  until  at  birth  the 
ratio  is  as  1  to  120.  The  weight  in  the  adult  is  about  as  1  to  160.  During 
about  the  first  half  of  intrauterine  life  the  thickness  of  the  two  ventricles  is 
nearly  the  same ;  but  after  that  time  the  relative  thickness  of  the  left  ven- 
tricle gradually  increases. 

PeculiarUies  of  the  Fmtal  Circulation. — Beginning  at  the  abdominal 
aorta,  the  blood  passes  into  the  two  primitive  iliacs,  and  thence  into  the  in- 
ternal iliacs.  From  the  two  internal  iliacs  the  two  hypogastric  arteries  arise, 
which  ascend  along  the  sides  of  the  bladder,  to  its  fundus,  pass  to  the  umbili- 
cus and  go  to  the  placenta,  forming  the  two  umbilical  arteries.  In  this  way 
the  blood  of  the  foetus  goes  to  the  placenta. 

The  umbilical  vein  enters  the  body  of  the  foetus  at  the  umbilicus ;  it 
passes  along  the  margin  of  the  suspensory  ligament,  to  the  under  surface  of 
the  liver ;  it  gives  off  one  branch  of  large  size,  and  one  or  two  smaller 
branches  to  the  left  lobe ;  it  sends  a  branch  each  to  the  lobus  quadratus  and 
the  lobus  Spigelii;  and  the  vessel  reaches  the  transverse  fissure.  At  the 
transverse  fissure  it  divides  into  two  branches,  the  larger  of  which  joins  the 
portal  vein  and  enters  the  liver ;  and  the  smaller,  which  is  the  ductus  venosus, 
passes  to  the  vena  cava  ascendens,  at  the  point  where  it  receives  the  left 
hepatic  vein.  Thus  the  greater  part  of  the  blood  returned  to  the  foetus  from 
the  placenta  passes  through  the  liver,  a  relatively  small  quantity  being 
emptied  into  the  vena  cava,  by  the  ductus  venosus. 

The  vena  cava  ascendens,  containing  the  placental  blood  which  has  passed 
through  the  liver,  the  blood  conveyed  directly  from  the  umbilical  vein  by  the 
ductus  venosus  and  the  blood  from  the  lower  extremities,  passes  to  the  right 
auricle.  As  the  blood  enters  the  right  auricle  it  is  directed  by  the  Eustachian 
valve,  passing  behind  the  valve,  through  the  foramen  ovde,  into  the  left 
auricle.  At  the  same  time  the  blood  from  the  head  and  the  superior  ex- 
tremities passes  down,  by  the  vena  cava  descendens,  in  front  of  the  Eustachian 
valve,  through  the  right  auricle,  into  the  right  ventricle.  The  arrangement 
of  the  Eustachian  valve  is  such  that  the  right  auricle  simply  affords  a  pas- 
sage for  the  two  currents  of  blood ;  the  one,  from  the  vena  cava  ascendens, 
through  the  foramen  ovale,  passes  into  the  left  auricle  and  the  left  ventricle ; 
and  the  other,  from  the  vena  cava  descendens,  passes  through  the  right 
auriculo-ventricular  opening,  into  the  right  ventricle.  It  is  probable,  indeed, 
that  there  is  very  little  admixture  of  these  two  currents  of  blood  in  the  natu- 
ral course  of  the  foetal  circulation. 

The  blood  poured  into  the  left  auricle,  from  the  vena  cava  ascendens, 
through  the  foramen  ovale,  passes  from  the  left  auricle  into  the  left  ventricle. 
The  left  auricle  and  the  left  ventricle  also  receive  a  small  quantity  of  blood 


through  the  right  auricle,  io  front  of  the  Eustachian  valve.     The  two  ventri- 
cles, thus  distended,   then  contnict  simultaneously.     The  blood  from  th^ 
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right  Yentricle  passes  in  small  quantity  to  the  lungs,  the  greater  part  passing 
through  the  ductus  arteriosus,  into  the  descending  portion  of  the  arch  of 
the  aorta.  This  duct  is  half  an  inch  (12-7  mm.)  in  length,  and  about  the 
size  of  a  goose-quill.  The  blood  from  the  left  ventricle  passes  into  the  aorta 
and  goes  to  the  system.  The  vessels  of  the  head  and  superior  extremities 
being  given  off  from  the  aorta  before  it  receives  the  blood  from  the  ductus 
arteriosus,  these  parts  receive  almost  exclusively  the  pure  blood  from  the 
vena  cava  ascendens,  the  only  mixture  with  the  placental  blood  being  the 
blood  from  the  lower  extremities,  the  blood  from  the  portal  system  and  the 
small  quantity  of  blood  received  from  the  lungs.  After  the  aorta  has  received 
the  blood  from  the  ductus  arteriosus,  however,  it  is  mixed  blood ;  and  it  is 
this  which  supplies  the  trunk  and  lower  extremities. 

In  Fig.  315,  which  is  diagrammatic,  the  foetal  circulation  is  illustrated. 
In  endeavoring,  in  this  figure,  to  give  a  clear  idea  of  the  second  circulation, 
no  attempt  has  been  made  to  preserve  the  exact  relations  or  the  relative  size 
of  the  organs.  The  Eustachian  valve,  the  foramen  ovale  and  the  two  auric- 
ulo- ventricular  orifices  are  represented  by  dotted  lines.  The  liver  and  the 
bladder  are  also  represented  by  dotted  lines. 

The  Thirds  or  Adult  Circulation. — When  the  child  is  born  the  placental 
circulation  is  suddenly  arrested.  After  a  short  time  the  sense  of  want  of  air 
becomes  sufficiently  intense  to  give  rise  to  an  inspiratory  effort,  and  the  first 
inspiration  is  made.  The  pulmonary  organs  are  then  for  the  first  time  dis- 
tended with  air,  the  pulmonary  arteries  carry  the  greatest  part  of  the  blood 
from  the  right  ventricle  to  the  lungs,  and  a  new  circulation  is  established. 
During  the  later  periods  of  foetal  life  the  heart  is  gradually  prepared  for  the 
new  currents  of  blood.  The  foramen  ovale,  which  is  largest  at  the  sixth 
month,  after  that  time  is  partly  occluded  by  the  gradual  growth  of  a  valve, 
which  extends  from  below  upward  and  from  behind  forward,  upon  the  side 
of  the  left  auricle.  The  Eustachian  valve,  which  is  also  largest  at  the  sixth 
month,  gradually  atrophies  after  this  time,  and  at  full  term  it  has  nearly 
disappeared.  At  birth,  then,  the  Eustachian  valve  is  practically  absent ;  and 
after  pulmonary  respiration  becomes  established,  the  foramen  ovale  has  nearly 
closed.  The  arrangement  of  the  valve  of  the  foramen  ovale  is  such  that  at 
birth  a  small  quantity  of  blood  may  pass  from  the  right  to  the  left  auricle, 
but  none  can  pass  in  the  opposite  direction.  The  situation  of  the  Eustachian 
valve,  on  the  right  side  of  the  interauricular  septum,  is  marked  by  an  oval 
depression,  called  the  fossa  ovalis. 

As  a  congenital  malformation,  the  foramen  ovale  may  remain  open,  pro- 
ducing the  condition  known  as  cyanosis  neonatorum.  This  may  continue  into 
adult  life,  and  it  is  then  attended  with  more  or  less  disturbance  of  respiration 
and  difficulty  in  maintaining  the  normal  heat  of  the  body.  Usually  the  fora- 
men ovale  is  completely  closed  at  about  the  tenth  day  after  birth.  The  ductus 
arteriosus  begins  to  contract  at  birth,  and  it  is  occluded,  being  reduced  to 
the  condition  of  an  impervious  cord,  between  the  third  and  the  tenth  days. 

When  the  placental  circulation  is  arrested  at  birth,  the  hypogastric  arter- 
ies, the  umbilical  vein  and  the  ductus  venosus  contract,  and  they  become 
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impervious  between  the  second  and  the  fourth  days.  The  hypogastric  arter- 
ies remain  pervious  at  their  hiwer  portion  and  constitute  the  superior  ve«i- 
cid  arteries,  A  rounded  cord,  which  ts  the  remnant  of  the  umbilical  vein, 
forms  the  round  ligament  of  the  liver.  A  slender  cord,  the  remnant  of  the 
ductus  venosus,  ig  lodged  in  a  fissure  of  the  liver,  called  the  fissure  of  the 
ductus  veoosus. 


CHAPTER  XXVL 

F(ETAL  LIFE-DEVELOPMENT  AFTER  BIRTH— DEATH. 

]||lriii^raettt:  of  the  uterus  in  pregnaiicy— Btinitjnu  of  yn^gruincj'^Sijef,  vrclght  ttnct  ponttion  of  the  ftvtni 
'   —'The  f«tBa  nt  dlffiin-nt  »tiige«of  Sntraflterlne  life— MtilUr»l»^  pn?giian<jf — CiiaeHf  of  th*"  flrHi  i«oHtr«c lions 
of  the  uteruM,  in  nonaul  parturitton— Involutioi]  at  the  iiteruK— Mecooiutn — I>e2trttl  pre-emioence— D<r- 
vclopmfnt  after  tuirth—Agce— Death— Cadaveric  rigitlity  (ri^or  mortis). 

As  the  development  of  the  ovum  advances,  the  utenis  is  enlarged  and  its 
walls  are  thickened.  The  form  of  the  organ,  also,  gradually  changes,  as  well 
AB  it^  position.  Immediately  after  birlh  its  weight  is  about  a  i>nun<l  iind  a 
half  (680  grammc*s}  while  the  virgin  uterus  weighs  less  than  two  ounces  (567 
grammes).  The  neck  of  the  uterus,  while  it  becomes  softer  and  more  patu- 
lous during  pregnancy,  doe^  not  change  its  length,  even  in  the  very  latest 
periods  of  utero-gestation  (Taylor).  The  changes  in  the  walls  of  the  uterus 
during  pregnancy  are  very  important.  The  blootl- vessels  bee^nie  much  en- 
larged, and  the  muscular  fibres  incre^ise  immensely  in  size,  so  that  their  con- 
tractions are  very  powerful  when  the  ftetus  is  expelled. 

It  is  evident  tbat  on  account  of  the  progressive  increase  in  the  size  of  the 
uterus  during  pregnancy,  it  can  not  i-emain  in  the  cavity  of  the  pelvis  dur* 
ing  the  later  months.  During  the  first  three  months,  however,  when  it  is 
not  too  large  for  the  pelvis,  it  sinks  back  into  the  hollow  of  the  sacrum,  the 
fundus  being  directed  somewhat  backward,  with  the  neck  presenting  down- 
ward, forwartl  and  a  little  to  the  left.  After  this  time,  however,  the  in- 
creascii  size  of  the  organ  causas  it  to  ext-end  into  the  abdominal  cavity,  so 
that  its  fundus  eventually  reaches  the  epigastric  region.  Its  axis  then  has 
the  general  direction  of  the  axis  of  the  superior  strait  of  the  pelvis. 

Tlie  enlargement  of  tlie  uterus  and  the  necessity  of  carrying  on  a  greAtly 
increased  circulation  in  its  walls  during  pregnancy  are  attended  witli  a  tern* 
porary  h\7>ertrophy  of  the  heart.  It  is  mainly  the  left  ventricle  which  is 
thickened  during  ut4?r<> gestation,  and  the  increase  in  the  weight  of  the  heart 
at  full  term  amounts  to  more  than  one-fifth.  After  delivery  the  weight  of 
the  heart  soon  returns  nearly  to  the  normal  standard. 

Dura  Hon  of  Pregnmwtf^ — The  duration  of  pregnancy,  dating  from  a 
fniitful  intercourse,  must  be  considered  jis  variable,  within  certain  limits. 
The  method  of  calctdation  most  in  use  by  obstetricians  is  to  date  from  the 
end  of  the  last  menstraal  period.     Taking  into  accountj  however,  the  Tarioa» 
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cases  which  are  quoted  by  authors,  in  which  conception  has  been  supposed  to 
follow  a  single  coitus,  there  appears  to  be  a  range  of  variation  in  the  dura- 
tion of  pregnancy  of  not  less  than  40  days,  the  extremes  being  260  and  300 
days.  As  regards  the  practical  applications  of  calculations  of  the  probable 
duration  of  pregnancy  in  individual  eases,  the  fact  must  be  recognized  that 
the  period  is  variable.  Dating  from  the  end  of  the  last  menstrual  flow,  an 
average  of  278  days,  or  a  little  more  than  nine  calendar  months,  may  be 
adopted. 

Size^  Weight  and  Position  of  the  Fcstus, — The  estimates  of  writers  with 
regard  to  the  size  and  weight  of  the  embryon  and  fcetus  at  different  stages  of 
intrauterine  life  present  very  wide  variations ;  still  it  is  important  to  have 
an  approximate  idea,  at  least,  upon  these  points,  and  the  estimates  by  Scan- 
zoni  are  given,  as  presenting  fair  averages. 

At  the  third  week  the  embryon  is  two  to  three  lines  (4-2  to  6*4  mm.)  in 
length.  This  is  about  the  earliest  period  at  which  measurements  have  been 
taken  in  the  normal  state. 

At  the  seventh  week  the  embryon  measures  about  nine  lines  (19*1  mm.). 
Points  of  ossiflcation  have  appeared  in  the  clavicle  and  the  lower  jaw ;  the 
Wolffian  bodies  are  large  ;  the  pedicle  of  the  umbilical  vesicle  is  very  much 
reduced  in  size ;  the  internal  organs  of  generation  have  just  appeared ;  the 
liver  is  of  large  size ;  the  lungs  present  several  lobules. 

At  the  eighth  week  the  embryon  is  ten  to  fifteen  lines  (21*2  to  31*8  mm.) 
in  length.  The  lungs  begin  to  receive  a  small  quantity  of  blood  from  the 
pulmonary  arteries ;  the  external  organs  of  generation  have  appeared,  but  it 
is  difficult  to  determine  the  sex ;  the  abdominal  walls  have  closed  over  in 
front. 

At  the  third  month  the  embryon  is  two  to  two  and  a  half  inches  (50'8 
to  63*5  mm.)  long  and  weighs  about  one  ounce  (28-3  grammes).  The  amni- 
otic fluid  is  then  more  abundant,  in  proportion  to  the  size  of  the  embryon, 
than  at  any  other  period ;  the  umbilical  cord  begins  to  be  twisted ;  the  vari- 
ous glandular  organs  of  the  abdomen  appear ;  the  pupillary  membrane  is 
formed ;  the  limitation  of  the  placenta  has  become  distinct.  At  this  time 
the  upper  part  of  the  embryon  is  relatively  much  larger  than  the  lower 
portion. 

At  the  end  of  the  fourth  month  the  embryon  becomes  the  foetus.  It  is 
then  four  to  five  inches  (10-1  to  12*7  centimetres)  long  and  weighs  about 
five  ounces  (141*7  grammes).  The  muscles  begin  to  show  contractility; 
the  eyes,  mouth  and  nose  are  closed  ;  the  gall-bladder  is  just  developed ;  the 
fontanelles  and  sutures  are  wide. 

At  the  fifth  month  the  foetus  is  nine  to  twelve  inches  (22-8  to  30*5  centi- 
metres) long  and  weighs  five  to  nine  ounces  (141*7  to  255*1  grammes).  The 
hairs  begin  to  appear  on  the  head ;  the  liver  begins  to  secrete  bile,  and  the 
meconium  appears  in  the  intestinal  canal ;  the  amnion  is  in  contact  with  the 
chorion. 

At  the^ixth  month  the  foetus  is  eleven  to  fourteen  inches  (27*9  to  35*5 
centimetres)  long  and  weighs  one  and  a  half  to  two  pounds  (680  to  907 
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grammes).     If  the  UHub  be  delivered  at  this  time,  life  may  continue  for  mf 
few  moments;  the  bones  of  the  head  are  ossified,  but  the  fontanelles  and 
SLitures  are  fitill  wide ;    the  prepuce  has  appeared ;   the  testielets  have  not 
descended. 

At  the  seventh  month  tlie  ftetiis  is  fourteen  to  fifteen  inches  (^i5*5  to  38'1 
centimetres)  long  and  weighs  two  to  three  pounds  (907  to  1,3U1  grammes). 
The  hairs  are  !i>iiger  and  darker;  the  pupillary  membrane  disappeai's,  under- 
going atrophy  from  the  centre  to  the  periphery;  the  relative  quantity  of  the 
amniotic  fluid  is  diminished,  and  the  foetus  is  not  so  free  in  the  cavity  of  the 
uterui* ;  the  foetus  is  now  viable. 

At  the  eighth  mouth,  the  fcetns  is  fifteen  to  sixteen  inches  (*i8'l  to  40'*J 
centimetres  long  and  weighs  three  to  four  pounds  (1,361  to  1,814  grammes). 
Tlie  eyelids  are  opened  and  t!ie  cornea  is  tmnsparent ;  the  pupillary  membrane 
has  disapix*ared  ;  the  left  testicle  has  deseende^l ;  the  umbilicu8  is  at  about  the 
middle  of  the  body,  the  relative  size  of  the  lower  extremities  having  increased. 

At  the  ninth  month  the  fu?tus  is  about  seventeen  inches  (43*2  centimetres) 
long  and  weighs  five  to  six  pounds  (2*27  to  2'7t  kilos).  Both  te^iticles  usu- 
ally have  descended,  but  the  tunic.a  vaginalis  still  communicates  with  the 
pc ri  to n  eal  ca vi  ty . 

At  birth  the  infant  weighs  a  little  more  than  seven  pounds  (3*17  kilos), 
the  usual  range  being  between  four  and  ten  pounds  (1'81  and  4-53  kilos), 
although  these  limits  are  sometimes  exceeded. 

The  position  of  the  fietue,  in  the  great  majority  of  cases,  excluding  ab- 
normal presentations,  is  with  the  hemi  downward.  In  the  early  months  of 
pregnancy  the  ftetus  floats  quite  freely  in  the  amniotic  fluid  ;  and  it  is  prob- 
able that  the  natural  gravitation  of  the  head  and  of  the  upper  part  of  the 
foetus  is  the  determining  cause  of  the  ordinary  |>osition  in  utero. 

The  shape  of  the  uterus  at  full  term  is  ovoid,  the  lower  portion  being  the 
narrower.  The  fuittis  has  the  head  slightly  flexed  upon  the  sternum,  the 
arms  tlexed  upon  the  chest  and  crossed,  the  spinal  column  curved  forward,  the 
thighs  flexe<i  upon  the  alMlomen,  the  legs  slightly  flexed  and  usually  crossed 
in  front,  and  the  feet  flexed  upon  the  legs,  with  their  inner  margin  drawn 
toward  the  tibia.  This  is  the  position  in  which  the  fa4us  is  best  adapted  to 
the  size  of  the  uterine  cavity,  anrl  in  which  the  expulsive  force  of  the  uterus' 
oan  be  most  favorably  exerteil,  both  as  regards  the  feet  us  and  the  generative 
passages  uf  the  mother. 

Mttiliple  Pretjnanrtf. — It  is  not  very  rare  to  observe  two  children  at  a 
birth,  and  cjises  are  on  record  where  there  have  been  four  and  even  five^ 
though  in  these  latter  instances  the  children  generally  survive  but  a  short 
time,  or  as  is  more  common,  abortion  takes  place  during  the  first  mouths. 
Examples  of  three  at  a  birth  have  been  often  observed. 

In  ca^es  of  twins  it  is  an  interesting  question  to  determine  whether  the 
development  always  takes  place  from  two  ova  or  whether  a  single  ovum  may 
be  developed  into  two  beings.  In  the  niaj*irity  of  cases,  twins  are  of  the 
same  sex,  thougfi  sometimes  they  are  male  and  female.  In  some  cases  there 
are  two  lull  sets  of  membranes,  each  foetus  having  its  distinct  decidua,  pla- 
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centa  and  chorion ;  in  others  there  is  a  single  chorion  and  a  double  amnion ; 
but  in  some  both  foetuses  are  enclosed  in  the  same  amnion.  As  a  rule 
the  two  placentae  are  distinct;  but  sometimes  there  is  a  vascular  com- 
munication between  them,  or  what  appears  to  be  a  single  placenta  may 
give  origin  to  two  umbilical  cords.  If  there  be  but  a  single  chorion  and 
amnion  and  a  single  placenta,  it  has  been  thought  that  the  two  beings  are 
developed  from  a  single  ovum ;  otherwise  it  would  be  necessary  to  assume 
that  there  were  originally  two  sets  of  membranes,  which  had  become  fused 
into  one.  The  instances  on  record  of  twins,  one  white  and  the  other  black, 
show  conclusively  that  two  ova  may  be  developed  in  the  uterus  at  the  same 
time.  While  there  can  bo  no  doubt  upon  this  point,  the  question  of  the 
possibility  of  the  development  of  two  beings  from  a  single  ovum  remains  un- 
settled. 

As  pathological  conditions,  extrauterine  pregnancies  occur,  in  which  the 
fecundated  ovum,  forming  its  attachments  in  the  Fallopian  tube  (Fallopian 
pregnancy)  or  within  the  abdominal  cavity  (abdominal  pregnancy),  under- 
goes a  certain  degree  of  development.  The  uterus  usually  enlarges  in  these 
instances  and  forms  an  imperfect  decidua. 

Cause  of  the  First  Cofitractions  of  the  Uterus  in  Normal  Parturition. — 
The  cause  of  the  first  contraction  of  the  uterus  in  normal  parturition  is  un- 
doubtedly referable  to  some  change  in  the  attachment  of  its  contents,  which 
causes  the  foetus  and  its  membranes  to  act  as  a  foreign  body.  When  for  any 
reason  it  is  advisable  to  cause  the  uterus  to  expel  its  contents  before  the  full 
term  of  pregnancy,  the  most  physiological  method  of  bringing  on  the  con- 
tractions of  this  organ  is  to  cautiously  separate  a  portion  of  the  membranes, 
as  is  often  done  by  introducing  an  elastic  catheter  between  the  ovum  and  the 
uterine  wall.  A  certain  time  after  this  operation,  the  uterus  contracts  to 
expel  the  ovum,  which  then  acts  as  a  foreign  body. 

In  the  normal  state,  toward  the  end  of  pregnancy,  the  cells  of  the  decidua 
vera  and  of  that  portion  of  the  placenta  which  is  attached  to  the  uterus 
undergo  fatty  degeneration,  and  in  this  way  there  is  a  gradual  separation  of 
the  outer  membrane,  so  that  the  contents  of  the  uterus  gradually  lose  their 
anatomical  connection  with  the  mother.  W^hen  this  change  has  progressed 
to  a  certain  extent,  the  uterus  begins  to  contract ;  each  contraction  then 
separates  the  membranes  more  and  more,  the  most  dependent  part  pressing 
upon  the  os  internum;  and  the  subsequent  contractions  are  due  to  reflex 
action.  The  first  "  pain  "  is  induced  by  the  presence  of  the  foetus  and  its 
membranes  as  a  foreign  body,  a  mechanism  similar  to  that  which  obtains 
when  premature  labor  has  been  brought  on  by  separation  of  the  membranes. 

According  to  Korner,  there  exists  in  the  spinal  cord,  at  the  site  of  the 
first  and  second  lumbar  vertebrae,  a  reflex  centre  for  parturition.  This,  like 
other  centres  in  the  cord,  is  subordinate  to  a  centre  which  is  situated  in  the 
medulla  oblongata. 

The  mechanism  of  parturition,  although  this  is  entirely  a  physiological 
process,  is  considered  elaborately  in  works  upon  obstetrics.  The  first  con- 
tractions of  the  uterus,  by  pressing  the  bag  of  waters  against  the  os  internum, 
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gradually  tli late  the  cervix;  the  membnines  iii^iially  rapture  when  the  os  is 
pretty  fully  dilated,  and  the  aninioti^  fluid  is  discharged;  the  head  then 
presses  upon  the  outlet;  and  the  uterine  contractions  beeomiug  moi*e  and 
more  vigorous  and  etHrient,  the  child  is  brought  into  the  world,  this  being 
followed  by  the  expulsion  of  the  mcniiiranes  and  placenta.  Tiiere  then  fol- 
lows a  tonic  contraction  of  the  muscular  walls  of  the  uterus,  which  becomes 
a  hard,  globular  mass,  easily  felt  through  the  flaccid,  abdominal  walls.  The 
very  contractions  of  the  muscular  fibres  of  the  uterus  which  expel  the  fuetus 
close  the  vessels  ruptured  by  the  8C|}aration  of  the  placenta  and  arr€»st  the 
haemorrhage  from  the  mother.  The  changes  which  then  take  place  in  the 
respiration  and  the  circulation  of  tlie  infant  liave  been  considered  in  connec- 
tion with  the  development  of  the  circulatory  Bvstem. 

In  mitt  f  ion  of  fhe  l^iertL'^.- — At  four  to  six  days,  and  seldom  later  than 
eight  days  after  parturition,  the  uterus  has  sensibly  advanced  in  the  process 
of  involution ;  and  it  is  then  gradually  reduced  to  the  size  and  structure 
which  it  presents  during  the  non-pregnant  condition,  though  it  never  be»| 
comes  quite  as  small  as  in  the  virgin  state.  The  new  mucmis  membmni 
which  has  been  <ieve loping  during  the  latest  penVxls  of  pregnancy,  becomes 
perfect  at  about  the  end  of  the  second  month  after  deb  very.  It  has  then 
united,  at  the  os  internum,  with  the  mucous  membrane  of  the  neck^  which 
has  not  participated  in  the  formation  of  the  decidua.  The  muscular  fibres, 
after  parturition,  present  granules  and  globules  of  fat  in  their  substance,  and 
are  gradually  reduced  in  size  as  the  uterus  becomes  smaller.  Their  invohi- 
tion  is  complete  at  about  the  end  of  the  second  month.  During  the  first 
month,  and  particularly  within  the  flrst  two  weeks  after  delivery,  there  is  a 
sero-sanguinolent  discharge  from  the  uterus,  which  is  due  to  disintegration 
of  the  blood  and  of  the  remains  of  the  membranes  in  its  cavity,  this  dibris 
being  mixed  with  a  certain  quantity  of  sero-mueous  secretion.  This  di^ 
charge  constitutes  the  lochia.  It  is  at  first  red  but  becomes  paler  as  it  is 
reduced  in  quantity  and  disappears. 

Metoninm. — ^At  about  the  fifth  month  there  is  a  certain  quantity  of 
secretion  in  the  intestinal  canal,  which  becomes  more  abundant,  particularly 
in  the  large  intestine,  as  development  advances.  This  is  rather  light-colored 
or  grayish  in  the  upper  portion  of  tlie  small  intestine,  becoming  yellowish  in 
the  lower  portion,  and  it  is  of  a  tlark*gi*cenish  color  in  the  cohm.  The  dark, 
pasty,  adhesive  matter,  which  is  discharged  from  the  rectum  soon  after  birth, 
is  called  the  meconium. 

The  meconium  appears  to  consist  of  a  thick,  mucous  secretion,  with 
abundant,  grayish  granules,  a  few  fatty  granules,  intestimd  epithelium,  and 
frequently  crystals  of  cholesterine.  The  color  seems  to  be  duo  to  granula- 
tions of  the  coloring  matter  of  the  bile,  but  the  biliary  salts  can  not  be  de- 
tected in  the  meconium,  by  Pettenkofer's  test.  The  constituent  of  the  me- 
conium which  posseifles  tlie  greatest  physiological  im|>ortance,  is  cholesterine. 
Although  but  few  m'stals  of  cholesterine  are  found  upon  microscopii^ 
examination,  the  simplest  processes  for  its  exti'action  will  I'eveal  the  presenc 
of  this  substance  in  large  quantity.     In  a  specimen  of  meconium  in  which  a 
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qoantitatiye  examination  was  made,  the  proportion  of  cholesterine  was  6*245 
parts  per  1,000  (Flint).  The  meconium  contains  cholesterine  and  no  ster- 
corine,  the  stercorine,  in  the  adult, 
resulting  from  a  transformation  of 
cholesterine,  by  the  digestive  fluids, 
which  probably  are  not  secreted  dur- 
ing intrauterine  life. 

None  of  the  secretions  concerned 
in  digestion  appear  to  be  produced 
in  utero,  and  it  is  also  probable  that 
the  true,  biliary  salts  are  not  formed 
at  that  time;  but  the  processes  of 
disassimilation  and  excretion  are 
then  active,  and  the  cholesterine  of 
the  meconium  is  the  product  of  the 
excretory  action  of  the  liver.  The 
relations  of  cholesterine  as  an  ex- 
crementitious  product  have  already 
been  very  fully  discussed,  in  connection  with  the  bile  and  with  excre- 
tion. 

Dextral  Pre-eminence, — Most  persons  by  preference  use  the  right  arm, 
leg,  eye  etc.,  instead  of  the  left ;  but  exceptionally  some  use  the  left  in  pref- 
erence to  the  right.  There  can  be  no  doubt  with  regard  to  the  fact  of  a 
natural,  dextral  pre-eminence ;  and  also,  that  lef t-handedness  is  congenital, 
difficult  if  not  impossible  to  correct  entirely,  and  not  due  simply  to  habit. 
It  would  appear  that  there  must  be  some  condition  of  organization,  which 
produces  dextral  pre-eminence  in  the  great  majority  of  persons,  and  left- 
handedness,  as  an  exception ;  but  what  this  condition  is,  it  is  very  difficult 
to  determine.  An  explanation  which  was  offered  by  anatomists  is  that  the 
right  subclavian  artery  arises  nearer  the  heart  than  the  left,  that  the  right 
arm  is  therefore  better  supplied  with  arterial  blood,  develops  more  fully,  and 
therefore  is  generally  used  in  preference  to  the  left ;  but  the  exceptional  pre- 
dominance of  the  left  hand  can  not  be  explained  in  this  way. 

The  most  important  anatomical  and  pathological  facts  bearing  upon  the 
question  under  consideration  are  the  following :  Boyd  has  shown  that  the 
left  side  of  the  brain  almost  invariably  exceeds  the  right  in  weight,  by  about 
one-eighth  of  an  ounce  (3*5  grammes).  In  aphasia  the  lesion  is  almost  al- 
ways on  the  left  side  of  the  brain.  These  facts  point  to  a  predominance  of 
the  left  side  of  the  brain,  which  presides  over  the  movements  of  the  right 
side  of  the  body.  Again,  a  few  cases  of  aphasia  with  left  hemiplegia,  the 
lesion  being  on  the  right  side  of  the  brain,  have  been  reported  as  occurring 
in  left-handed  persons.  Ogle  gives  several  such  instances,  in  which  the 
bmn-lesion  was  on  the  right  side.  In  two  left-handed  individuals,  the  brain 
was  examined  and  compared  with  the  brain  of  right-handed  persons.  It  was 
found  that  the  brain  was  more  complex  on  the  left  side  in  the  right-handed, 
and  on  the  right  side,  in  the  left-handed.    Bastian  has  found  the  gray  matter 
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of  the  brain  generally  to  be  heavier  on  the  left  than  on  the  right  side.  With 
regard  to  the  cause  of  the  superior  developineot  of  the  left  eide  of  the  braiil, 
the  oidy  explanation  offered  is  the  fact  that  the  arteries  going  to  the  left  side 
usually  are  larger  than  those  on  tho  right.  There  are  no  observations  with 
regard  to  tho  comparative  size  of  the  arteries  upon  the  two  sides  iu  left- 
handed  persons. 

Reasoning  from  the  facts  ju?t  stated,  Ogie  has  as^sumed  that  dextral  pre- 
eminence depends  upon  a  natural  predominance  of  the  left  side  of  the  brain, 
the  reverse  obtaining  in  the  left-handed.  This  view  seems  to  afford  the 
most  rational  explanation  of  dextral  pre-enunenee.  Generally  it  is  true  that 
the  members  on  tlie  right  side  are  stronger  than  the  left,  particularly  the 
arm;  but  this  is  not  always  the  case,  even  in  the  right-handed,  altiiough  the 
right  hand  is  more  conveniently  and  easily  used  than  the  left  In  many 
feats  of  strength,  the  left  arm  appears  less  powerful  than  the  right,  because! 
there  is  less  command  over  the  muscles.  As  regards  the  caus€  of  the  superior 
development  of  the  left  side  of  the  brain,  it  must  be  admitted  that  the  ana- 
tomical explanatitm  is  not  entirely  satisfactory.  It  is  a  fact,  however,  that 
the  two  sides  of  the  brain  generally  are  not  exactly  equal  iu  their  develop- 
ment, the  left  side  usually  being  superior  to  the  right,  und  that  the  muscles 
of  the  right  side  of  the  body  generally  are  used  in  preference  to  those  of  tlie 
left  side. 

Development  after  Birth,  Ages  and  Death. 

When  the  child  is  horn,  the  organs  of  speeiid  sense  and  t!ie  intelligence 
are  dull ;  there  is  then  very  little  muscular  p^wcr ;  and  the  new  being,  for 
several  weeks,  does  little  more  than  eat  and  sleep.  The  natural  food  st  thia 
time  is  the  milk  of  the  mother,  and  the  digestive  flnids  do  not  for  some  time 
possess  the  varied  solvent  pro{>ertiei5  that  are  found  in  the  adult,  though  ub- 
servations  upon  the  secretions  of  the  infant  are  few  and  rather  uuaatisfiic- 
tory»  The  full  activity  of  pulmonary  respiration  is  gradually  and  slowly 
established.  Young  animals  appropriate  a  comparatively  small  quantity  of 
oxygen,  and  just  after  birth  they  present  a  much  gi'eater  power  of  resist- 
ance to  asiphyxia  than  the  adult.  The  |>ower  of  maintaining  the  animal 
temperature  is  also  much  less  in  the  newly-horn.  The  processes  of  ossification, 
development  of  the  teeth  etc.,  have  already  been  desc^ribed.  The  hairs  ar^ 
shed  and  replaced  by  a  new  growth  a  short  time  after  birth.  The  fonta- 
nelles  gradually  diminish  in  size  after  birth,  and  they  are  completely  closed 
at  the  age  of  about  four  years. 

The  period  of  life  which  dates  from  birth  to  the  age  of  two  years  is  calle 
infancy.  At  the  age  of  two  years  the  transition  takes  place  from  infancy 
to  childliuocL  The  child  is  then  able  to  walk  without  assistance,  the  food 
more  variwl  and  the  digestive  oi>erations  are  more  complex.  The  specia 
Benses  and  the  intelligence  become  more  acute,  and  the  being  begins  to  learn 
how  to  express  ideas  in  language.  The  child  gradually  develops,  and  the 
milk-teeth  are  repla^^ed  by  the  permanent  teeth.  At  puberty,  which  begins 
between  the  fourteenth  and  the  seventeenth  vears — a  little  earlier  in 
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female — the  development  of  the  generative  organs  is  attended  with  important 
(^ysi^l  and  moral  changes. 

The  different  ages  recognized  by  physiologists  are  the  following :  Infancy, 
from  birth  to  the  age  of  five  years ;  adolescence,  or  youth,  to  the  twenty-fifth 
year ;  adult  age,  to  the  thirty-fifth  year ;  middle  life,  to  the  fiftieth  year ;  old 
age,  to  the  sixtieth  year ;  and  then,  extreme  old  age.  A  man  may  be  re- 
garded at  his  maximum  of  intellectual  and  physical  development  at  about  the 
age  of  thirty-five,  and  he  begins  to  decline  after  the  sixtieth  year,  although 
this  rule,  as  regards  intellectual  vigor,  has  many  exceptions. 

As  regards  nutrition,  it  may  be  stated  in  general  terms  that  the  appro- 
priation of  new  matter  is  a  little  superior  to  disassimilation,  to  about  the 
age  of  twenty-five  years ;  between  twenty-five  and  forty-five  these  two  pro- 
cesses are  nearly  equal ;  and  at  a  later  period  the  nutrition  does  not  com- 
pletely supply  the  physiological  waste  of  the  tissues,  the  proportion  of  organic 
to  inorganic  matter  gradually  diminishes,  and  death  follows,  as  an  inevitable 
consequence  of  life.  In  old  age  the  muscular  movements  gradually  become 
feeble ;  the  bones  contain  an  excess  of  inorganic  matter ;  the  ligaments  be- 
come stiff ;  the  special  senses  generally  are  somewhat  obtuse ;  and  there  is  a 
diminished  capacity  for  mental  labor,  with  more  or  less  loss  of  memory 
and  of  intellectual  vigor.  It  is  a  curious  fact  that  remote  events  are  more 
clearly  and  easily  recalled  to  the  mind  in  old  age  than  those  of  recent  occur- 
rence ;  and,  indeed,  early  impressions  and  prejudices  then  appear  to  be  un- 
usually strong. 

It  frequently  happens  in  old  age  that  some  organ  essential  to  life  gives 
3iray,  and  that  this  is  the  immediate  cause  of  death,  or  that  an  old  person  is 
stricken  down  by  some  disease  to  which  his  age  renders  him  peculiarly  liable. 
It  is  so  infrequent  to  observe  a  perfectly  physiological  life,  continuing 
throughout  the  successive  ages  of  man,  that  it  is  almost  impossible  to  present 
a  picture  of  physiological  death;  but  it  sometimes  occurs  that  there  is  a 
gradual  fading  away  of  vitality  in  old  persons,  who  die  without  being  affected 
with  any  special  disease.  It  is  also  difficult  to  fix  the  natural  period  of  human 
life.  Some  persons  die,  apparently  of  old  age,  at  seventy,  and  it  is  rare  that 
life  is  preserved  beyond  one  hundred  years.  The  tissues  usually  die  succes- 
sively and  not  simultaneously,  nearly  all  of  them  being  dependent  upon  the 
circulating,  oxygen-carrying  blood,  for  the  maintenance  of  their  physiological 
properties.  It  has  been  demonstrated,  indeed,  that  the  properties  of  tissues 
may  be  restored  for  a  time,  after  apparent  death,  by  the  injection  of  blood 
into  their  vessels. 

After  death  there  often  is  a  discharge  of  the  contents  of  the  rectum  and 
bladder,  and  parturition,  even,  has  been  known  to  take  place.  The  appear- 
ance which  indicates  grow^th  of  the  beard  after  death  is  probably  due  to 
shrinking  of  the  skin  and,  perhaps,  contraction  of  the  smooth  muscular  fibres 
attached  to  the  hair- follicles.  The  most  important  phenomenon,  however, 
which  is  observed  before  putrefaction  begins,  is  a  general  rigidity  of  the  mus- 
cular system. 

Cadaveric  Rifjiditij  {Rigor  Morfifi). — At  a  variable  time  after  death,  usu- 
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ally  five  to  seven  hours,  all  of  the  mTH^icJes  af  the  body,  involuntary  as  well  us 
vohititary,  become  rigid,  and  can  l>e  stretched  only  by  the  application  of  con- J 
Bidenibte  force,  Sometimes,  especially  after  long-con tinneil  and  exhansting'l 
dieeaaes,  this  rigidity  appears  as  soon  as  a  qnarter  of  an  hour  aft^r  death.  In 
the  case  of  persons  killed  suddenly  while  in  fall  health,  it  may  not  he  devel- 
oped until  twenty  or  thirty  liourg  alter  death,  and  it  then  continues  for  six 
or  seYen  days.  Its  average  duration  is  twenty-four  to  thirty -six  hours;  and 
as  a  rule  it  is  more  marked  and  lasts  longer  the  later  it  appears.  In  warm 
weather  cadaveric  rigidity  appears  early  and  continues^  for  a  short  time. 
Wlien  the  eontnietion  is  overcome  by  force,  after  the  rigidity  has  been  com- 
pletely established  and  has  continued  for  some  lime,  it  does  not  reappear. 
The  rigidity  of  the  muscular  system  extends  to  the  muscular  coats  of  the 
arteriea  and  lymphatics.  During  what  may  be  called  the  tirst  stage  the 
muscles  are  etill  excitable;  but  when  the  rigidity  is  complete  their  excita- 
bility is  lost  and  can  not  be  restored.  Cadaveric  rigidity  is  always  preceded  J 
by  loss  of  excitability  of  the  motor  nerves. 

The  rigidity  fii'st  appears  in  the  muscles  which  move  the  lower  jaw.  Then 
it  is  noted  in  the  muscles  of  the  trunk  and  neck,  extends  to  the  arms,  and 
finally  to  the  legs,  disap]>eanng  in  the  same  order  of  succession.  The  stiffen- 
ing of  tlie  muscles  is  *hie  to  a  coagulation  of  their  substance,  analogous  to 
the  coagulation  of  the  blomj,  and  probably  is  attcnde<l  with  some  ghorteuing 
of  the  fibres;  at  all  events,  the  fingers  and  tliuniha  generally  are  flexed. 
That  the  rigidity  is  not  due  to  coagulation  of  the  blood,  is  shown  by  the  fact 
that  it  occurs  in  animals  deatl  from  htTmorrhage. 

According  to  Juhn  Hunter  the  blood  does  not  coagulate  nor  do  the  mus- 
cles become  rigid  in  animals  killetl  by  lightoiog  or  hunted  to  death  ;  but  it  is» 
question  in  these  instances  whether  the  rigidity  does  not  begin  very  soon  after 
death  and  continue  for  a  brief  period,  so  that  it  may  escape  observation.  As 
a  rule  rigidity  is  less  marked  in  very  old  and  in  very  young  persons  than  iu 
the  adult.  It  occurs  in  jiandyzed  muscles,  provided  they  have  not  under- 
gone extensive  fatty  degeneratiom 

Under  ordinary  conditions  of  heat  and  moisture,  as  the  rigidity  of  the 
muscular  system  {Hsapjiears,  tlie  processes  of  putrefaction  begin.  The  vari- 
ous tissues — with  the  exceptiuu  of  certain  parts,  such  as  the  bones  and  teeth, 
which  contain  a  large  proportion  of  inorganic  matter — gradually  decompotse, 
forming  water,  carbon  dioxide,  ammonia  etc*,  whicli  pass  into  the  e^irth  and 
the  atmosphere.  The  products  of  decomposition  of  the  organism  are  then  in 
a  condition  in  which  they  may  be  appropriated  by  the  vegetable  kingdom. 
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power  of  ivslfilance  to,  In  the  newiy^bom. 

1S8,  1G2 


Asphyxia*  phenomena  of . .  1 

influence  of  various  conciiiloun  o(  ihi*  ^»- 

tem  npoD  the  power  of  resistance  to ........ .  1 

A ssocijilwl  movement* £ 

Afitiguuitlt'in »,•.,•..•..•••,«».,  I 

Almoiiplicre,  composirkin  of 1 

Altolleue  iiurfm.,..  w  .♦  ♦.  78t 

Attmhi-nv  aurem 78t 

Audition,  general  cot»Bid<?raliouB. TW 

- — -  topographical  aiiutemy  of  the  parts  cotv- 

nected  with ....,.,  —  730 

physicH  of  sound  i«fs  Sound)  737 

centres  for , TTii 

Andltory  meaiuB,  external. .... T^\ 

development  of ,  8a5 

internal Ti9»  7318 

Auditory  nerves,  physiological  anntomy  of 79 

general  properties  of . . . ,                              .  7^ 

-^^-  PnradiJtation  of 780 

development  of , .  h,'1 

Auditory  vfi«iclcs ^'^'  1 

Auerh»ch*«  plexus.     , '^rj 

Aiiriclcf*  of  the  hf art. SI 

Auriculo-veotriciihir  \iilvc?*.  iicliou  of 43 

Asb  cylinder fi08 

A«yg09  uvuiie.  aH 

Aaygos  velns^  development  of , , .  81S8 

Beats,  a  cause  of  discord 7*7 

Bellini,  tubes  of 301 

Bcrtin,  columns  of ,-,...-,....  839 

Betoin  d*  n^imr ...*......*.....**  1^ 

Bile,  action  of,  In  digestion.... CI 

color,  reaction  and  upecrflc  gravity  of*. 0t 

- —  varini iona  in  the  flow  of ....  fit 

influence  of,  npon  the  fieces  and  upon  the 

tJerlKtttltic  movements  of  the  intestine . ..  WS$ 

inrtiirnce  of.  npon  the  digv*tion  and  ab- 

aor|)tion  of  fnt» — ....  S8t 

abjiorptiou  of  llic  sails  of,  by  the  intestinal 

canal , ...851 

mechanism  of  the  Betretion  and  dischaiig* 

of.........                                 ,...  VB 

— -  quantity  of                             ,..,....  401 

Iiroperties  and  compuHiiiuu  of,  404 

tests  for *H 

BlUuryflsilwJa .  SM 

niiiritlnn  iu  a  case  of , .  ttt 

Biliury  taJta .,,. 104 

Biltrnlnn ..,..,.......».  401 

Bilivertllne I04 

Binocular  vision.  ...  Tit 

fuAton  of  roloTi,  TtO 

Bitlem.  Inrtneiice  of,  u^Km  the  appetite  l«Vi 

"  Black-holt  "of  CalctrtlA ........ n^l 

Bladder,  urinary,  pbyviulo^ical  anatofoj  of....  XiU 

tlrst  appiearance of SM 

BlastotU-rmtc  cells........  ,,......     801 

Bltu^tmlerniic  layem. ......i^.  m 

Bleplmmptosis Mi 

Bli  ml  spot  of  (be  retina. ,, .  008 

BiotHl.  ^*neml  consideratloi^  ] 

eiL tru-^ascnlar  tlssRes ...          , 1 

effects  of  abttraction  and  siibs«queDt  n^ 

turn  of..... t 

transf  uskm  of i**. »*••*«*  t 
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Blood,  quantity  of 2 

opacity  of 8 

odor  of,  and  development  of  odor  of,  by 

aulpharic  acid 8 

taste  of 8 

reaction  of 4 

apeciflc  gravity  of 4 

temperatore  of 4 

color  of 4 

variations  in  the  color  of,  in  the  vascular 

system 4 

color  of,  in  veins  coming  from  glands 6 

anatomical  elements  (corpuscles)  of 5 

red  corpuscles  of 6 

relations  of  the  size  of  the  red  corpuscles 

of,  to  muscular  activity  in  different  animals. .  8 

enumeration  of  red  corpuscles  of 8 

post-mortem  changes  in  the  red  corpuscles 

of 9 

structure  of  the  red  corpuscles  of 10 

development  of  the  red  corpuscles  of. .  10,  834 

relations  of  leucocytes  to  the  development 

of  the  red  corpuscles  of 10 

theory  of  destruction  of  the  red  corpuscles 

of,  for  the  production  of  pigment 11 

relations  of  the  spleen  to  the  blood-cor- 

•     puscles 11,  418 

uses  of  the  red  corpuscles  of 11 

capacity  of  the  red  corpuscles  of,  for  the 

absorption  of  oxygen,  as  compared  with  the 

plasma 12,  151 

action  of  the  red  corpuscles  of,  as  respira- 
tory organs  12,  151 

leucocytes,  or  white  corpuscles  of 12 

situations  in  which  leucocytes  are  found . .  12 

appearance  and  characters  of  leucocytes . .  13 

variations  in  the  proportion  of  leucocytes  13 

development  of  leucocytes 14 

proportion  of  leucocytes  in  the  blood  of 

the  splenic  veins 14 

uses  of  leucocytes  of 15 

plaques 15 

composition  of  the  red  corpuscles  of 16 

composition  of  the  blood-plasma 17 

coloring  matter  of 17 

uses  of  water  in 20 

uses  of  sodium  chloride  in 21 

uses  of  other  inorganic  salts  in 21 

organic  saline  constituents  of 21 

organic  non-nitrogenized  constituents  of..  21 

excrementitious  constituents  of 21 

fats  and  sugars  in 21 

organic  nitrogenized  constituents  of 22 

plasmine,  fibrin,  metalbumen  and  serine  in  22 

peptones  in 23 

coloring  matter  of  the  plasma  of 23 

coagulation  of 23 

albuminates  in 23 

conditions  which  modify  coagulation  of, 

out  of  the  body 25 

coagulation  of,  in  the  organism 23 

coagulation  of,  in  animals  killed  by  light- 
ning or  hunted  to  death 25.  850 

office  of  the  coagulation  of,  In  the  arrest  of 

hemorrhage 26 

cause  of  the  coagulation  of 27 
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Blood,  action  of  leucocytes  in  coagulation  of . .    27 
——non-coagulation  of,  when  drawn  by  the 

leech 28 

fibrillation  of  fibrin  in  coagulation  of 28 

non-coaguUitlon  of,  in  the  renal  and  he- 
patic veins  and  in  the  capillaries 29 

circulation  of  {Me  Circulation) 29 

changes  in,  in  respiration  {see  Respiration)  135 

difference  in  color  between  arterial  and 

venous 150 

absorption  of  oxygen  by  the  red  corpuscles 

of 12,  151 

gases  of 151 

condition  of  the  gases  in 155 

general  differences  in  the  composition  of 

arterial  and  venous 154,  155 

sources  of  carbon  dioxide  of 157 

Blood-corpuscles,  development  of,  in  the  ovum  834 
Blood-vessels,  first  formation  of,  in  the  blasto- 
dermic layers 834 

Bones,  anatomy  of 481 

regeneration  of,  by  transplantation  of  peri- 
osteum    485 

Bone-corpuscles 483 

Botal,  foramen  of 838,  841 

Bowman,  capsule  of 362 

Brain,  circulation  in 101,588 

contraction  and  expansion  of,  with  the  sets 

of  respiration 102,  588 

peculiarity  of  the  small  vessels  of 275,  588 

lymphatics  of 275,  588 

variations  in  the  quantity  of  blood  in 588 

ganglia  of 601 

weight  of  different  parts  of 602 

difference  in  the  weight  of,  in  the  sexes. . .  603 

differences  in  the  weight  of,  at  different 

ages 603 

specific  gravity  of 603 

fissures  and  convolutions  of 604 

basal  ganglia  of 606 

directions  of  the  fibres  in 610 

rolling  and  turning  movements  following 

injury  of  certain  parts  of 688 

development  of ftJO 

Branchial  arches 837 

Bread 185 

Breschet,  perilymph  and  endolymph  of  759 

Bronchia Ill 

mucous  glands  of 113 

development  of 825 

Bronchial  arteries 115 

Brunner,  glands  of 285 

Buccal  glands 197 

Bulb  {itee  mt^ulla  oblongata) 627 

Burdach,  columns  of 5fW 

Butter 186,  336 

Cadaveric  rigidity 850 

C«cum : 2.*^ 

development  of 823 

Caffeine 180 

Calcium  oxalate  in  the  urine 883 

Calcium  phosphate,  uses  of,  in  alimentation... .  175 

Calcutta,  "  black  hole  "of 163 

Canals  of  Cuvier 837 

Cane-sugar 171 


854 


mSEOL 


TAQlt 

CDpillaHpfl.  ctrctilttiion  in  .««.«.«..».......,...    78 

physiological  ADatomy  gf .. . . » , , .    70 

Rtomau  in  the  wflll*  of.  * , . .    79 

fiixeof 70 

-capacity  of  Iht- B)-i8tem  of.. .**_.**..... 81 

. coiirsu  of  blotjd  Ui ♦  ,...   ...    81 

^tudjr  of  the  ciicuJjitioii  la»  wllti  the  tuJcro* 

Bcope. —  ....,,.,_..  ,... 81 

"Btili  layer"  in.   ,   8* 

el>rci]tatioti  in.  in  th9  Jung». , 84 

* —  prei*s»iire  of  btocMl  in .,.,.*.    84 

rnpidUy  of  ihe  flow  of  blood  in .......... .    8& 

^ —  relaUoti«  of  the  circulalion  in,  to  mfiLn- 

tioQ ..,.. 69 

^^ CAtt^etor  theclrcuUtiontn.. ..,.,. 81 

Infl  < jcncc  of  turn  perature  apon , . . , .    87 

Capriliue , , , 99i 

Caprine , » 898 

I  Caprotne * , 888 

l'Cii|ifiicuniu ,....,., ,.,..,*i  „.*.....  181 

LCapiit  toti. , ...►. 8S8 

Cjtrbuhydrfttca. ........._.,..,  ..„„,..  170;  488 

Curboo,  ijiiaiiiity  of,  nece«i«iU7  to  outtiUotl IK* 

Carbontttcs  in  ibe  body ,  43S,  488 

Carbon  dioxide^  $>mitll  proportion  of,  in  the  air  I8& 
— »  ivlatioim  of  tint  coiitiomplioii  of  oxygen  to 

the  prtKlmctioTi of 140 

— —  exliaiation  of « in  re«piration  (*iie  BcfpUn* 

tion)...._. .... HO 

Mn»rce«  of.  iii  tliL-  explrvd  air. W8 

aiialvfiii^  of  ihi>  blood  for ,..  ISI 

proixirtioij  of.  Ill  th«  blood* 154 

coudiliof]  ol,  ill  ibu  blood ..,..,,..,,. .^ . - ,  155 

action  nf  feyodluiii  pho«iphat#<  upon  the  capa- 
city of  filMurptiou  of,  hy  the  blond.. 1&& 

sources  of ^  in  the  b]i»od _ .  IBT 

effects  of  accuinuiution  of,  in  the  atmoi^ 

phere .._,,,,   .  _. 168 

Carbon  monoxide,  effects  of . , . , 188,  IM 

n«e  of,  in  auaiynia  of  the  blood  for  oxygen  ISsi 

Cardiac  nen-ie-ctfotrea............. 88,  !5K 

Cardtnai  veins 837 

CardloHTaph ....,,,...    41 

Cardlonicter 75f 

Cftrotidfl,  devclojjowjiil  of. 837 

Cartilage , . .*  488 

of  Meclccl mi&r 

Curuncula  iacryii^i><-- ,.  797 

Coiwino 171).  33IV 

vegetable ....,.,,.... 170 

Cnf  pcT  Hauser,  case  of 714 

Catelectrotonns 585 

Cauda  equina.. , .-..680 

Cd)ulo(t<' 178 

Cement  of  the  tt»eth 1!W 

Ccpiiaio  rochidian  8nid *.......  lOli  888 

Cerebvlluiu.  w'el(fbt  of , .    881 

phy«iiolo^ical  anatomy  of 888 

-^- course  of  the  fibn^ft  In.. . ., . .,  884 

extirpation  of,  in  animaJrt 884 

— -  influence  of.  upon  nuiwutar  co-ordination  085 
recovery  of  cn-orditiating  power  after  re- 

mo%'al  of  a  portion  of 623 

pHthulogrirul  fartii  bfuriug^  u|;»on  the  tisei^  of  025 

- —  connection  of,  with  the  generative  fnnc- 

tloD.....,..,...,.. 688 


Cerebellum,  development  of..  818,  810 

Cerebral  locailjeation 611 

Cerebral  vcmIcIi^,  formation  of  H19 

Cerebrine , . , , . ,  t^ 

Ccivbn>Kpina)  axis,  gencniJ  arnuig«iD«m  of....  888 

Cerebro-«pInjtl  flnid , , . , 101,  Sfll 

C«febnim,  weight  of, f(/M 

cortical  substance  of 008 

Aasufet  and  convolntion#  of,  «iQi| 

gvneiBt  properties  of «I18 

motor  corticu)  none  of . ,  IMH 

motor  centres  in tili 

— ^  »ena4jry  centre*  in lilfl 

general  u»es  of ,..,,._.,.. ,  A18 

extirpation  of,  in  animals.^  ....„,,.,.,,..  817 

— —  absence  of.  in  the  nmpiiioxui*  Isnceolatns..  017 
tx^mparaLtve  deveiopuient  of.  In  the  lower 

afiimahi.., 618 

^ eomiiaiiitlve  development  of,  in  different 

races  of  men  and  in  'different  individuala. ...  819 
^ —  pathnlo^cal  facta  bearinf  mpou  the  uses  of  880 

in  Idiote......... 888 

OBBtrn  in,  for  iba  caiprewioii  at  kkaa  in 

dtTH-lfCTt  of nag^  888 

—  dev«lop«i«iit  of  the  convolutions  laf ...... ,  Mi 

development  of  ibe  %enlricies  of  . .  BIO 

Ccrnmpn , Mi 

Ccruminnits  irlanda... —..«,,.. WH 

Chick,  development  of *...«,.,,.  814 

Cbildbood. _ ,  848 

Chlorides  in  the  body..  438,  487 

Chixoiate tm 

Chole^terine ,,,...    ,    ....  8S8 

transformation  of.  Into  stercorine, . .      tltm,  Mff 

—  in  ibebile.. 109 

origin  of 408 

rlimiaation  of,  by  tiieH^er 400 

projic>nion  of,  in  Ebe  blood  in  cases  of  gnve 

«0c|of  fiimple  jctenis 487 

proportion  of,  in  the  blood  In  ewcs  of  di* 

rhosis ,,.....,,,. 4I0T 

t»oJsoninir  by  injection  of,  into  the  blood..  408 

riiolestiTieinia .  ......    408 

Chondrine .  480,  488 

Chondropiasts. ........ 480 

Chordii  dorealis........... , ...  815 

Chorda  lympani 808 

iniluence  of,  upon  gustation ^L  884 

Chorrls  in  mui^ic ..,.,.....,_  745 

Chorion  of  thti  ovnni.  formation  of  SJO 

disappearance  of  villi  from  a  portion  of  808,  811 

Choroid , ..,....,.-.. 878 

Chromatie  sb4'TTAtion .     . .  .  .  . .  886 

Chyle,  propertif^  and  composition  of  ... .  899. 801 

coA^tilatiou  of ,,,,,,  .  808 

comparison  of  eonetltoenta  of,  n-itb  those 

of  ty tnph 8Qt 

— -  micmwoplcai  characters  of . .  308 

movement  of  {Mtt  Lymph)  108 

Cilia 181 

Cilia  (eyelashes^... 34 

Ciliary  ganglion  fTt7 

Cillsry  movcnicni-  401 

Ciliary  mmscle. , , ..,.,,,....  t577 

Ciliary  nerves  ^short) ....  ^. , .•„,,. .  50 
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ciliary  proce«8es UTT 

Cilio-splnal  centres 707 

Circolation  of  the  blood » 

discovery  of 89 

vrtion  oT  the  heart  in  (Me  Heart) 8S 

effecU  of  section  of  the  pneamogastrlcs 

npon 66 

effects  of  Faradizing  the  pneumogastrics 

or  their  branches  upon 56 

reflex  inflacnce  upon,  throngh  the  pneu- 
mogastrics      56 

in  (he  arteries  («m  Arteries) 60 

depressor-nerve  of 75,  680 

in  the  capillaries  (aee  CapUlavies) 78 

in  the  veins  (sm  Veins) 87 

in  the  cranial  cavity 101 

in  erectile  tissues 102 

derivative 108 

pulmonary 108 

in  the  walls  of  the  heart 101 

passa^  of  the  blood-corpuscles  through  the 

wa^s  of  the  vessels 104 

general  rapidity  of 106 

relations  of  the  frequency  of  the  heart's  ac- 
tion to  the  rapidity  of 106 

phenomena  of,  after  death 107 

first  appearance  of,  in  the  ovum 835 

foetal  (tee  Foetal  circulation) 839 

Circulatory  apparatus,  development  of 834 

Circumfiexus,  or  tensor  palati  muscle 735 

Clanstrum 607 

Cleft  palate 8« 

Climate,  influence  of,  npon  the  diet 184 

Clitoris 777 

Cloaca 822,  834 

Clot  of  blood  (gee  Blood) 24 

Coagulation  of  the  blood  {eee  Blood) 28 

Coccyx,  consolidation  of 817 

Cochlea,  bony 788 

membranous 756 

membrana  basilaris  of 757 

membrana  tectoria  (membrane  of  Corti)  of  757 

membrane  of  KeiHsner  of 757 

scala  tympani  and  scala  vestibuli  of 758 

the  tnie  membranous 758 

limbus  laminae  spiralis  of 750 

quadrilateral  canal  of 7S0 

distribution  of  the  nerves  in 7B0 

uses  of,  in  audition 788 

Cocoa 180 

Coffee 178 

composition  of 179 

influence  of,  upon  nutrition.... 179 

Coitus 793 

influence  of,  upon  the  rupture  of  the  Graa- 

flan  follicles 779 

action  of  the  male  in 794 

-J —  action  of  the  female  in 794 

action  of  the  cervix  and  os  uteri  in 795 

Colloids 438 

Colon 258 

development  of ft23 

Color-blindness 728 

Colors 092 

perception  of 728 

Colostrum. 338 
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Coloatrnm,  relations  of  the  subsequent  secre- 
tion of  milk  to  the  quantity  of 899 

Colostmm-corpnscles 838 

Complemental  air. 181 

Concha  of  the  ear 780 

Condiments 181 

Conjunctiva 7S6 

Connective  tissue 468 

development  of 884 

Consonance 747 

Consonants 606 

Contractility 4W 

Co-ordination  of  muscular  movements,  connec< 
tion  of  the  posterior  white  columns  of  the 

spinal  cord  with 606 

connection  of  the  cerebellum  with  (eee  Cere- 
bellum)   685 

Corium  {tee  Skin) 848 

Cornea 675 

development  of 821 

Corpora  striata 606 

development  of 820 

Corpus  Highmorlannm 785 

Corpus  innominatum  (organ  of  Giraldds), 788 

Corpus  lutenm 788 

Corpus  trigonom 371 

Correlation  and  conservation  of  forces 457 

Corti,  ganglion  of 760 

organ  of 760 

uses  of  the  organ  of 763 

Cotugno,  humor  of 750 

Coughing....  129 

Cowper,  glands  of 789 

Cranial  ncr\'cs 689 

clisslflcation  of 540 

Cranlnm,  circulation  in 101 

development  of 817 

Cream 334 

Creatine 388 

Creatinine 883 

Cremaster  muscle 785 

Cresol,  in  the  feeces 264 

Cretinism 422 

Crico-arytcuoid  mnscles 489 

posterior 489 

lateral 490 

Crico-thyroid  muscles 490 

Crura  cerebri 608 

Cnisto 609 

Crystalline  (organic  substance  of  the  lens) 439 

Crystalline  lens.  685 

suspensory  ligament  of 687 

refraction  by 703 

changes  of,  in  accommodation 709 

development  of S21 

Cumulus  proligerus 770,  777 

Curling  arteries  of  the  placenta 812 

Cuticle  (see  Skin) 844 

Cutis  vera  (fee  Skin) 343 

Cuvier.  canals  of 837 

Cjranosis  neonatorum 811 

Cystine 384 

Cytoblastions 844 

Dacryoline 728 

Dartos 785 
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Death ,  4*4,  «SS,  &#8 

-^  phtnifjni*  iiii  in  the  circnlatoiy  system  after.  107 

' discharge  of  coiit<>riti)  of  Uie  bUddcr  and 

rectum  after , 810 

apparent  growth  ot  the  beard  after. ..,,.,.  649 

' — psrtu  rid  on  after.,. «   ..  .........*...,....  MB 

De^ridfta  vera. * 610 

reflexa ^ ..., , 810 

st'rotioa  , . . 810 

Bt'C iduBB,  fomuitioQ  of. .*......,,♦, ^i  ^ . . .  610 

Dcfwcation .*,...... 9m 

centre  for , 2Tt>,  Wi 

Deffenetatfofi,  aeccmdary.  In  the  cOfd. .  508«  fiOS,  iXH 

Degltiiitloti..... Ill,  fOS 

influence  of  the  saliva  upon 301 

action  of  the  tongue  in, ,....,  900 

- —  phytiiological  auatomy  of  the  parta  con- 
cerned in ,,..9M 

-^  mecbaniam  of . . , , SOB 

tiixtpericKiof.. 906 

in  cascfi  of  absence  of  the  too^e  . , IKMt 

eecotid  period  of .   . . ..,._.,,_  ......  807 

action  of  the  conjKtricton  of  the  pharytii 

in  the  t»ccnud  pericjd  of .,..._ _ ,  a07 

protcclion  of  the  po»t4?riuf  iiare«  during. ..  807 

protection  of  the  opeoini;  of  tbc  iaryxix 

durmg...,. .„,..„,,.*.      SOS 

action  of  the  cplgJottUi  in.... «.«, Ill,  208 

inrtuencL*  of  the  (K-mibiUty  of  Ihe  top  of 

the  larynx  in  pratecliui^  the  ojjeiiing  during..  206 

^—  third  period  of 909 

action  of  the  criHiphAjriif  in 200 

)eii|<th  of  lime  occupied  in.**,,,.. ,,,,,...  SOO 

~  character  of  the  rao\  emeuta  of . , 810 

in  the  mverted  posture. ^  810 

— -  of  air. , , 210 

influence  of  the  amali  root  of  the  fifth 

nerve  upon.. ., ., 550 

—  intlucuce  of  the  apiual  acceaaorjr  oervea 
Hjwn ..........  »D0 

— ^  Influence  of  the  fnhllnjintfll  nervtK  upon. , .  50.1 

Influence  of  tlie  trifacial  uiwn , .  560 

influence  of  the  BuporiorlaryngeoJ  branches 

of  the  pneiimogiialricp  u|>on.  aey,  570 

I>e moil! r*,  meiu bran e  of... ,  9i5 

Bfnial^  (dtvi»lun  of  cou»onant»).,...,.. fiOS 

Deiuine 180 

BepresMjr-nerve  of  the  clrctilation. 75,  5WJ 

BeTivtttive  circulation lOtI 

Descemet.  membrane  of. 675 

Bex-elopment  after  birth , 618 

Dcxtral  pre-etntnenoe. ,,.,♦♦ ... .,..** , 647 

Dextrine ..^ I7«,  901 

DiabeleB,  artiflcial ,-»*•.....»»...  411 

Diapede*!*... ..,.,.. ........»♦.«*...-..  104 

Biaphragra ..»..i  #......  118 

action  of.  In  ini^plration •,••-, 116 

development  of .   . . , . 8M 

Diaphra^uiHc  hcmin  cougeoltiU 894 

I>icmtf«m  rtf  the  pu]^ ,.,  ...^.,,..,.     61 

Diet  (***  Food} ............  14tt 

n'^nlation  of.  in  hovpitnlm,  etc. . ...  161 

mtlnence   of,  u|>on    the  development  of 

power  and  endnnince 168 

variations  in.  in  dilTurent  climAtea., 164 

—  in  arctic  reifious. , 164 


Digestion.,.  

action  of  the  t^ultviii  m  {S':i  Sulivii) 

- — action  of  ihc  tfOAtric  juice  in  (««#  Oaatrlc 

JKice}..  .  .- ..,  ^m 

-—duration  of.  in  the  utomach.,,  '^ 

^^  conditions  which  influence. 291 

In  the  small  intefitint ...  SS9 

action  of  the  Inteetiual  juice  in  («•»  Intca- 

llnal  juice). 949 

action  of  the  pancreatic  Juice  In  (a##  Pan- 
creatic jnlcej .........  — if? 

action  of  the  bile  in  (tee  Bile) .  ^>1 

DigcrtSve  fluids  In  the  fa*tu#. .  >*^ 

Dilator  tubju  mnacle 71ft 

Diphthong , 5*H 

DiNisBimJlfttion  0»m  Urine,  F^cea,  8 west  and 

Excretion) 496 

Di**cords  , , . . . , ..    746 

Dii^cue  proligertia 770*777 

Doraal  phitea ...  614 

Drenma .   .618 

Drinking,  oiechaulam of... 166 

Ductlcea  gUinds. ..»..i.*..,i*. 419 

Ductus  artcrloaaa 836,  fMl 

cloaure  of . . . , ...  641 

— ^  venosoa ....,  t«8.  649 

Duodenum.... 2,li 

glanda  of 'J^ 

Dura  niatcr. :rf7 

flrot  appcamuce  of sl8 

Ear.  glands  of . 499,  791 

UMS  of  the  hairs  at  the  op<min|p  of. 936 

^^  disease  of  tbe  semicircular  canaht  of. .  696,  768 

Ear,  eztcmaL 790 

muacleaof.., ♦..*.-..••*.,.,. 791 

^  U#CS  of .^    ,..i,«;.s...4iii......   746*    lOi 

Ear.  middle,  fieneral  arrangement  of  tlH*  p«rta 

iu 7W 

— -  arrangement  of  the  o*«lcle«  of. , 799 

development  of ...,..- &il,  B& 

Enr.  internal,  physiological  anatomy  of ....... .  795 

litjnidis  of. 799 

distribution  of  the  nerves  in 78§ 

^^  hair-cells  of.......... ...799 

ii«?«  of  different  parts  of ,  791 

development  of . , , ,  —  691 

EuK'B   .'.'.'.'  ^'--  -^.^  >« 

Ejacnlutnry  dncts —  769 

Elastic  tiesne ,*.,.  ....  4«t 

Elastine. 480 

Electricity,  action  of.  upon  the  ner\ea,    .......  C89 

'^ —  aetiim  of  descending  and  aMreniling  Ciar> 

rent*  of,  npon  tHe  nerve*  (law  of  contrartion)  899 
action  of  a  confiant  current  of,  upcm  the 

nervea 5219*999 

Electrotonns...... «^i*..  --.^  989 

of  musclea.. ....  59T 

Kmbryou . Ot 

time  when  it  become*  Ibe  fo?tua..  ....  619 

— -  *i«e.  weight,  and  developmei*!  of,  atdJJI^ 

ent  periods  of  ntcrogt'*iUitiou , , . . .  649 

Embryon  ic  spot §(H 

KmLilfifleation  of  fats  174 

Enamel  of  the  teeth ,.  .- , 169 

£nAmeI*offKan ;.«  W 
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Encephalon  (Me  Brain) 601 

development  of 8a0 

End-bulbs 616 

Bndoourdiom 88 

Bndoljmph  of  the  labyrinth 769 

Bndoamometer 898 

Endoemoeis 298 

Bndotheliom 808 

SpiblaBt 808,  814 

'Epidermis  (#<*  Skin) 844 

first  appearance  of 818 

Epididymis 785,  787 

development  of,  from  a  portion  of  the 

Wolffian  body 838 

Epiglottis,  uses  of,  in  deglutition Ill,  808 

cases  of  loss  of Ill,  808 

action  of,  in  deglutition Ill 

removal  of,  from  the  lower  animals Ill 

cases  of  loss  of,  in  the  human  subject Ill 

development  of 887 

Epithelium,  glandular 310 

pavement,   mucous   membranes    covered 

with 816 

columnar,  or  conoidal,  mucous  membranes 

covered  with 317 

ciliated,  mucous  membranes  covered  with.  817 

mixed,  mucous  membranes  covered  with. .  318 

influence    of,    upon    the    absorption    of 

venoms 880 

Equilibrium  of  the  body  in  nutrition 480,  453 

Erectile  organs,  stnicture  of 108,  794 

tissues,  circulation  in 102,  7W 

Erection,  mechanism  of 794 

Erection  of  the  penis 791 

nerve  of 794 

Erection-centre 601,  T9i 

Eructation 888 

Eustachian  tube 734 

mnscular  action  in  dilatation  of 735 

development  of 836 

Eustachian  valve 84,  838,  Ml 

disappearance  of 34,  841 

Excrementitious   matters,   mechanism  of  the 

production  of  {see  Excretion) 341 

Excretine 864 

Excretion,  distinction  of,  from  secretion. 

807,  811,  341 

mechanism  of 811,  341 

general  considerations 341 

Excretoleic  acid. 864 

Excretory  action  of  the  liver 405 

Exercise,  influence  of,  upon  the  development  of 

parte 448 

Exosmosis 298 

Expiration 123 

action  of  the  elasticity  of  the  parenchyma 

of  the  lungs  in 123 

action  of  the  elasticity  of  the  thoracic  walls 

in   183 

table  of  muscles  of 124 

action  of  the  abdominal  muscles  in 125 

relations  of,  to  inspiration 128 

duration  of 128 

Expression,  nerve  of  {see  Facial  nerve) 650 

External  capsule 607 

Eye,  physiological  anatomy  of 674 


PAOB 

Eye,  chambers  of  688 

summary  of  the  anatomy  of  the  globe  of . .  680 

refraction  in  ({see  Vision) 690 

considered  as  an  optical  instrument 691 

simple  schematic 703 

movements  of 718 

muscles  of 718 

protrusion  and  retraction  of,  by  mnscular 

action 719 

action  of  the  recti  muscles  of 720 

action  of  the  oblique  muscles  of 780 

associated  action  of  the  muscles  of 721 

parte  for  the  protection  of 788 

development  of 821 

Eyebrows 853,  724 

Eyelashes 853,  724 

Eyelids 724 

glands  of 323,  724 

muscles  of 726 

development  of 881 

time  of  separation  of,  in  the  foetus 881 

Face,  development  of 885 

Facial  angle 619 

Facial  nerve 550 

decussation  of  the  roots  of 550 

general  properties  of 553 

uses  of  the  branches  of,  given  off  within 

the  aqueduct  of  Fallopius 653 

influence  of,  upon  the  movemente  of  the 

palate  and  uvula 654 

uses  of  the  external  branches  of 655 

influence  of,  upon  mastication,  through  the 

buccinator  muscle 557 

Faeces,  Influence  of  the  bile  upon 258 

constltueute  of 864 

bacterlaof 264 

Fallopian  pregnancy 845 

Fallopian  tubes 775 

development  of,  from  the  ducte  of  M Oiler.  831 

Falsetto-register 497 

Fate,  composition  of 178, 174 

saponification  of 174 

emulsification  of 174 

absorption  of  (fee  Absorption) 288 

relations  of,  to  nutrition 440 

formation  and  deposition  of 440 

anatomy  of  adipose  tissue 442 

Fatty  degeneration 441 

Fatty  diarrhoea,  cases  of 280 

Fauces,  pillars  of 808 

isthmus  of 208 

Fecundation,  situation  of 795,  799 

time  when  it  is  most  likely  to  occur 795 

mechanism  of 796 

Fecundity,  limite  of,  as  regards  age 780 

Fenestra  ovalis 732.  736 

Fenestra  rotunda 732,  786 

Ferrein,  pyramids  of 350,  361 

Fibrin 22 

of  the  clot 84 

formation  of,  by  decomposition  of  plas- 

mlne 87 

fibrillation  of,  In  coagulation 29 

Fibrin-factors 27 

Fibrin-ferment 27 
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Fibrinogea , ......SB.  S7 

Fibrinoplaftlc  matter ,  iQ.  27 

Fibro-cnrtllAgc  *,,.*.,.,.....,.,. 487 

Fifrh  cranial  nerre.  f^mdl  root  of  (,i««  MMlic»- 
tiow,  oefve  of)  ,  547 

—  large  root  of ,  ........,,  804 

ph jf^ialoj^ical  anatuniy  of  ,,..  664 

—  brancliL**  of , . , , .  . ,,  5(15 

propcrtiee  aiid  ofce  of  » , ...,,.  506 

o|^»enition  for  tho  division  of,  within  the 

crtttiki  cavity fiflB 

Immfdlatc- I'ffecU  of  division  of.,. 508 

influtDce  of ,,  tif»on  dt-glutition 500 

nrmotc  crffcctft  of  diviitioii  of STO 

dlHerent  remou*  efTfctn  of  division  of,  be- 

foiv  and  beliind  the  ganglion  of  Gn»WT S71 

- —  relation*  of,  to  ihe ? jmpatlietic  ey^tcm  ...  ftTl 

caaea  of  paratysia  of,  in  the  hnman  aub* 

Je^t ., 578 

Filiim  termlimle 580 

Flavnm , ,....,  Ik» 

Ftiftat  drcnlatloii. «...,. .,..,...-...,. 639 

^ —  change  of,  into  the  adrtlt  ctrenJatioti Bit 

Fa'toft,  hlood-coqiaHclt*  of , , 10 

retpiralory  elTorUi  by, ,„  101,  8S6i 

urine  or _........**..... 300 

dcte^iiiiitiou  of  theaexof TS>7 

ififlaLnce  of  thi.'  maternal  mind  apoo  Ihe 

developiiRtnt  of . , .,,,...,..., TUB 

at  the  Hftb  mr>nlh,  . . , 808 

time  wluni  tbli^  iiuine  ia  applied  lotbe  prod- 
uct of  fecundation .4,»^,.  81ft 

reflex  movements  in   .. — ses 

reepinUory  efTorta  by..... ..*..  8iS 

dijfe«tivo  flnidf  in........  ...,. 8M 

aize,  wel|{ht.  and  developcnent  of ,  «t  dilfer- 

tnt  petiodif  of  utero-gcstation 8i8 

■~  when  vjjihle. 844 

weight  of ,  at  term ,,.... * 8*4 

poftitiun  of.  In  tbc  utema 644 

Food,  drfl  nit  ion  of 109 

—  clujtHiflcaLion  of ..,.,. , .^.►,.,  IQB 

■^^  nitrogenix^  constitnenta  of. 109 

—  aiilmft] ..,..170 

- —  vegetable .....,,.. ITO 

- —  nan-nilrogenlzec!  constituents  of. ... .   , . . .  ITO 

inorganic  eofisiitncnta  of. .........  ......  174 

qnantity  and  variety  of,  neceaaary  to  nn- 

trilion ,  181,  IBS 

regtilation  of.  in  bospltai*.  etc. 188 

- —  ifillni'nec  of,  upon  the  capacity  for  LatMjr. .  183 

— — *  neccsiiitty  of  a  varied  diet. 184 

- —  iaflueDce  of  cUimitt}  and  seiuioii  upon  the 

qoBnlity  of .... 184 

indniukcr  npiin  nutrition  of  ainglc  artlcloi 

of.  w  ben  taketi  akuie  ,,*.....  ^ ».,.. , 187 

heat  valrie  of ...*.,,„,*....,. 4S4 

F*Kit  ponncl... ,,, 444,  458 

Foramen  ovale ..,,, «,  838,  841 

eloRure  of ........  841 

Force,  relntionf  of  heat  to ..........  457 

Fourth  ventricle » . . .  ^»^  080 

Fovea  card iocA..  . ,. 890 

- —  centnitia.. , 881 

Fretsmariin... 7BU  709 

Promann,  linea  of 508 


Frontal 
face. . . 


raau 
the  defetofMDent  of  tlie 


Oalactoi« 

GaU-Ma<lder. 

development  €>f 

Qaeea  of  the  blood. ... , .  

in  the  blood  in  different  pArta  of  the  »y*lnn 

Gaaea  in  the  body 

Gaaecr.  ganglion  of.  ^^^•» 

GaatermM;.. 

Gaatrfc  A.^^lnla  in  the  lower  animali^ 

in  the  human  subject. ,.  ., 

Goatric  juice 

mode  of  collccling •..,** .-, 

—  aecftrtlon  of....... ...*..._-...i..-*.. 

artiflctal....... ,.., 

modirieatlonA  of  Che  tccrctfon  of 

^qiiatittty  of.. 

pmpcrt  >pR  «nd  composition  of _ 

- — anti^t'ptic  pmiM.Ttji'*  of... jttO^ 

table  of  eompotjittion  of.. ...   ,.,,.„_,,,_ 

organic  constituent  of.. . 

source  of  the  acidity  of.. 

ordinary  saline  couAtittient?  of  

—  action  of,  In  digeation. ,. 

Gelatine, .,,.,......,., 

French  committee  on 

Gelatine  of  Wbarloii   ...   , 

Geiierallon ..^. ... ... 

—  apontaneotts . » 

aexual,..  .,.,. ,.. ......*.► 

female  orgaof  of.. .* 

male  organs  of . . , 

development  of  the  internal  organ*  of..... 

- —  development  of  the  eatertiul  orgaua  of .... 

Qenicututv  ganglion.... 

Qent to-spinal  centre , . .  873^ 

Genlto-urinary  apfMiratua,  development  of 

Germinal  *iK't  , .     ...... 

Germinal  vciicle.......  — 

diicappearance  of. . , 

G 1  ret  I  d^.  organ  of  „  — ,.  . 

Glaiidj».  excitability  of...... , ,.. 

color  of  the  blood  Jn  the  velna  of S, 

comparative  quantity  of  blood  tii,  during 

aetlvity  and  rcpoae . , .  5v 

etiminutioo  of  foreign  iub^tincef  by. .... . 

anatomical  ciaa«tflcation  of  ... . 

ductle^A,  or  blood -glaiida. 

lerminationa  of  nervea  in. ....... 

Glandular  epitbelinm ,  .... 

GliiH8on.  capeule  of. ........  .  .Wl; 

Globnllne  , . . , , ....  ...  ............  ..^,. 

Oloaao-labial  pamlysila. ..«.»..*,.•  ............ 

GIoMo-piianrngeaJ  nervea.-,, ,. 

-^  general  prtijHTtlcii  of. 

relatione  of,  to  gustntiun 

GlottkM.  movemonta  of.  in  rc^pinition 

deveiopment  of ,,..... , 

Glncofie  (*«f  Sugars) ... 

Gluten .....,,., 

Glullne. 

Glycocholic  acid  and  aodium  glyrocholaie  — 
Glycogen,  mechaniam  of  tlic  f<inniiti<<n  of,  by 

the  liver  dw  Llvet >. . .  408, 
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Gljcogen.  mode  of  extraction  of 400 

Goblet  cell*. 214 

Goll,  colamns  of 593 

Gooee-flesh »44 

Oraaflan  follicles 768 

Kituation  of  the  ovum  in 771 

rapture  of 7fl0,  779 

Grape-sugar 171 

Gabernacalum  testis 831 

Gums 172 

Gustation,  relations  of,  to  olfaction 662 

general  considerations  of 663 

nerves  of 654 

uses  of  the  chorda  tjmpani  in 6G4 

uses  of  the  glosso-pharyngeal  nerve  in 667 

physiological  anatomy  of  the  organ  of 668 

centre  for 670 

Gutturals  (division  of  consonants) 603 


Hsemadynamometer 

Usemaglobine 17, 

absorption  of  oxygen  by 

Haematine 

Haematocrystalline 

HflBmatosine 

Iliematosis 

Hsmophiha 

Hemorrhagic  diathesis 

Hair-cells  of  the  internal  ear 

Hairs,  physiological  anatomy  of 

growth  of 

development  of 

shedding  of,  in  the  infant 

sudden  blanching  of 

uses  of 

first  appearance  of 

Haller,  vas  aberrans  of   

Hamulus  of  the  cochlea 

Harelip 

Harmonics,  or  overtones 

Harmony 

Hauser,  Caspar,  case  of 

Haversian  canals 

Haversian  rods 

Head-fold  of  the  neural  canal 

Hearing  (sm  Audition) 

Heart,  description  of  the  action  of,  by  Har- 


vey. 


general  description  of  the  action  of 

—  physiological  anatomy  of 

— -  comparative  capacity  of  the  right  and  the 
left  ventricle  of 

quantity  of  blood  discharged  by  each  ven- 
tricular systole  of 

muscular  tissue  of 

comparative  thickness  of  the  ventricles  of 

valves  of 

movements  of 

action  of  the  auricles  of 

action  of  the  ventricles  of 

locomotion  of 

twisting  of 

hardening  of 

shortening  and  elongation  of 

impulse  of 

succession  of  the  movements  of 


72 

175 
17 
17 
17 
17 

150 
26 
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352 
352 
352 
352 
353 
818 
787 
757 
828 
743 
745 
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802 
728 

30 
31 
32 

34 

34 
85 
35 
36 
37 
38 
38 
39 
39 
39 
39 
40 
40 
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Heart,  relative  time  occupied  by  the  auricular 

and  the  ventricular  contractions  of 42 

force  of 42 

action  of  the  valves  of 43,  44 

sounds  of 44 

frequency  of  the  action  of  {9ee  Pulse) 48 

influence  of  respiration  upon  the  action  of    51 

arrest  of  the  action  of,  in  asphyxia 51 

cause  of  the  rhythmical  contractions  of . . .    62 

arrest  of  the  action  of,  by  tying  the  coro- 
nary arteries 53,  68 

contractions  of,  produced  by  stimulation 

during  its  repose 63 

influence  of  the  blood  in  its  cavities  upon 

the  contractions  of 53 

influence  of  the  density  of  its  contents 

upon  the  contractions  of 53 

ganglia  in  the  substance  of 54 

accelerator-nerves  of 65 

norvecentre  of 65,  632 

influence  of  the  sympathetic  nerves  upon..    65 

direct  inhibition  of 56 

reflex  inhibition  of 57 

want  of  action  of  digitalis  upon,  after  sec- 
tion of  the  pncumoga»«tric8 56 

effects  of  Faradization  of  the  pncuraogas- 

trics  upon 66 

influence  of  the  pneumogas tries  upon. . .  66,  57 

influence  of  the  spinal  accessory  ner\'es 

upon 56,  560 

palpitation  of 57 

influence  of  mental  emotions  upon 67 

summary  of  causes  of  arrest  of  the  action  of    68 

death  from  distention  of 68 

death  from  a  blow  upon  the  epigastrium  . .    69 

relations  of  the  force  of,  to  the  frequency 

of  its  pulsations 75,  107 

circulation  in  the  walls  of 104 

time  required  for  the  passage  of  the  entire 

mass  of  blood  through 106 

relation  of  the  frequency  of  the  action  of, 

to  the  rapidity  of  the  circulation 106 

temperature  of  the  blood  in  the  two  sides 

of 4,  448 

development  of 836,  838 

relative  size  of,  in  the  fcetus  and  at  differ- 
ent periods  of  life 839 

enlargement  of,  in  pregnancy 842 

Heart-clots 25 

Heat,  animal  {see  Animal  heat) 444 

Heat-centres ,. 451 

Heat-units  444,  458 

Helix  of  the  ear 730 

Hemialbumose 227 

Hemianopsia 722 

Henle,  tubes  of 862 

sheath  of 610 

Hereditary  transmission 797 

Hernia  at  the  umbilicus,  in  the  foetus.  807,  809,  822 

diaphragmatic 824 

Hibernation,  consumption  of  oxygen  in 139 

cholesterine  in  the  faeces  in 267 

Hiccough 130 

Hippuric  acid  and  its  compounds 881 

Horner,  muscle  of 724 

Horopter 718 
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Hanger........ ,....  ,,... MJ5 

BiKftt  of  the  «?niie  of *  1(S0 

^^^  after  tectioo  of  both  pneamo^nutric  nerves  IffT 
After  sectiou  of  the  hypoglossal  and  Uogu&l 

nerves... .......*.........*  Ifl7 

Tijrd&tids  of  MorKajTni , 785 

Uydrogeti,  cJEfecU  of  con  fining  ah  Atilmal  lu  a 

mixtttre  of  with  oxygen, . , . , .  139 

Hydrogen  monoid ulphSd*^,  poi$anoa«  eflfecUi  of..  136 

Ilynid  b<me.  dcvvlopuit'iit  of 835,  887 

Ilypermetropia 0U$ 

Hypnagogic  hAllaclnatiOEUi .....  618 

HypoblAst ..,.,,..  8QS,  814 

njpofrastric  arteries.., ...... *..«....•« ...839 

cloaure  of...... - Stt 

UfpQgimutl  nerve  («m  Sab  lingua]  nerve) « .  fiBl 

HjrpoflpadLaa 834 

Hjposantblne ....  384 

ncO'Cicca!  viil  vp 2S0 

' developmeut  of........... »,., ., .,  893 

Ibiim , 834 

lliAc  veiD«.  developmi'nt  of.....,.,. .*.*,,  838 

Lnblbition 891 

IimKTforate  uniift 891 

Intuition,  Influfnce  of,  upon  the  exhaladoii  of 

carboti  dioxide  .... , 141 

Inflaence  of  age  upon  the  power  of  n»f«t- 

Bnc«  to. .. , ,,... 1G5 

phonomenA  at  tending.  .<.*,......• 106 

^  duration  of  life  in .....  .,.,..... Ifi8 

Incisor  process.  In  the  development  of  the  face  896 

InctiB — . . .  7S3 

development  of 8:^ 

Indol.  pruductioa  of»  bj  action  of  trjpelne  on 

olbumliioidft ....,.,  9MI^  907 

in  the  fteces. 9M 

Indnced  muacnliir  contractEon,* S34 

Inelastic  llbrons  tlaeue 409 

Infancy, 848 

jierrtllon  of  milk  In 840 

Inf  racoM  tu le»,  ac  tiou  of ,  In  expiration 12& 

Innominate*  vein,  development  of 888 
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PU  mater 687 

first  appearance  of 818 

Pla  mater  testis. 788 

Pineal  gland. 425 

Pinna  of  the  ear 780 

Pitnitaiy  body 425 

Pituitary  membrane. 6B8 

Placenta,  first  appearance  of . .  811 

development  and  etmctore  of H12 

neea  of 818 

Placental  circulation 836 

Plasma  of  the  blood  {tee  Blood) 17 

Plasmine 22 

Pleuro-peritoneal  cavity,  first  appearance  of . . .  815 
Pnenmogastric  nerves,  influence  of,  upon  the 

action  of  the  heart 56 

want  of  action  of  digitalis  upon  the  heart 

after  section  of 56 

efifects  of  Faradization  of,  upon  the  circu- 
lation   56,  57 

direct  influence  of,  upon  the  heart 56,  57 

influence  of,  upon  the  movements  of  the 
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branches  of 574 
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of  the  two  sides,  to  the  abdominal  organs 577 

general  properties  of  the  roots  of 577 

properties  and  uses  of  the  auricular  branch 

of 578 
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branch  of. 578 

properties  and  uses  of  the  superior  laryn- 
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properties  and  uses  of  the  inferior,  or  re- 
current laryngeal  branch  of 579 

influence  of  the  inferior  laryngeal  branch 

of,  upon  the  movements  of  the  larynx 579 

properties  and  uses  of  the  cardiac  branches 

of 580 

effects  of  section  of,  upon  the  circulation. 

56,  580 

properties  and  uses   of   the  pulmonary 

branches  of 581 

effects  of  section  of,  upon  the  respiratory 

movements 681 

condition  of  the  lungs  after  death  follow- 
ing section  of 581 

effects  of  Faradization  of,  upon  respira- 
tion   562 

properties  and   uses  of  the  (esophageal 

branches  of. 583 

effects  of  division  of,  upon  the  opsophagnsi  583 

properties  and   uses    of    the  abdominal 

branches  of 583 

influence  of,  upon  the  liver 583 

influence  of,  upon  the  stomach 230,  584 

distribution  of,  to  the  intestinal  canal 585 

want  of  action  of  purgatives,  after  section 

of SKS 

Polar  globule  of  the  vitellus 799 

Pons  Varolii 609 

uses  of 610 

development  of 819,  821 

Portal  vein,  distribution  of  (gte  Liver) 893 
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Portal  vein,  development  of 887 

Potatoes 186 

Potential  energy 457 

Pregnancy,  influence  of,  upon  lactation 881 

influence  of,  upon  menstruation 781 

influence  of,  upon  the  corpus  luteum 784 

influence  of,  upon  subsequent  offspring. .  797 

enlargement  of  the  uterus  in 842 
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duration  of 812 

multiple 844 
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abdominal 845 
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Presbyopia 696 

Primitive  trace  of  the  embryon 801 
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Propeptone 227 

Prostate 789 

Prostatic  fluid,  uses  of 789 

Protagon 520 

Proteids 487 

Proteine 170,  488 

Protoplasm 460 

ProtovertebrsB 816 
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Pytaline 200 

Puberty 780 

Pulmonary  artery,  pressure  of  blood  in 104 

development  of 886 

Pulmonary  circulation 108 

Pulmonic  semilunar  valves 87 

safety-valve  action  of 44 

Pulp-cavity  of  the  teeth 190 
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in  the  sexes 48 

influence  of  digestion  upon  the  frequency 

of 49 
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traces  of 68 
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influence  of  temperature  upon  the  form  of.    70 
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relation  of  the  frequency  of,  to  the  respira- 
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Pupil 879 

Pupillary  membrane 680,  821 

Purkinje,  vesicle  of 778 

Putrefaction  of  the  body  after  death 860 
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bon  dioxide  in. .  US 

— '  inflnence  of  digestion  upon  the  cxbalatiou 
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Eete  testis 788 

Retina,  physiological  anatomy  of 680 

sensibility  of  the  layer  of  rods  and  cones  of  696 

shadows  of  the  vessels  of 696 

relative  sensibility  of  the  different  parts  of  700 

corresponding  points  in 713 

Betrahens  anrem. 731 

Bhodopsine 700 

Ribs 116 

Right-handedness  {ttee  Dextral  pre-eminence). . .  817 

Rigor  mortis  (tee  Cadaveric  rigidity) 850 

Rima  glottldis Ill 

Rolling  movements  following  injury  of  certain 

parts  of  the  encephalon  etc 633 

Rosenmailer,  organ  of 771,  831 

Rat,  identity  of,  with  menstruation 781 

Ruysch,  tunic  of 677 

Saccharose. 171 

Saccule  of  the  internal  ear 756 

Sacro-lumbalis,  action  of,  in  expiration 126 

Sacrum,  consolidation  of 817 

Saliva. 105 

parotid 195 

secretion  of 196 

relations  of  the  flow  of,  to  mastication 196 

alternation  in  the  secretion  of,  upon  the 

two  sides  196 

submaxillary 196 

Influence  of  sapid  substances  upon  the  se- 
cretion of 197 

sublingual 197 

influence  of  sapid  substances  upon  the  se- 
cretion of 197 
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tongue,  and  pharynx 197 

mixed 196 

influence  of  matters  introduced  into  the 

stomach  through  a  gastric  flstula  upon  the 

secretion  of 199 

quantity  of 199 

reaction  of 199 

quantity  of,  secreted  during  the  intervals 

of  mastication 199 

general  properties  and  composition  of 199 

table  of  the  composition  of 200 

uses  of 200 

influence  of,  upon  deglutition 201 

mechanical  uses  of 201 

Salivary  glands 193 

Salivary  secretion,  centre  for 341 

Saponiflcation 174 

Sarcolactates 882 

Sarcolemma 467 

Savon 663 

Scala  tympani  of  the  cochlea 758 

Scala  vestibuli  of  the  cochlea 758 

Scalene  muscles,  action  of,  in  respiration 119 

Scarpa,  humor  of 759 

Schlemm,  canal  of 680 

Schneiderian  mucous  membrane 6.')8 

Schwann,  sheath  of 507 

white  substance  of 607 

Sclerotic  coat  of  the  eye 675 

development  of 821 

Scrotum 785 
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Scrotum,  development  of 834 

Sebaceous  glands 820 

flrat  appearance  of 818 

Sebaceous  matter. 824 

Secreted  fluids,  classiflcation  of 807 

Secretion,  general  considerations 806,  811 

mechanism  of 807 

distinction  of,  from  excretion —  307,  811,  841 

mechanism  of,  as  distinguished  from  ex- 
cretion  808 

influence  of  the  composition  and  pressure 

of  the  blood  upon 811 

influence  of  the  nervous  system  upon 812 

paralytic 813 

centres  presiding  over 340 

Segmentation  of  the  vitellus 800 

Semen 790 

quantity  of 790 

mucous  secretions  mixed  with 700 

in  advanced  age 798 

ejaculation  of 794 

penetration  of,  into  the  uterus 706 

passage  of,  through  the  Fallopian  tubes. . .  705 

time  occupied  by  passage  of,  to  the  ova- 
ries   795 

Semicircular  canals,  bony 736 

membranous 756 

uses  of 762 

influence  of,  upon  equilibration 768 

disease  of  (M6nidre*s  discastO 626,  763 

development  of 821 

Semilunar  valves,  pulmonic 87 

aortic 87 

safety-valve  function  of 44 

Seminal  vesicles 788 

Seminiferous  tubes 786,  787 

Semivowels 608 

Sensation  in  amputated  members  etc 685 

Sensory  nerv-es,  disappearance  of  the  physio- 
logical properties  of 681 

reappearance  of  sensation  in 6fifii 

action  of 525 

Septum  lucidum,  development  of 820 

Serine 23 

Seroline 265 

Serotina,  cells  of 818 

Serous  cavities 276,  315 

Serous  fluids 315 

Serratus  magnus,  action  of,  in  respiration 128 

Serratus  posticus  superior,  action  of,  in  respira- 
tion    128 

Serum  of  the  blood  (tee  Blood) 24 

Sex,  determination  of,  in  the  foetus 797 

Sexual  intercourse  (tee  Coitus) 793 

Sighing 130 

Sight  (see  Vision) 671 

Sinus  terminalis  of  the  area  vasculosa 835 

Sinuses  of  Valsalva 37 

Skatol,  production  of,  by  action  of  trypsine  on 

albuminoids 849,  867 

in  thefteces 264 

Skeleton,  development  of 817 

ossification  of 818 

Skin,  respiration  by 161 

effects  of  an  impermeable  coating  applied 

to 162 
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SabclATfaui  Arteries,  derekypment  of 887 

SobclATfaui  Teine,  derelopment  of 888 

SabllngiiAl  nervee,  physiological  •natomy  of . . .  582 

properties  and  lues  of 582 

effects  of  section  of,  npon  deglutition 588 

Snblingnal  ealiva  (#m  Saliva) 197 
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Socking,  mechanism  of 188 

Sndoriparoas  glands  {see  Sweat) 858 

first  appearance  of 818 

Suffocation,  sense  of 180 

Sugars 170 

Sugar  of  milk 886 

production  of,  by  the  liver  (Me  Liver) 406 

character  of,  produced  by  the  liver 410 

Sulphates  in  the  body 437 

Snlphocyanide  in  the  saliva. 196 

Summation  tones 745 

Superfecundation 797 
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-^  structure  of 419 
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extirpation  of 421 

development  of 882 

Sweat 858 

mechanism  of  the  secretion  of 855 

influence  of  the  nervous  system  upon  the 

secretion  of 855 

quantity  of 356 
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peculiarities  of,  in  certain  parts 358 

Sweat<entres 856 
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Sympathetic  system 635 

general  arrangement  of 635 
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cervical  ganglia  of 638 

thoracic  ganglia  of 639 
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direct  experiments  upon 641 
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influence  of,  upon  the  circulation 641 

influence  of,  upon  secretion 642 

influence  of,  upon  the  urine 642 

influence  of,  upon  the  intestines 642 

reflex  phenomena  in  ^ 

development  of 819 

Sympexions 790 

Synovial  bursae 315 

Synovial  fluid 316 

Synovial  fringes 315 

Synovial  membranes 315 

Synovial  sheaths 316 

Synovine 816 

Ttetile  centre 658 

Tactile  corpuscles 514,  657 

Ttete  (SM  QusUtion) 663 

influence  of  the  chorda  tympani  upon.  554,  664 

nerves  of 664 

action  of  the  glosso-pharyngcal  nerve  in  .    667 
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Taste-beakers 669 

TSste^^lls 670 

TSste-centre 670 

Taste-pores 670 

TSstes  and  flavors 663 

Taurine  in  the  urine 884 

Taurocholic  acid  and  sodium  taurocholate 402 

Tea 179 

composition  of 180 

Tears 727 

Teeth,  physiological  anatomy  of 189 

uses  of  the  sensibility  of,  to  hard  sub- 

stance«i,  in  mastication 196 

Teeth,  temporary,  development  of 9tS 

order  of  eruption  of 880 

permanent,  development  of 829 

order  of  eruption  of 880 

Temperature  of  the  body 446 

sense  of 657 

Temporo-maxillary  articulation 192 

Tendons,  connection  of,  with  the  muscles 470 

Tenon,  capsule  of 674 

Tensor  palati 204,  785 

Tensor  tympani 788,  751 

Testicles 785 

flrst  appearance  of 881 

descent  of 881 

gubemaculnm  of 881 

Tegmentum 609 

Tetanus 477 

Thelne 180 

Theobromine 180 

Thirst 167 

effects  of  hfemorrhage  upon 167 

seat  of  sense  of 168 

relief  of,  by  absorption  of  water  by  the 

skin 287 

Thoracic  duct 278 

fistula  into 294 

Tho^x,  form  of 116 

action  of  the  elasticity  of  the  walls  of,  in 

expiration 128 

Thrsnine 728 

Thymus  gland 428 

Thyro-arytenoid  muscles 491 

Thyroid  gland,  structure  of 421 

chemical  constitution  of 422 

extirpation  of 422 

Tidal  air 181 

Titillttlion 654 

Tongue,  action  of,  in  sucking 188 

action  of,  in  mastication 194 

glands  of 198 

action  of,  in  deglutition 206 

action  of.  in  phonation 495 

papilla  of 668 

development  of 827 

Tonsils 198,  208 

Touch,  sense  of es& 

variaticms  in  the  sense  of.  in  different  parts  655 

extraordinary  development  of  the  sense  of  655 

table  of  variations  in  the  sense  of,  in  differ^ 

ent  parts 656 
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Tympanic   membrane,   phy*l4>lQiificttt  analomy 

of  , - T8«,T48 

coneof  iighlln...  ,,,*...  ,,.,.,,.,,.,..-  750 

— ^  iiwea  of.. .«...«.«,•*»  •*♦,.  730 
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developmimt  of , , 890 

Tyrosine,  production  of,  by  the  action  of  tryp- 
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Id  tbu  uriiio ,._.....,.., ....*.»..  384 
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UmbiJlcoft,  umniotie ., , .,, 808 
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Ur»chua.. * 808.  flSS 

VrcA. 878 
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Urine,  mechAubm  of  the  prtMluctlon  of , 806 
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kidney »  upon  the  oecrellon  of 313,  309 
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UtcraM 708 
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parturition. 84S 

iuvuliilioti  of 848 
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Vm  deferens,  development  of,  from  the  Wolf- 
flan  duct 831 

Vua  vaooram 68,  89 

VuaTorticosa C77 

Vaecnlar  arches,  in  the  embryon 887 

Vaao-dilator  nerves 645 

Vaso-inhibitory  nerves 645 

Vaso-motor  centres  and  nerves 612 

Vaso-motor  reflex  phenomena 648 

Vater,  corpuscles  of 518 

Veins,  variations  in  the  color  of  the  blood  in. . .      4 

renal,  colo&ef  the  blood  in 4 

discovery  of  valves  of 80 

uses  of  the  valves  of 31,  98 

circulation  in 87 

capacity  of,  as  compared  with  that  of  the 

arteries 87 

anastomoses  of 89,  99 

structure  and  properties  of  89 

vasa  vasorum  of 89 

strength  of  the  walls  of 90 

elasticity  and  contractility  of 91 

valves  of 91 

those  in  which  there  are  no  valves 92 

— . —  course  of  the  blood  in 93 

pulse  in 94 

pressure  of  blood  in 94 

rapidity  of  the  flow  of  blood  in 95 

causes  of  the  circulation  in 95 

obstacles  to  the  flow  of  blood  in 05,  100 

influence  of  muscular  contraction  upon  the 

flow  of  blood  in 96 

influence  of  the  force  of  aspiration  from 

the  thorax  upon  the  circulation  in 96 

of  the  liver,  circulation  in 97 

relations  of  respiration  to  the  circulation 

in 97,  100 

entrance  of  air  into 98 

influence  of  gravity  upon  the  circulation 

in 98,  101 

influence  of  a  suction  force  exerted  by  larg- 
er upon  smaller  vtwsvls  upon  the  circulation  in    98 

regurgitant  pulse  in 100 

development  of 837 

Velum  pi>ndulum  imlati 203 

Vena  innominata,  development  of 838 

Venae  cavae,  development  of 837 

Venereal  sense 058 

Venoms,  absorption  of. 320 

Ventilation  of  hospitals,  prisons,  etc 137 

Ventricles  of  the  heart ^ 

comparative  capacity  of  right  and  left 84 

comparative  thickness  of  right  and  left.. . .    35 

shortening  and  elongation  of 39 

Verheyn,  stare  of 365 

Vermiform  appendix 258 

Vemixcaseosa 825.  818 

Vertebrae,  flret  appearance  of 817 

Vertebral  arteries,  development  of a30 

Vertebral  plates 814 

Vesicnlae  seminales 788 

development  of 832 

Vestibule  of  the  ear 736,  755 

Villi  of  the  small  intestine 237 

development  of 823 

Vinegar 181 


Visceral  arches 825 

Visceral  clefts S85 

Visceral  plates 815 

Vision,  physiological  anatomy  of  the  organs  of  671 

area  of 691 

laws  of  refraction,  dispereion  etc.,  in 602 

refraction  by  lenses  m 003 

myopic 695 

hypermetropic 605 
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formation  of  images  in 0(8 

demonstration  of  the  fact  that  the  layer  of 

rods  and  cones  is  the  seat  of  impressions  in . .  698 

area  of  distinct 699 

blind  spot  in  the  retina  in 699 

accommodation  of,  to  different  degrees  of 

illumination 702 

mechanism  of  refraction  in 702 
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movements  of  the  iris  in 705 

accommodation  of,  for  different  distances.  708 
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monocular 714 
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with  the  stereoscope 716 
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images) 716 

fusion  of  colore  in 717 

irradiation  in 717 

accidenul  areolie  in 718 

centres  for 722 

perception  of  colore  in 728 

development  of  the  organs  of 821 

Visual  purple  and  visual  yellow 700 
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variations  in,  with  stature 188 

ViUl  point 632 

Vitelline  circulation 885 

Vitelline  membrane  of  the  ovum 777 
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deformation  and  gyration  of  799 
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range  of 494 

action  of  the  intrinsic  mnecles  of  the  larynx 

in 494 

action  of  the  accessory  organs  of 405 

action  of  the  trachea  in 495 
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action  of  the  mouth  in 495 
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upon 660 
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Vomiting,  mechanism  of 232 

Vowels .V)! 

Vowel-sounds,  mechanism  of  502 

Wagner,  corpuscles  of 514 

spot  of 778 

Wallerian  method 521 

Water,  uses  of,  in  the  blood 20,  430 
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Water,  as  a  product  of  excretion 889,  455 

uses  of,  in  alimentation  etc 481 
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Wharton,  duct  of 196 
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Whispering 508 

Wolffian  bodies 814.  880 

structure  of 881 
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Zymogen 216.  310 


THE   END. 


REASONS    WHY    PHYSICIANS    SHOULD 
SUBSCRIBE   FOR   THE 

l]ew  York  IlQedical  Jourijal, 

Edited  by  FRANK  P.  FOSTER,  M.  D., 
Published  by  D.  APPLETON  d  CO.,  New  York, 


'DECAUSE :  It  is  the  LEADING  JOURNAL  of  America  and  contains  more  reading. 
^^    matter  than  any  other  journal  of  its  class. 

T>ECAnS£ :  It  is  the  exponent  of  the  most  advanced  scientific  medical  thought. 

"DSCAUSE :  Its  contributors  are  among  the  most  learned  medical  men  of  this  country. 

T^EGAUSE:  Its  *' Original  Articles'*  are  the  results  of  sf/.entific  observation  and  re- 
^       search,  and  are  of  infinite  practical  value  to  the  general  practitioner. 

T>ECAnSB:  The  "Reports  on  the  Progress  of  Medicine,''  which  arc  published  from 

"^       time  to  time,  contain  the  most  recent  discoveries  in  the  various  departments  of 

medicine,  and  are  written  by  practitioners  especially  qualified  for  the  purpose. 

'DECAUSE :  The  column  devoted  in  each  number  to  "  Therapeutical  Notes  *'  contains  a 
~^    resutnS  of  the  practical  application  of  the  most  recent  therapeutic  novelties. 

BECAUSE :  The  Society  Proceedings,  of  which  each  number  contains  one  or  more, 
are  reports  of  the  practical  experience  of  prominent  physicians  who  thus  give  to 
the  profession  the  results  of  certain  modes  of  treatment  in  given  cases. 

T^ECAUSE :  The  Editorial  Columns  are  controlled  only  by  the  desire  to  promote  the 
-^^    welfare,  honor,  and  advancement  of  the  science  of  medicine,  as  viewed  from  a 
standpoint  looking  to  the  best  interests  of  the  profession. 

'DECAUSE :  Nothing  is  admitted  to  its  columns  that  has  not  some  bearing  on  medicine, 
-^    or  is  not  possessed  of  some  practical  value. 

'DECAUSE :  It  is  published  solely  in  the  interests  of  medicine,  and  for  the  upholding 
-^    of  the  elevated  position  occupied  by  the  profession  of  America. 


The  volumes  begin  with  January  and  July  of  each  year.     Subscriptions 
can  be  arrang^ed  to  beg^in  with  the  volume. 

Subscription  Price^  $5.00  per  Annviiu 

The  Popular  Science  Monthly  and  the  New  York  Medical  Journal  to  tUe 
same  address,  $9.00  per  Annum  (full  price,  $xo.oo). 
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Established  by  Edward  U  Youmans. 


EDfTEO  BY  W.  J,   YOUMANS. 


The  Popular  Science  Monthly  wilj  contiime,  as  heretofore,  tn 
supply  its  readers  witli  the  results  of  the  Litest  mvestigation  and  the 
most  valuahle  thought  in  the  various  departments  of  Beientitie  hiquiry. 

Leaving  the  dry  and  technical  detailH  of  seience,  which  are  of  chief 
concern  to  specialists,  to  the  journals  devoted  to  them,  the  Monthly 
deaU  with  those  more  general  and  practical  snhjects  which  are  of  the 
greatest  interest  and  importance  to  the  public  at  large.  In  this 
work  it  has  achieved  a  foremost  position,  and  is  now  the  acknowl- 
edged organ  of  progressive  scientific  ideas  in  tins  country. 

The  wide  range  of  its  discussions  includes,  among  other  topics  : 

The  bearing  of  science  upon  education  ; 

Questions  relating  to  the  prevention  of  disease  and  the  improve- 
ment of  sanitary  conditions  ; 

Subjects  of  domestic  and  social  economy,  including  the  introduc- 
tion of  better  ways  of  living,  and  improved  applications  in  the  arts 
of  every  kind  ; 

The  phenomena  and  laws  of  the  larger  social  organizations,  with 
the  new  standard  of  ethics,  based  on  scientific  principles  ; 

ITie  subjects  of  personal  and  household  hygiene,  medicine,  and 
architecture,  as  exemplified  in  the  adaptation  of  public  buildings 
and  private  houses  to  the  wants  of  those  who  use  them  ; 

Agricidture  and  the  improvement  of  food-products  ; 

The  study  of  man,  with  what  appears  from  time  to  time  in  the 
depart rncTtts  of  anthropology  and  archieology  that  may  throw  light 
upon  the  development  of  the  race  from  its  primitive  conditions. 

Whatever  of  real  advance  is  made  in  chemistry,  geography,  astron- 
omy, pliysiology,  psychology,  botany^  zoology,  paleontology,  geol- 
ogy>  or  such  other  department  as  may  have  been  the  field  of  research, 
is  recorded  monthly. 

Special  attention  is  also  called  to  the  biographies,  with  portraits,  of 
representative  scientific  men,  in  which  are  recorded  their  most  marked 
achievements  in  science,  and  the  general  bearing  of  their  work  in* 
dtcated  and  its  value  estimated. 


Terms:  $5.00  per  annum,  in  advance* 
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the  same  address^  $9.00  per  annum  (full  price^  fxo.oo). 
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A  PRACTICAL  TREATISE  ON  MA- 
TERIA MEDICA  AND  THERAPEUTICS. 

Sixth  edition.    Hevisedj  enlarged,  and  adapted  to  ^^  The  New  Pharmacopcsia,^^ 

By  ROBERTS  BARTHOLOW,  A.  M.,  M.  D., 

Professor  of  Materia  Medica  and  General  Therapeutics  in  Jefferson  Medical  College  of 

Philadelphia ;  recently  Professor  of  the  Practice  of  Medicine  and  of  Clinical 

Medicine  in  the  Medical  College  of  Ohio,  in  Cincinnati,  etc.,  etc. 

1  vol.,  8vo.     Cloth,  $6.00 ;  sheep,  $6.00. 

FHOM  PREFACE  TO  FIFTH  EDITION. 

"  The  appearance  of  the  sixth  decennial  revision  of  the  *'  United  States  Pliar- 
macopceia  *  has  imposed  on  me  the  necessity  of  preparing  a  new  edition  of  tliis 
treatise.  I  have  accordingly  adapted  the  work  to  the  official  standard,  and 
have  also  given  to  the  whole  of  it  a  careful  revision,  incorporating  the  more  re- 
cent improvements  in  the  science  and  art  of  therapeutics.  Many  additions  have 
heen  made,  and  parts  have  heen  rewritten.  These  additions  and  changes  have 
added  about  one  hundred  pages  to  the  body  of  the  work,  and  increased  space 
has  been  secured  in  some  places  by  the  omission  of  the  references.  In  the  new 
materia],  as  in  the  old,  practical  utility  has  been  the  ruling  principle,  but  the 
scientific  aspects  of  therapeutics  have  not  been  subordinated  to  a  utilitarian 
empiricism.  In  the  new  matter  as  in  the  old,  careful  consideration  has  been 
given  to  the  physiological  action  of  remedies,  which  is  regarded  as  the  true  basis 
of  all  real  progress  in  therapeutical  science ;  but,  at  the  same  time,  I  have  not 
been  unmindful  of  the  contributions  made  by  properly  conducted  clinical  obser- 
vations." 

A  TREATISE    ON   THE   PRACTICE 

OF  MEDICINE,  FOR  THE  USE  OF  STUDENTS 
AND  PRACTITIONERS. 

Sixth  edition,     Revised  and  enlarged. 

By  ROBERTS  BARTHOLOW,  M.  A.,  M.  D.,  LL.D., 
Professor  of  Materia  Medica  and  Therapeutics  in  the  Jefferson  Medical  College,  etc.,  etc. 

8vo.     Cloth,  $5.00 ;  sheep  or  half  russia,  $6.00. 

The  same  qualities  and  characteristics  which  have  rendered  tlie  author^s 
"  Treatise  on  Materia  Medica  and  Therapeutics  ^^  so  acceptable  are  equally  mani- 
fest in  this.  It  is  clear,  condensed,  and  accurate.  The  whole  work  is  brought 
npon  a  level  with,  and  incorporates,  the  latest  acquisitions  of  medical  science, 
and  may  be  depended  on  to  contain  the  most  recent  information  np  to  the  date 
of  publication. 

New  York :  D.  APPLETON  &  CO.,  1,  8,  &  5  Bond  Street. 


A  TEXT-BOOK  ON  SURGERY: 

GENERAL,    OPERATIVE,   AND   MECHANICAL 

By  JOHN  A.   WYETH,  M.  D^ 

Profesaur  of  Sargery  Iti  the  New  York  PolydiDic  ;  Snrgeou  lo  Moimt  Stiimi  HotpitAl,  et& 

Prtcei  Buckram,  uncut  edges,  I7.00;  Sheep,  $8.00;   Half  Morocco,  I8.50. 


SOLD   BY   SUBSCRIPTION   ONLY. 


This  work,  conais^ting  of  Beren  Hundred  and  sixty-nine  pages,  and  ooDtatning  Beven 

hundreii  and  seveoU-one  iUustmtiona,  of  wliicb  about  fifty  arc  colored,  \&  one  of  the  moet 
beautiful  and  iiiticiue,  and  at  tlie  same  titnc  one  »f  tbe  iiio:$t  complete,  works  on  general 
surgery  ever  pubtislicd. 

It  IS  pnnteti  in  clear,  large  type  011  a  Bup<?rior  quality  of  piLper,  and  tbe  book,  large 
withont  bein^  bulky,  is  in  a  §hape  to  b<?  easily  handJed.  The  iVltistratiooji  are  ext'Cuted 
with  especial  reference  to  the  accniJite  flaatomy  of  tbe  partit  reprc«i;ntcd ;  the  relations  of 
booea,  Qiu^lcH,  ocrve^^  and  re^icb  to  adjacent  structures ;  and  Wmg'A  of  Incision  arc  indi- 
cated In  operationtj  about  the  joiiitii  and  articulations,  thus  explaining  and  simplifying 
their  descriptions  m  the  lc\t.  The  colored  illofttrations  irhich  depict  the  more  important 
opermtiona,  espiL- dally  with  reference  to  the  large  arteries,  constitute  a  novel  and  rery  im- 
portant feature  of  the  work. 

The  following  brief  synopsis  will  eonvey  an  idea  of  tbe  plan  of  the  work : 

Afl  a  pr^iliniinary  to  tbe  eon^iderati'in  of  the  variDu^  oporationa  the  author  tliorou^hly 
discuHftea  the  racthr>d»  of  preparint;  tbe  ditfererit  aiitiftcptie  itnrirical  dn'>t>in>:s,  Uftaturva, 
totuiiea,  aolutioHAf  drain.^ ;  tlie  matC'rioLt  lor  banda^in^,  with  illutitmted  jn<$truoti'^n'«  a^  to 
the  manner  of  applying  banda/i^a  iti  the  various  Xxmn^  employ vd  hi  different  purt*  of  tbe 
body  :  ann^thesia^  both  hical  and  ^eueral,  includioif  tlu'  ciuplovmcnt  of  coeaini.'  as  a  local 
ante^tKtaic;  the  u«*c  and  niothml  of  udimnisteriui^  ether  and  cLlorofbrm;  iii«trumcntA  and 
their  uw- ;  hieiuoj»t(iKis  and  tlie  alter- trt'iitment  of  coseB. 

IntliiiinmitiMn,  itsi  eau-e*  and  int'thml'^  of  trcatiiifint;  woundi*  and  the  manner  of  closlnir 
them;  tmriHtLi/^ion,  poisoned  woundn,  kitirns  and  acutd«,  ^mn^'rene,  and  thu  vuriotia  aurgieal 
tedious  are  tiiorouLjbly  eoq^idered  iind  th^ir  ajipropriute  treatment  driven. 

AmoumtionHj  with  full  and  mi n ntc  details* ol  tLe  manner  of  j art orming  ihem^  and  the 
different  inethrjdrt  empl^^yed,  einstitLitc*  un  iinp^rrtiint  ehupter  in  the  book.  All  tlic  pnn* 
dpal  oporalionji  aro  iUu-Htrutod  by  colored  eu^n-av logs  made  from  direct  tmein^^a  of  f^oien 
sectiona  on  the  cadaver. 

Tbe  aection  devoted  to  the  arteries  and  tlie  procednrea  necessary  in  Ppatinj;  Xh^m  \m 
one  of  tbe  most  iiiipirtant  and  uin^t  beautifully  iltustTated  poition#  of  the  work.  The 
woodoutA  ahowini;  the  relation  of  the  part>  involved  in  tyino^  the  impt^rtant  artenci  are 
colored,  and  their  anatomy  h<  depicted  in  a  »><ndcrfuUy  clear  and  accurute  iiianner. 

Surjfical  diaeaHea  and  nursery  of  the  bone*;  iurperj-  of  the  articulationR,  regiooal 
aurifory.  inelndinif  the  otmjmui  oj>eration«  on  the  eye,  car^  and  jawt^ ;  tumor*  al»out  the 
neok,  tayreo^iiny,  laryiiirotomy^  traobeotomy,  and  asophaju'oiotity ;  the  ?urfn?ry  oi  the 
thorax  and  abdomen ;  and  oneratton^  on  the  rectum  and  anua  ai-e  dealt  with  in  the  li^ht 
of  the  mo-^t  advani-'ed  aur^'ioal  kmtwU'd:>e. 

tienito-nrinaiy  Mur>fery  ujul  j^fH-eitl-  K^sinn^  receive  a  duo  ahare  of  attention,  aa  do  d^ 
lormitiun  of  the  w'pine  andextremilies,  and  niali^rnaut  tuinorR  and  jtrrowiiia. 

This  work,  written  by  an  accompli'^bcd  surj^eon  of  wide  experience,  and  fully  abreast 
of  the  highcj^t  attainments  in  surjncd  knowledge  and  seience,  prescnta  to  the  student  and 
practitioner  a  means  of  acf[uainlimi:  hiui*elf  with  modem  surgery  aa  it  \$  taught  and  pmc- 
ticed  by  a  master  of  the  art,  and  will  enable  him  to  prepare  himself  for  the  intelligent 
perfonnance  of  many  operations,  and  to  treat  many  surgical  loaions  with  which  he  may 
feel  he  is  not  fiuHiciently  familiar. 

D.  APPLETON   &  CO.,  Publishers. 

1.  3.*  5  BOKD  ST.,  NSW  YORK. 


%♦  The  Books  advertised  in  this  List  are  commonly  for  sale  by  booksellers  in 
all  parts  of  the  country  ;  but  any  work  will  be  sent  by  D.  Appleton  &  Co.  to  any 
address  in  the  United  States y  postage  prepaid^  on  receipt  of  the  advertised  price. 
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M  E  DICA  L    WOR  K  S. 


THE  PUERPERAL  DISEASES.  Clinical  Lectures  deliv- 
ered at  Bellevue  Hospital.  By  Fordyce  Barker,  M.  D.,  Clinical  Professor 
of  Midwifery  and  the  Diseases  of  Women  in  the  Bellevue  Hospital  Medical 
College;  late  Obstetric  Physician  to  Bellevue  Hospital;  Surgeon  to  the 
New  York  State  Woman's  Hospital,  etc. 

Fourth  edition,     i  vol.,  8vo,  526  pp.     Cloth,  $5.00;  sheep,  $6.00. 

"  For  nearly  twenty  years  it  has  been  my  duty,  as  well  as  my  privilege,  to  give  clinical  lectures 
at  Bellevue  Hospital,  on  midwifery,  the  puerperal,  and  the  other  diseases  of  women.  This  volume 
is  made  up  substantially  from  phonographic  reports  of  the  lectures  which  I  have  given  on  the 
puerp>eral  diseases.  Having  had  rather  exceptional  opportunities  for  the  study  of  these  diseases, 
1  have  felt  it  to  be  an  imperative  duty  to  utilize,  so  far  as  lay  in  my  power,  the  advantages  which 
I  have  enjoyed  for  the  promotion  of  science,  and,  I  hope,  for  the  interests  ol  humanity.'* — From 
A ut hot's  Preface, 

ON    SEA-SICKNESS.     By  Fordyce  Barker,  M.  D. 

I  vol.,  i6mo,  36  pp.     Flexible  cloth,  75  cents. 

Reprinted  from  the  "  New  York  Medical  Journal."  By  reason  of  the  great  demand  for  the 
number  of  that  Journal  containing  the  paper,  it  is  now  presented  in  book  form,  with  such  prescript 
dons  added  as  the  author  has  found  useful  in  relieving  the  suffering  from  sea-sickness. 

PARALYSIS  FROM    BRAIN   DISEASE  IN   ITS  COM- 

MON  FORMS.  By  H.  Charlton  Bastian,  M.  A.,  M.  D.,  Fellow  of  the 
Royal  College  of  Physicians ;  Professor  of  Pathological  Anatomy  in  Uni- 
versity College,  London. 

With  Illustrations,     i  vol.,  i2mo,  340  pp.     Cloth,  $1.75. 

"  These  lectures  were  delivered  in  University  College  Hospital  last  year,  at  a  time  when  I  was 
doing  duty  for  one  of  the  senior  physicians,  and  during  the  same  year — after  they  had  been  repro- 
duced from  very  full  notes  taken  by  my  friend  Mr.  John  Tweedy — they  appeared  in  the  pages  of 
*  The  Lancet.*  They  are  now  republished  at  the  request  of  many  friends,  though  only  after  having 
undergone  a  very  careful  revision,  during  which  a  considerable  Quantity  of  new  matter  has  been 
added.  It  would  have  been  easy  to  have  very  much  increased  tne  size  of  the  book  by  the  intro 
duction  of  a  larger  number  of  illustrative  cases,  and  by  treatment  of  many  of  the  subjects  at  greater 
length,  but  this  the  author  has  purposely  abstained  from  doing  under  the  belief  ihat  in  its  present 
form  it  is  likely  to  prove  more  acceptable  to  students,  and  also  perhaps  more  useful  to  busy  prac- 
titioners.'*— Extract  from  Preface. 

THE   MANAGEMENT  OF    INFANCY,  Physiological  and 

Moral.  Intended  chiefly  for  the  Use  of  Parents.  By  Andrew  Combe,  M.  D. 
Revised  and  edited  by  Sir  James  Clark,  K.  C.  B.,  M.  D.,  F.  R.  S.,  Physician- 
in-ordinary  to  the  Queen. 

First  American  from  the  tenth  London  edition.     I  vol.,  l2mo,  302  pp.     Cloth,  $1.50. 
**  This  excellent  little  book  should  be  in  the  hand  of  every  mother  of  a  family."— 7>ft^  Lancet, 


D.  APPLETON  &*  CO:S  MEDICAL   WORKS, 

ADOLPH  STRECKER'S  SHORT  TEXT-BOOK  OF  OR- 
GANIC CHEMISTRY.  By  Dr.  Johannes  Wislicenus,  Translated  and 
edited,  with  Extensive  Additions,  by  W.  H.  Hodgkinson,  Ph.  D,,  and  A,  J. 
Greenaway,  F.  L  C. 

8vo,  789  pp.    Cloth,  $5.00. 

The  great  popularity  which  Professor  WisHcenus's  edition  of  * '  Strecker*s  Tcxt*Book  of  Or- 
ganic Chemistry  has  enjoyed  in  Germany  has  led  to  the  belief  that  an  English  translation  will 
be  acceptable.  Since  the  publication  of  the  tsook  in  Germany,  ihc  knowle^e  of  organic  chem- 
istry has  increased,  and  this  has  necessitated  many  additions  and  alterations  on  the  part  of  the 
translators. 

Sfbcimsm  of  Illustkatioh. 


*^  Let  no  one  suppose 
that  in  this  *  short  text- 
book *  we  have  to  deal  with 
a  primer,  Everylhiajf  is 
comparative,  and  the  terra 
^  short '  here  has  reLttioo 
to  the  enomious  develnp- 
tnent  and  extent  of  recent 
organic  chemistry.  This 
iolid  and  comprehensive 
volume  is  intended  tn  rep* 
r«iefit  the  present  condi- 
tion of  the  science  in  its 
main  facts  and  leadtni: 
principles,  as  demanded 
by  the  systematic  cbemicdi 
student  We  hav«  befc« 
probably,  the  best  exunt 
lext-book  of  or£:anic  cliem* 
istrv.  Not  only  is  it  fall 
and  comprehensive  and 
remarkably  clejir  and  me- 
thodical, but  it  is  up  to  the 
very  latest  moment,  and  it 
has  been,  morcotTcr^  pre- 
pared in  a  way  to  secure 
the  greatest  exceUences 
in  sudi  a  treatise/* — Tkt 
Popular  Science  Momtkiy^ 


PRINCIPLES  OF    MENTAL   PHYSIOLOGY,  with  their 

Applications  to  the  Training  and  Discipline  of  the  Mind  and  the  Study  af 
its  Morbid  Conditions.  By  William  B,  Carpenter,  M.  D.,  LL,  D.,  Reg- 
istrar of  the  University  of  London,  etc. 

I  vol,  8vo,  737  pp.    Cloth.  $3.cx>» 


'*  Among  the  numerous  eminent  writers  this 
country  has  produced,  none  are  more  dcsen'ing  of 
praise  for  having  attempted  to  apply  the  results  of 


physiological  research  to  the  ejq^lanation  of  the  mu- 
tual relations  of  the  mind  and  body  than  Dr.  Car* 
penter.*' — The  iMncei, 


HEALTH.      By  W.   H.  Corfield,  Professor  of  Hygiene  and 
Public  Health  at  University  College,  London, 
I  voL,  i2mo.     Cloth,  $1,25. 


"  Few  persons  are  better  qualified  than  Dr,  Cor* 
field  to  write  intellipently  upon  the  subject  f>f  health, 
and  it  is  not  a  fiiaticr  forsurpri*^,  therefore,  that  he 
has  given  us  a  volume  remarkable  for  accuracy  and 
interest  Commencing  with  general  anatomy,  the 
bones  and  moades  4ie  given  attention ;  next,  the 


circulatian  of  the  t>]ood,  then  respiration,  nutritioai, 
the  liver,  and  the  execretory  organs,  the  nervoas 
system »  origans  of  the  senses,  the  health  of  the  indi- 
vidual, air,  foods  and  drinks,  drinking-water,  clK 
mate,  housi^  and  towns,  small-pox «  and  cofomunir 
cable  diseases* — Philadtlpkat  Item, 
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D,  APPLETON  &»  CO:S  MEDICAL   WORKS. 


THE    BRAIN    AS    AN    ORGAN    OF    MIND.       By   H. 
Charlton  Bastian,  M.  A.,  M.  D.,  Fellow  of  the  Royal  College  of  Phy- 
sicians ;  Professor  of  Pathological  Anatomy  in  University  College,  London. 
With  184  Illustrations  and  an  Index,     i  vol.,  i2mo,  708  pp.     Cloth,  $2.50. 


**  Tliis  work  is  the  best  book  of  its  kind.  It  is 
full,  and  at  the  same  time  concise ;  comprehensive, 
but  confined  to  a  readable  limit;  and,  though  it 
deals  with  many  subtile  subjects,  it  expotmds  them 
in  a  style  which  is  admirable  for  its  dearness  and 
simplicity. " — Nature, 

•*  The  fullest  scientific  eicposition  yet  published 
of  the  views  held  on  the  subject  of  psychology  l^ 
the  advance  physiological  sdiooL  It  teems  with 
new  and  suggestive  ideas.'* — London  Atk^naum. 


"  Dr.  Bastian's  new  book  is  one  of  great  value 
and  importance.  The  knowledge  it  gives  is  univer- 
sal in  Its  claims,  and  of  moment  to  everybody.  It 
should  be  forthwith  introduced  as  a  manual  into  all 
colleges,  high  schools,  and  normal  schools  in  the 
country  ;  not  to  be  made  a  matter  of  ordinary  me- 
chanical recitations,  but  that  its  subject  may  arrest 
attention  and  rouse  interest,  and  be  lodged  in  the 
minds  of  students  in  connection  with  oteervations 
and  experiments  that  will  give  reality  to  the  knowl- 
edge required." — Popular  Science  Monthiy, 


TREATISE  ON  MATERIA  MEDICA  AND  THERA- 
PEUTICS. Revised  and  enlarged.  Edition  of  1883,  with  Complete  Index 
and  Table  of  Contents.  By  Roberts  Bartholow,  M.  A.,  M.  D.,  LL.D., 
Professor  of  Materia  Medica  and  Therapeutics  in  the  Jefferson  Medical  Col- 
lege ;  formerly  Professor  of  the  Theory  and  Practice  of  Medicine,  and  of 
Clinical  Medicine,  and  Professor  of  Materia  Medica  and  Therapeutics  in 
the  Medical  College  of  Ohio,  etc. 

Sixth  edition,  revised  and  enlarged,     i  vol.,  8vo.     Cloth,  $5.00;  sheep,  $6.00. 

"This  edition  of  my  treatise  contains  much  new  matter.  The  domain  of  Pharmacology  is 
rapidly  enlarging  by  the  contributions  of  chemistry,  and  by  new  remedies  brought  forward  by 
dealers  with  a  view  to  profit.  When  a  new  remedy  is  announced,  its  physiological  actions  are 
immediately  studied  and  defined.  ...  As  in  previous  issues  of  this  work,  I  have  sought  to  give 
the  facts,  and  to  some  extent  current  opinions  of  the  time,  on  the  new  remedies ;  but  as  far  as 
possible  demonstrable  incongruities  of  opinion  and  of  practice  have  been  omitted.  Only  by 
actual  inspection  in  all  parts  of  the  work,  as  it  now  appears,  can  the  numerous  additions  to  the 
individual  remedies  be  seen.  ...  I  now  place  the  sixth  edition  before  my  readers  and  the 
medical  profession  in  general,  with  the  expression  of  my  hope  that  it  will  deserve  and  maintain 
the  place  in  their  esteem  which  it  has  always  held." — From  Pre/ace  to  Sixth  Edition, 


"The  very  best  evidence  of  the  success  of  a 
work  is  the  continuous  and  increasing  demand  for 
it.  Bartholow's  *  Materia  Medica  and  Therapeu- 
tics '  has  followed  this  course  since  the  appearance 
of  the  first  edition,  in  June,  1876,  and  has  com- 
pelled the  publishers  to  again  place  before  the  pro- 
fession the  sixt^i  edition.  In  this  issue  of  the  work 
the  author  has  revised  the  former  edition  most 
carefully,  and  has  included  in  its  pages  the  latest 
and  the  most  valuable  remedies.  About  one  hun- 
dred pages  have  thus  been  added  to  this  valuable 
work,  the  new  contributions  having,  as  the  author 
states,  been  assigned  to  places  according  to  their 
physiological  relations.  The  manv  additions,  just 
referred  to,  can  only  be  observed  by  a  careful  ex- 
amination of  all  parts  of  the  book.  .  .  .  The 
work  is  not  only,  as  in  former  editions,  well 
arranged,  but  is  the  most  progressive  one  of  all 
those  now  before  the  profession,  in  the  thorough 
consideration  of  all  therapeutic  measures  of  value 
in  the  treatment  of  dxs/tas&y^Medical  Register. 

"Since  1876  this  work  has  passed  through  six 
editions,  a  degree  of  favor  which  is  seldom  ac- 
corded to  medical  works.  .  .  .  We  have  written  in 
former  issues  of  the  Journal  our  appreciation  of 
this  volume,  and  we  take  this  occasion  to  say  that 
we  consider  it  essential  to  every  well-selected 
IStinxj.^^— North  Carolina  Medical  Journal. 


"  It  is  to  be  naturally  assumed  that  the  appear- 
ance of  six  editions  of  this  work  in  a  period  of  a 
little  more  than  eleven  years,  is  an  indication  of 
the  measure  of  appreciation  in  which  it  is  held  by 
the  profession.  .  .  .  The  author* s  additions  have 
been  extensive  and  important,  and  give  increased 
value  to  a  work  that  is  already  recognized  as  oc- 
cupying a  very  conspicuous  place  in  the  medical 
literature  of  the  ^y:'—  College  and  Clinical 
Record. 

"  Since  Bartholow's  '  Materia  Medica '  appeared 
eleven  years  ago,  its  several  editions  have  occupied 
a  place  of  which  its  author  may  well  feel  proud. 
In  the  present  edition  we  find  much  new  matter, 
which,  taken  as  a  whole,  adds  nearly  one  hundred 
pages.  The  'Clinical  Index,'  which  contributes 
greatly  to  the  value  of  the  book,  has  been  retained. 
But  few  books  become  so  popular  as  Bartholow's 
*  Materia  Medica.' " — Practice. 

"Bartholow's  *  Materia  Medica'  is  a  book  too 
well  known  to  the  practitioners  of  medicine  to 
need  at  this  day  any  review.  .  .  .  Unquestionably 
the  new  edition  is  a  great  improvement  on  the  old 
one ;  and  even  if  nothing  were  added  but  a  sum- 
mary statement  about  new  remedies  in  use  since 
the  last  edition,  the  work  would  be  desirable." — 
Gaillard*s  Medical  Journal. 
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A  TREATISE   ON   THE    PRACTICE   OF   MEDICINE, 

for  the  Use  of  Students  and  Practitioners,  By  Roberts  Bartholow, 
M.  A.,  M.  D.|  LL.  D.,  Professor  of  Materia  Medica  and  (jeneral  Therapeu- 
tics in  the  Jefferson  Medical  College  of  Philadelphia;  recently  Professor  of 
the  Practice  of  Medicine  and  of  Clinical  Medicine  in  the  Medical  College 
of  Ohio,  in  Cincinnati^  etc.,  etc. 

Sixth  edition,  revised  and  enlarged,     i  voL,  8vo.     Cloth,  $5.00-  sheep  or  halfrussisi,  $6.00, 

The  same  qualities  and  characteristics  which  have  rendered  the  author's  •*  Treatise  on  Mjitcria 

iMedica  and  Therapeutics  '*  so  acceptable  are  equally  manifest  in  this.     It  is  clear,  condensed,  and 

ccurate.     The  whole  work  is  brought  up  on  a  level  with»  and  jncori>orales,  the  late^it  aLquisitions 

f  medical  science^  and  may  tie  dependea  on  to  contain  the  most  recent  information  up  to  the  date 

of  publication* 

Sl^CIMEN   or   liXl'SniATIOH  tii-i.       1  L  r  J  l 

*'  The  large  ou meter  of  readers  who  are 
already  familLir  with  this  work  will  be  glad 
to  l«am  that  the  present  edition  has  been 
carefully  revised  by  the  author,  considerably 
enlarged,  and  \s  intended  to  include  all  thai 
has  in  the  mir>st  recent  period  been  added  to 
practical  medicine,  ^.pecially  in  its  dinical 
horiitun.  The  author  felicitates  himself  on 
the  large  sales  obtained  for  Lhe  previous  edi- 
^_       _^^  -.«__— ^^^^^^^^^       tions,  and  there  is  no  reason  why  the  pre*- 

fi^  ^v?—     ""~~^!^^^^^^^^^HL      ent  one  should  not  continue  to  gain  in  the 

!>  sl^^^^^^^K     opinion   of  many.     What  doubtless  lends 

^,  "^^i^^^^HHi     ^^  volume  one  of  its  special  attractions  to 

^^B^^mjm  tbese  is  the  authoritative  ejtprcssaons  whidi 
qSMriS.  are  frequent  in  its  pages  on  subjects  where 
the  reader  might  be  left  in  uncertainty  else- 
where, This  remark  applies  Ijoth  to  pa- 
thf>logyand  treatment.  The  fullnes  with 
which  therapeutics  are  tatight  stands  in 
noteworthy  contrast  to  the  majority  of  treat* 
ises  on  practice.  This,  tiio,  is  undoubtedly 
a  feature  which  will  be  agreeable  to  numer- 
ous purchasers,  Sctme  seeming  excess  of 
conciseness  in  certain  portions  is  explained 
by  the  fact  that  this  is  but  one  volume  of  a 
series  proposed  by  the  author,  which  will 
cover  the  whole  domain  of  special  pathulu^y  and  ihcTiLpeuiics/'— Medical  anJ  Sf4r^tca/  ^r/nn^/^r. 

'^That  six  editions  of  such  a  work  sbnuld  be  "  The  deserved  popularity  of  tliis  work  is  attested 

called  for  in  six  years  is,  perhaps^  the  most  Mattering     by  the  fact  that  the  first  edition  was  issued  in  i88r\ 
testimonial  that  a  book  con  receive^  and  must  out-     that  a  second  was  demanded  in  three  months,  and 


weigh  every  other  comment,  favorable  or  unfavor- 
able. In  the  preface  to  this  edition  is  an  announce- 
ment which  wiil  be  welcomed  by  all  of  Dr.  Bartho- 
low's  numerous  admirers,  namely,  that  he  has  now 
in  preparation  another  work  on  the  '  Principles  of 
Medicine  *  which,  together  with  the  one  under  review, 
and  his  '  Materia  Medica  and  Therapeutics,'  shall 
constitute  a  trio  of  volumes,  each  containing  matter 
complementary  to  the  others.  Certainly  three  such 
volumes,  must  constitute  a  monument  which  will  ren- 
der the  writer's  fame  almost  undying,*' —Medica/ 
Pr^ss  of  Western  New  York, 

"Professor  Bartholow  announces  in  the  preface 
of  this  edition  his  intention  of  preparing  a  work  in 
three  volumes  which  shall  cover  the  whole  domain 
of  special  pathology  and  therapeutics.  The  volume 
on  *  Materia  Medica '  appeared  some  time  ago,  but 
the  third  volume,  which  will  treat  of  the  *  Principles 
of  Medicine/  is  now  in  course  of  careful  preparation, 
and  will,  when  published,  complete  a  most  valuable 
set.  The  present  edition  of  Professor  Bartholow's 
♦  Practice '  is  considerably  lurgcr  than  the  last,  several 
new  subjects  having  been  introduced,  together  with 
numerous  new  illustrations.  It  is  deser\'edly  popu- 
lar with  practitioners  and  students,  and  likely  ere 
long  to  b«come  one  of  the  standard  works  on  prac- 
tice, if  it  has  not  already  attained  this  position.-' — 
/^aa/fc  .Iftdicai and  Surpcal  Journai  an4  Wf stern 
Lancet, 


that  the  others  have  followed  them  in  rapid  siic^ 
cession  and  been  met  by  appreciative  students  al* 
ways.  The  author  says  in  his  preface  to  thiseditkm 
that  he  has  sought  to  make  it  worthy  of  the  appro- 
bation of  his  readers  by  increasing  the  practical  re- 
sources of  his  work,  devotmg  his  attention  chiefly  to 
the  dinical  aspects  of  medicine,  without  overlooking 
the  advances  made  in  the  scienti^c  branch.  Thb 
book,  like  the  previous  editions  of  the  work*  is  the 
product  of  a  master  and  an  honored  authority,  and 
in  its  new  form,  wtth  such  of  the  latest  ideas  as  (lie 
author  can  conscientiously  indorse  or  present  for 
consideration,  continues  to  hold  its  place  amon^  the 
standard  text-books  on  all  matters  included  in  it/' — 
North  Carolina  Medical  yommal. 

'*  Thl<  valuable  work  appears  in  its  sixth  edition 
considerably  enlarged,  and  improved  materially  In 
many  respects*  The  arrangement  of  the  subjects 
appears  to  be  pretty  much  the  same  as  in  former 
editions,  and  the  description  of  diseases  is  also  little 
modified.  Some  new  chapters  have  been  added, 
however,  and  new  subjects  introduced »  making  the 
volume  completely  cover  the  entire  domain  of  pno* 
tice,  without  anything  superfluuu&  ConsidcriQC 
the  immense  scope  of  subjects,  the  directness  m 
statement,  and  the  plain,  terse  manner  of  dealing 
with  the  phenomena  of  disease^  this  practical  wodt 
has   no  counterpart."— A rfi»j^ai  Ci/ir  Medical  AVr- 
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ON    THE    ANTAGONISM     BETWEEN     MEDICINES 

AND    BETWEEN    REMEDIES    AND    DISEASES.     Being  the  Cart- 
wright  Lectures  for  the  Year  1880.     By  Roberts   Bartholow,  M.  A., 
M.  D.,  LL.  D.,  Professor  of  Materia  Medica  and  General  Therapeutics  in 
the  Jefferson  Medical  College  of  Philadelphia,  etc.,  etc. 
I  vol.,  Svo.    Cloth,  $1.25. 

**  We  are  glad  to  possess,  in  a  form  convenient  no  doubt  that  this,  his  latest  contribution  to  medi- 

for  reference,  this  most  recent  summary  of  the  physi-  cal  science,  will  add  materially  to  his  previously  high 

ological  action  of  important  remedies,  with  the  de-  reputation.     Much  profit,  no  little  pleasure,  and 

ductions  of  a  careful  and  accomplished  observer,  re-  material  assistance  in  the  solution  of  many  thera- 

garding  the  applications  of  this  knowledge  to  dis-  peutical  problems  are  to  be  obtained  from  a  perusal 

eased  states." — College  and  Clinical  Record.  of  these  lectures.     The  author  has  done  wisely  and 

••There  are  few  writers  who  have  taken  the  conferred  a  boon  by  permitting  their  pubUcation  in 

trouble  to  compile  the  lucubrations  of  the  multitude  i**«  present  book-form,  and  we  are  satisfied  it  will 

of  scribblers  who  find  a  specific  in  every  drug  they  be  extensively  asked  for,  and  just  as  extensively  read 

happen  to  prescribe  for  a  self-limited,  non-malig-  ^^  appreciated.  -Canada  Medical  and  Surgical 

nant  disease ,  and  fewer  who  can  detect  the  trashy  Journal. 

diafT  and  gamer  only  the  ripe,  plump  grains.    This  **  It  will  be  observed  that  the  scope  of  the  work 

Bartholow  has  done,  and  no  one  is  more  ripe,  nor  is  extensive,  and,  in  justice  to  the  author,  not  only 

better  qualificKi  for  this  herculean  task ;  and,  the  is  the  extent  of  this  indicated,  but  the  character  of 

best  of  all  is,  condense  it  all  in  his  antagonisms,  it  is  also  furnished.     No  one  can  read  the  synopsis 

No  one  can  peruse  its  pregnant  pages  without  no-  given  without  being  impressed  with  the  importance 

tidng  the  painstaking  rese^ich  and  large  collection  and  diversity  of  the  subjects  considered.     Indeed, 

of  authorities  from  which  he  has  drawn  his  conclu-  most  of  the  important  forces  in  therapeutics  and 

sions.    The  practitioner  who  purchases  these  antag-  materia  medica  are  herein  stated  and  analyzed  "— 

onisms  will  find  himself  better  qualified  to  cope  with  American  Medical  Bi-  Weekly. 

the  mulUfarious  maladies  after  its  careful  perusal."  ».  Probably  most  of  our  readers  will  consider 

^Indiana  Medical  Reporter.  ^^^  ^^  h^ve  awarded  this  treatise  high  praise  when 

**Thc  criticisms  made  upon  these  lectures  have  we  say  that  it  seems  to  us  the  most  carefully  writ- 

invariably  been  most  favorable,  the  topic  itself  is  ten,   best  thought-out,   and    least  dogmatic  work 

one  of  the  most  interesting  in  the  entire  range  of  which  we  have  yet  read  from  the  pen  of  its  author, 

medicine,  and  it  is  treated  of  by  the  accomplished  It  is  indeed  a  very  praiseworthy  book ;  not  an  origi- 

author  in  a  most  scholarly  manner.     Dr.  Bartholow  nal  research,  indeed,  but,  as  a  risumi  of  the  world's 

worthily  ranks  as  one  of  the  best  writers,  while  at  work  upon  the  subject,  the  best  that  has  hitherto 

the  same  time  one  of  the  most  diligent  workers,  in  been    published  in  any  language." — Philadelphia 

the  medical  field  in  all  America,  and  there  can  be  Medical  Times. 

WINTER  AND  SPRING  ON  THE   SHORES  OF  THE 

MEDITERRANEAN;    or,   the   Genoese    Rivieras,    Italy,   Spain,   Corfu, 

Greece,  the  Archipelago,  Constantinople,  Corsica,  Sicily,  Sardinia,  Malta, 

Algeria,  Tunis,  Smyrna,  Asia  Minor,  with  Biarritz  and  Arcachon,  as  Winter 

Climates.     By  James  Henry  Bennet,  M.  D.,  Member  of  the  Royal  College 

of  Physicians,  London,  etc.,  etc. 

Fifth  edition.     With  numerous  Illustrations  and  Maps,     i  vol.,  i2mo,  655  pp.     Cloth,  $3.50. 

This  work  embodies  the  experience  of  fifteen  winters  and  springs  passed  by  Dr.  Bennet  on  the 
shores  of  the  Mediterranean,  and  contains  much  valuable  information  for  physicians  in  relation  to 
the  health-restoring  climate  of  the  regions  described. 

"  We  commend  this  book  to  our  readers  as  a  vol-  once  entertaining  and  instructive." — Netv  York 
ame  presenting  two  capital  qualifications— it  is  at     Medical  Journal. 

ON  THE  TREATMENT  OF  PULMONARY  CON- 
SUMPTION, by  Hygiene,  Climate,  and  Medicine,  in  its  Connection  with 
Modern  Doctrines.  By  James  Henry  Bennet,  M.  D.,  Member  of  the 
Royal  College  of  Physicians,  London ;  Doctor  of  Medicine  of  the  Uni- 
versity of  Paris,  etc.,  etc. 

I  vol.,  thin  8vo,  190  pp.     Cloth,  $1.50. 

An  interesting  and  instructive  work,  written  in  the  strong,  clear,  and  lucid  manner  which  ap- 
pears in  all  the  contributions  of  Dr.  Bennet  to  medical  or  general  literature. 

"We  cordially  commend  this  book  to  the  at-     temperate  climates,  pulmonary  consumption.'* — De- 
tention  of  all,  for  its  practical,  common-sense  views     troit  Review  of  Medicint. 
of  the  nature  and  treatment  of  the  scourge  of  all 
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GENERAL   SURGICAL   PATHOLOGY  AND  THERA- 

PEUTICS,  in  Fifty-one  Lectures.  A  Text- Book  for  Students  and  Phy- 
sicians. By  Dr.  Theodur  Billroth^  Professor  of  Surgery  in  Vienna. 
With  Additions  by  Dr,  Alexander  von  Winiwarter,  Professor  of  Surgery  in 
Lilttich.  IVanslated  from  the  fourth  German  edition  with  the  special  per-' 
mission  of  the  author^  and  revised  from  the  tenth  edition,  by  Charles  E, 
Hackley,  A,  M.,  M.  D.,  Physician  to  the  New  York  and  Trinity  Hospitals^ 
Member  of  the  New  York  County  Medical  Society,  etc. 
1  vol.,  8vo,  835  pp.     Cloih,  $5.00;  sheep,  $6.00. 
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Giant'CeUex!  SarcomK  with  Cysts  and  Ossifying  Fod  frofn  the  Lonrer  Jaw. — Ma^6«d  3S<3  diaineun. 

"Since  this  translation  was  revised  from  the  sixth  German  edition  in  1874.  two  other  editic»i«" 
have  been  published^     The  present  revision  is  made  to  correspond  lo  the  eighth  German  edition. 

••  Lisiter**  method  of  antiseptic  treatment  is  referred  to  in  various  places,  and  other  new  pciinis 
that  have  come  up  within  a  few  years  are  discussed. 

**A  chapter  has  been  written  on  amputation  and  resection.  In  all,  there  are  seventy^/^ut 
additional  pages,  with  a  number  of  woodcuts.'*- — Extnui  from  Translator's  Pre/ace  io  ike  lifvtje^ 
Editu^n, 

"^  The  want  of  a  book  in  the  English  langiiag:ef  ture  to  say  no  b(r>ok  could  more  p«?rfectly  supply 
presenting  in  a  concise  form  the  views  of  the  Ger-  that  want  than  the  present  volume."— r^  AdJ»- 
man  pathologists,  has  long  t>een  felt^  and  we  ven>    cei, 

THE      PHYSIOLOGICAL     AND     THERAPEUTICAL 

ACTION  OF  ERGOT.     Being  the  Joseph  Mather  Smith  Prize  Essay  for 

1881.     By  Etienne  Evetzky,  M.  D, 

]  voL,  8vo.     Limp  cloth,  $1.00. 

"  In  undertaking  the  present  work  my  object  was  lo  present  in  a  condensed  manner  oil  the 
therapeutic  possibilities  of  ergot.  In  a  task  of  this  nature,  original  research  is  out  of  the  ques* 
lion*  No  man's  evidence  is  sufficient  to  establish  the  merit*  of  a  drug  considered  in  the  manner 
indicaletl,  and  no  one  man's  opportunities  are  sufficient  to  grasp  the  entire  subject.  Consequently 
it  remained  to  gather  from  the  volumes  of  past  and  current  periodical  literature  the  Icfitimony  of 
the  multitude  of  physicians  that  had  been  led  to  use  ergot  in  different  morbid  conditions.  1  have 
recorded  cverythinsj  that  ha?  come  to  my  notice^  I  have  grouped  and  classified  the  immense  mate- 
rial in  our  posscision.  In  all  cases  in  which  the  action  of  ergot  could  be  explained*  I  have  ml- 
tempted  to  do  so,  although  this  task  is  frequently  difficult,  if  not  impossible,  *  .  .  Tlic  reader  will 
sec  that  ergot  has  been  used  in  a  large  number  of  diseases ;  some  of  these  uses  hnve  little  or  00 
practical  v3ue,  yet  it  is  very  important  to  know  them,  as  they  serve  to  illustrate  the  therapeutic 
properties  of  the  drug.  They  have  been  brought  to  the  notice  of  the  reader  without  any  com- 
ments, but  those  that  are  essential  and  of  the  greatest  practical  importance  have  been  dealt  wilb 
more  fully.  Among  the  latter  may  be  mentioned  the  use  of  ergot  in  inflammation*  aneurism,  car- 
dliac  diseases,  the  post*partiirieiil  state,  uterine  fibroid  tumors,  rheumatism^  etc/* — Fw^m  PrrJ*ut* 
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OBSTETRIC  CLINIC.    A  Practical  Contribution  to  the  Study 

of  Obstetrics,  and  the  Diseases  of  Women  and  Children.     By  George  T, 

Elliot,  M,  D.,  late  Professor  of  Obstetrics  and   Diseases  of  Women  and 

Children  in  the  Bellevue  Hospital  Medical  College ;  Physician  to  Bellevue 

Hospital  and  to  the  New  York  Lying-in  Asylum,  etc. 

I  vol.,  8vo,  458  pp.     Cloth,  $4,50. 

This  work  is,  in  a  measure,  a  r/sum/ of  separate  papers  previously  prepared  by  the  late  Dr. 
Elliot;  and  contaius,  besides,  a  record  of  nearly  two  hundred  tmportaiit  and  difficult  cases  in  mid- 
wifcrvt  selected  from  his  own  practice.  The  cases  thus  collected  represent  faithfully  the  dilfi- 
cutties,  anxieties,  and  disappointments  inseparable  from  the  practice  of  obstetrics,  as  well  as  some 
of  the  successes  for  which  the  profession  are  entitled  to  hope  in  these  arduous  and  responsible 
tasks.  It  has  met  with  a  hearty  reception,  and  has  received  the  highest  encomiums  both  m  this 
country  and  in  Europe. 

THE   SOURCE   OF    MUSCULAR    POWER.     Arguments 

and  Conclusions  drawn  from  Observations  upon  the  Human  Subject  under 
conditions  of  Rest  and  of  Muscular  Exercise.  By  Austin  Flint,  Jr.,  M.  D;, 
Professor  of  Physiology  in  the  Bellevue  Hospital  Medical  College,  New 
York,  etc.,  etc. 

1  vol.,  8vo,  loj  pp.     Clotli,  $i.oa 

'*  There  are  few  otiestions  relating  to  Philosophy  of  greater  interest  and  importance  than  the 
one  which  is  the  subject  of  this  essay»  I  have  attempted  to  present  an  accurate  statement  of  my 
own  observations  and  what  seem  to  me  to  be  the  logical  conclusions  to  l)e  drawn  from  them,  as 
well  as  from  experiments  made  by  others  upon  the  human  subject  onder  conditions  of  rest  and  of 
muacular  exercise." — Fr&m  the  Prtfitcf. 

ON   THE    PHYSIOLOGICAL    EFFECTS  OF   SEVERE 

AND  PROTRACTED  MUSCULAR  EXERCISE.  W^ith  special  ref* 
erence  to  its  Influence  upon  the  Excretion  of  Nitrogen.  By  .A.ustin  Flint, 
Jr.»  M.  D.,  Professor  of  Physiology  in  the  Bellevue  Hospital  Medical  Col- 
lege, New  York,  etc.,  etc. 

I  vol.,  8vo,  gi  pp.     Cloth,  $1.00. 

This  monograph  on  the  relations  of  Urea  to  Exercise  is  the  restilt  of  a  thorough  am!  careful 
investigation  made  in  the  case  of  Mr.  Edward  Payson  Weston,  the  celebrated  pedestrian.  The 
chemical  analyses  were  made  under  the  direction  of  R,  O.  Dorcmus,  M.  D.,  Professor  of  Chem- 
istry and  Toxicology  in  the  Bellevue  Hospital  Medical  College,  by  Mr.  Oscar  Loew,  his  assistant. 
The  observations  were  made  with  the  co-operation  of  J.  C.  Dalion,  M.  D.»  Professor  of  PhvbioU 
ogy  in  the  College  of  Physicians  and  Surgeons;  Alexander  B.  Mott,  M.  D.,  Professor  of  Surgical 
Anatomy;  W.  H.  Van  Buren,  M.  D.,  Professor  of  Principles  of  Surgery;  Austin  Hint,  M.  D., 
Professor  of  the  Principles  and  Practice  of  Medicine;  W.  A.  Hammond,  M.  D.,  Professor  of  the 
Diseases  of  the  Mind  and  Nervous  System — all  of  the  Bellevue  Hospital  Medical  College, 


MANUAL  OF  CHEMICAL  EXAMINATION  OF  THE 

URINE  IN  DISEASE.     With  Brief  Directions  for  ihe  Examination  of 

the  most  Common  Varieties  of  Urinary  Calculu     By  Austin  Flint,  Jr., 

M.  D.,  Professor  of  Physiology  and  Microscopy  in  the  Bellevue  Hospital 

Medical  College  ;   Fellow  of  the  New  York  Academy  of  Medicine,  etc. 

Fifth  edition,  revised  and  corrected,     t  vol.,  i2mo,  77  pp.     Cloth,  $1,00, 

The  chief  aim  of  this  little  work  is  to  enable  the  busv  practitioner  to  mnke  for  himself,  rapidly 
and  easily,  all  ordinary  cxarninations  of  irrine;  to  give  him  the  benefit  of  the  author's  experience 
in  eliminating  little  difficulties  in  the  manipulations,  and  in  reducing  processes  of  analysis  to  the 
utmost  simplicity  that  is  consistent  with  accuracy- 

**  We  do  not  know  of  any  work  in  English  so  reputation  of  the  author  \&  a  sufficient  guarantee  of 
complete  and  handy  as  the  Manual  now  offered  to  the  accuracy  of  all  the  directions  given." — youmai 
the  Profession  by  Dr.  Flint,  and  lb<j  high  scientific     &/ Appiied  Chemistry, 
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TEXT-BOOK   OF   HUMAN    PHYSIOLOGY,  for  the  Use 

of  Students  and  Practitioners  of  Medicine.     By  Austin  Flint,  Jr.,  M.  D,» 
Professor  of  Physiology  and  Physiological  Anatomy  in  the  Bellevue  Hospital 
Medical  College,  New  York  ;  Fellaw  of  the  New  York  Academy  of  Medi- 
cine, etc. 
Third!  edition.     Revised  and  corrected.     In  one  large  Svu  vulnme  of  97^  pp.,  elcgonlly  printed  on 

fin^;  paper,  and  profiii.dy  illustrated  with  ttiree  LiLhograpbic  Plates  and  315  Engravings  on 

Woo«U    Cloth,  $6.00  J  sbcep,  $7.00. 
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Longitudittiit  ^icciioii  01  the  Human  IjuynM^ 
^showing  the  Vocal  Corda. 
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SttMnacli,  Pancpeai,  Large  Intestine,  etc. 

**  The  author  of  thi*  work  takes  rank  among  the 
verjr  ff>remost  physioloirists  of  the  day,  and  the  care 
which  he  has  bestowed  m  bringing  this  third  edition 
of  hb  text-book  up  to  the  pirsent  position  of  his 
science  is  exhibited  in  every  chapter." — Mfdical  iind 
Surgical  Rf porter  { Pkiiadeiphia). 

*'In  the  atnount  of  matter  that  it  contains,  in 
the  aptness  and  beauty  of  its  illustrations,  in  the 
iRiriety  of  experiments  described,  in  the  complete- 
ness with  which  it  discuAse^  the  whole  field  of  human 
physiolop>\  thi*  work  surpasses  any  text-book  in 
the  Englfeh  language."— Z^c/rti//  Lancet, 

"  The  student  and  the  practitioner,  whose  sound 
practice  must  be  fc>ased  on  an  intelligent  appreciation 
of  the  principles  of  physiology,  will  herein  find  all  sub- 
^t<  in  which  they  are  interested  fully  discussed  and 
thoroughly  elaborated." — College  and  Clin.  Record. 

**  We  have  not  the  slightest  intention  of  criticis- 
ni^  the  work  t>efore  u*?.  The  medical  profession 
skoA  oolkges  have  taken  that  prerogative  out  of  the 


hands  of  the  journalists  by  adopting  it  as  oc»e  1 
I  heir  standard  text-books.     The  vvoiic  has  very  fie" 
equals  and  no  superior  in  our  language^  and  e%'efy*'* 
body  knows  it." — Naknemanntan  Moittkly. 

**  We  need  only  say  that  in  this  third  edition  die 
work  has  been  carefully  and  thoroughly  revised.  It 
is  one  of  our  standard  text-bcx*ks,  and  no  physician's 
library  should  be  without  iL  We  treasure  it  highty. 
shall  give  it  a  choice,  snug,  and  prominent  position 
on  our  shelf »  and  deem  ourselves  fortunate  to  pes* 
sess  this  elegant,  comprehensive,  and  authoritative 
worit/' — American  Specialist. 

"  Professor  Flint  is  one  of  the  most  practical 
teachers  of  physiology  in  this  country,  and  his  book 
is  eminently  like  the  man.  It  is  very  fuU  and  com* 
plete,  containing  practically  all  the  established  lacla 
relating  to  the  different  -subjects.  This  edition  con- 
tains a  number  of  importaiil  additions  and  ^uOMi* 
besides  numerous  correction*,  of  slight  typogimplucal 
and  other  errofs,**—  Okto  Medtml  ke^^rdtr^ 
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THE  PHYSIOLOGY  OF  MAN.  Designee!  to  represent  the 
Existing  State  of  Physiological  Science  as  applied  to  the  Functions  of  the 
Human  Body.  By  Austin  Flint,  Jr.,  M.  D.,  Professor  of  Physiology  and 
Physiological  Anatomy  in  the  Bellevue  Hospital  Medical  College,  New 
York;  Fellow  of  the  New  York  Academy  of  Medicine,  etc.,  etc. 

New  and  thoroughly  revised  edition.     In  5  vols.,  8vo.     Per  volume,  cloth,  $4.50;  sheep,  $5.50. 

Volume      I.  The  Blood ;  Circulation ;  Respiration. 

Volume    II.  Alimentation ;  Digestion ;  Absorption ;  Lymph  and  Chyle. 

Volume  III.  Secretion;    Excretion;    Ductless   Glands;    Nutrition;    Animal 

Heat;  Movements;  Voice  and  Speech. 
Volume   IV.  The  Nervous  System. 
Volume     V.  Special  Senses ;  Generation. 


**As  a  book  of  general  information  it  will  be 
found  useful  to  the  practitioner,  and,  as  a  book  of 
reference,  invaluable  in  the  hands  of  the  anatomist 
and  physiologist.'* — Dublin  Quarterly  Journal  of 
Mtdical  Science. 

"  Dr.  Flint's  reputation  is  sufficient  to  give  a 
character  to  the  book  among  the  profession,  where 
it  will  chiefly  diculate,  and  many  of  the  facts  given 


have  been  verified  by  the  author  in  his  laboratory 
and  in  public  demonstration."— CArira^<?  Courier. 

**  The  author  bestows  judicious  care  and  labor. 
Facts  are  selected  with  discrimination,  theories  crit* 
ically  examined,  and  conclusions  enunciated  with 
commendable  clearness  and  precision.'* — American 
Journal  of  the  Medical  Sciences. 


informed  upon  the  grave  social  questions  to  which 
this  disease  imparts  an  absorbing  interest,  can  afford 
to  leave  this  valuable  work  unread."  —  St.  Louis 
Clinical  Record. 

"  The  author  handles  this  grave  social  problem 
without  stint,  h  general  perusal  of  this  work  would 
be  of  untold  benefit  to  society." — Louisville  Medical 


SYPHILIS   AND    MARRIAGE.     Lectures  delivered  at  the 

*  St.  Louis  Hospital,  Paris.     By  Alfred  Fournier,  Professeur  d  la  Faculty 

de  M^decine  de  Paris ;  M^decin  de  THdpital  Saint-Louis.     Translated  by 

P.  Albert  Morrow,  M.  D.,  Physician  to  the  Skin  and  Venereal  Department;, 

New  York  Dispensary,  etc.,  etc. 

I  vol.,  8vo.     Cloth,  $2.00;  sheep,  $3.00. 

••  The  book  supplies  a  want  long  recog:nized  in 
medical  literature,  and  is  based  upon  a  very  ex- 
tended experience  in  the  special  hospitals  for  syphilis 
of  Paris,  which  have  furnished  the  author  with  a  rich 
and  rare  store  of  clinical  cases,  utilized  by  him  with 
great  discrimination,  originality,  and  clinical  judg- 
ment. It  exhibits  a  profound  knowledge  of  its  sub- 
ject under  all  relations,  united  with  marked  skill  and 
tact  in  treating  the  delicate  social  questions  neces- 
sarily involved  in  such  a  line  of  investigation.  The 
entire  volume  is  full  of  information,  mnemonically 
condensed  into  axiomatic  '  points.'  It  is  a  book  to 
buy,  to  keep,  to  read,  to  profit  by,  and  to  lend  to 
others." — Boston  Medical  and  Surgical  Journal. 

•'  This  work  of  the  able  and  distinguished  French 
syphilographer,  Professor  Fournier,  is  without  doubt 
one  of  the  most  remarkable  and  important  produc- 
tions of  the  day.  Possessing  profound  knowledge 
of  syphilis  in  all  its  protean  forms,  an  unexcelled 
experience,  a  dramatic  force  of  expression,  untinged, 
however,  by  even  a  suspicion  of  exaggeration,  and 
a  rare  tact  in  dealing  with  the  most  delicate  prob- 
lems, he  has  given  to  the  world  a  series  of  lectures 
which,  Imt  their  fascination  of  style,  compels  atten- 
tion, and  by  their  profundity  of  wisdom  carries  con- 
viction."— St.  Louis  Courier  of  Medicine  and  Col- 
lateral Sciences. 


"Written  with  a  perfect  fairness,  with  a  supe- 
rior ability,  and  in  a  style  which,  without  aiming  at 
effect,  engages,  interests,  persuades,  this  work  is  one 
of  those  which  ought  to  be  immediately  placed  in 
the  hands  of  every  physician  who  desires  not  only 
to  cure  his  patients,  but  to  understand  and  fulfill  his 
duty  as  an  nonest  man." — Lyon  Medicate. 

*'  No  phjTsician,  who  pretends  to  keep  himself 


News. 

"  The  subject  is  treated  by  Professor  Fournier  in 
a  manner  that  is  above  criticism.  Exhaustive  clini- 
cal knowledge,  discriminating  judgment,  and  thor- 
ough honesty  of  opinion  are  united  in  the  author, 
and  he  presents  his  subject  in  a  crisp  and  almost 
dramatic  style,  so  that  it  is  a  positive  pleasure  to 
read  the  book,  apart  from  the  absolute  importance 
of  the  question  of  which  it  treats." — New  York 
Medical  Record. 

'•  Every  page  is  full  of  the  most  practical  and 
plain  advice,  couched  in  vigorous,  emphatic  lan- 
guage."— Detroit  Lancet. 

"  The  subject  here  presented  is  one  of  the  most 
important  that  can  engage  the  attention  of  the  pro- 
fession. The  volume  should  be  generally  read,  as 
the  subject-matter  is  of  great  importance  to  society." 
— Maryland  Medical  Journal. 

"We  can  give  only  a  very  incomplete  idea  of 
this  work  of  M.  Fournier,  which,  by  its  precision, 
its  clearness,  by  the  forcible  manner  in  which  the 
facts  are  grouped  and  presented,  defies  all  analysis. 
'  Syphilis  and  Marriage '  ought  to  be  read  by  all 
physicians,  who  will  find  in  it,  first  of  all,  science, 
but  who  will  also  find  in  it,  during  the  hours  ther 
devote  to  its  perusal,  a  charming  literary  pleasure/ 
— Annates  de  Dermatologie  et  de  Syphiligrapku, 
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CYCLOPAEDIA   OF    PRACTICAL    RECEIPTS,  and  Col- 

lateral  Information  in  the  Arts,  Manufactures,  Professions,  and  Trades, 
including  Medicine^  Pharmacy,  and  Domestic  Economy.  Designed  as  a 
Comprehensive  Supplement  to  the  Pharmacopoeia,  and  General  Book  of 
Reference  for  the  Manufacturer,  Tradesman,  Amateur,  and  Heads  of  Fam- 
ilies. Sixth  edition,  revised  and  partly  rewritten  by  Richard  V.  Tusqn, 
Professor  of  Chemistry  and  Toxicology  in  the  Royal  Veterinary  College. 
Complete  in  2  vols.,  1^796  pp.     With  Illustrations,     Clothe  ^.oo. 

Cooler's  •*  Cyclopaedia  of  Practical  Receipts  '*  has  for  many  years  enjoyed  an  extended  rcpuUu  J 
tion  for  its  accuracy  and  comprehensiveness,     llie  sixth  edition*  now  just  completed,  is  larger] 
than  the  last  by  some  six  hundred  pages.     Much  greater  space  than  hitherto  is  devoted  to  Hygiene^ 
(including  sanitation,  the  composition  and  adulteration  of  foods),  as  well  as  to  the  Arts,  Phar- 
rnacy*  Manufacturing  Chemistry,  and  other  subject*  of  importance  to  those  for  whom  the  work  is 
intended-     The  articles  on  what  is  commonly  termed  *'  Household  Medicine"  have  been  ampli- 
fied and  numerically  increased. 

The  dej^ign  of  tjiis  work  is  briefly  but  not  completely  expressed  in  its  tide-page.     Independ- 
ently of  a  reliable  and  comprehensive  collection  of  formuL"e  and  processes  in  nearly  all  the  indus^d 
trial  and  useful  arts,  it  contains  a  description  of  the  leading  properties  and  applications  of  the 
substances  referred  to,  together  with  ample  directions,  hints,  data,  and  allied  information,  cmliSi 
culated  to  facilitate  the  development  of  the  practical  value  of  the  l)ook  in  the  shop,  the  laborator|rg/ 
the  factory,  and  the  household.     Notices  of  the  substances  embraced  in  the  Materia  Medica,  m\ 
addition  to  the  whole  of  their  preparations,  and  numerous  other  animal  and  vegetable  substane 
employed  in  medicine,  as  well  as  most  of  those  used  for  foixl,  clothing,  and  fuel,  with  their  ec 
nomic  applications,  have  been  included  in  the  work.    The  synonyms  and  references  are  other  addi- 
tions which  will  prove  invaluable  to  the  reader*     Lastly,  there  have  been  appended  to  all  the 
principal  articles  referred  to  brief  but  clear  directions  fordetermininc  their  purity  and  commcrcia 
value,  and  for  detecting  their  presence  and  proportions  in  compounds.     The  indiscriminate  adopi-^ 
tion  of  matter,  without  examination,  has  been  uniformly  avoided,  and  in  no  instance  has  any  fdrm- 
ula  or  process  been  admitted  into  this  work,  unless  it  rested  on  some  well-known  fact  of  s^cnce* 
had  been  sanctioned  by  usage,  or  come  recommended  by  some  respectable  authority* 

THE  COMPARATIVE  ANATOMY  OF  THE  DOMES- 
TICATED ANIMALS,  By  A.  Chauveau,  Professor  at  the  Lyons  Vet- 
erinary School.  Second  edition,  revised  and  enlarged,  with  the  co-operation 
of  S,  Arloing,  late  Principal  of  Anatomy  at  the  Lyons  Veterinary  School; 
Professor  at  the  Toulouse  Veterinary  School  Translated  and  edited  by 
George  Fleming,  F.  R.  G»  S.,  M.  A.  L^  Veterinary  Surgeon,  Royal  Engineers* 

I  vol.,  8vo,  957  pp.     With  450  Illustrations.     Cloth,  $6,00. 

Sp^OMIlN  or    iLLUtTKATtOM. 


^T 


**  Taking  it  altogether,  the  bx>k  is  a  very  wel- 
come addition  to  Engiish  literature,  and  gneat  credit 
is  due  to  Mr.  Fleminij  for  ihe  excellence  of  the  tran&« 
tation.  and  the  many  additional  notes  he  has  ap- 
pended to  Cliauveau's  Ireatisc." — lancet  { London }, 

"  Tbe  desoiptions  c^  the  text  are  illu£trat«d  and 


assisted  by  no  \es&  than  450  iLTcelJent  woodcutsv  la 
a  work  which  ranges  over  so  vast  a  fi«ld  of  atiatooil* 
cal  detail  and  description,  it  is  difficult  to  selrct  any 
ont;  portion  for  review,  but  our  examination  of  it 
enables  us  to  speak  in  hi^h  terms  of  its  [general  ez-^ 
celtence.  .  »  ." — Medical  Tim^s  and  GatttU  {Im^ 


CO:S  MEDICAL   WORKS, 


THE     HISTOLOGY    AND    HISTO-CHEMISTRY    OF 

MAN.  A  Practical  Treatise  on  the  Elements  of  Composition  and  Struc- 
ture of  the  Human  Body.  By  Heinrich  Frey,  Professor  of  Medicine  in 
Zurich.  Translated  from  the  fourth  German  edition,  by  Arthur  E.  J.  Bar- 
ker, Surgeon  to  the  City  of  Dublin  Hospital;  Demonstrator  of  Anatomy, 
Royal  College  of  Surgeons,  Ireland;  and  revised  by  the  Author.  With  680 
Engravings. 

t  vol.,  8vo,  6S3  pp.     Clothf  $5;  sheep,  ifl6* 

COiVTENTS^—Thf^  Elements 
of  Composition  and  of  Sirucmre 
of  the  Body :  Elements  of  Com* 
position — Albuminous  or  Prolein 
Compounds^  Hjemoglobulin.  His- 
togenic  Derivatives  of  the  Albu- 
minous Substances  or  Albumi- 
noidi^  the  Fatty  Acids  and  Fat*, 
the  Carbo-hydrates*  Non-Nitn> 
genous  Adds,  Nitrogenous  Add^, 
Amides^  Amido-Adds,  and  Or 
panic  Base*,  Animal  ColoriiiL: 
Matter*,  Cyanogen  Compouriti^, 
Mineml  Constituents;  Element 
of  Structure — the  Cell,  the  Origin 
of  the  Remaining  Element*  oJ 
Tissue;  the  Tissues  of  the  Body 
— ^Tissues  composed  of  Simple 
Cells,  with  Fluid  IntermedJate 
Substance,  Tissues  composed  of 
Simple  Cell?,  with  a  small  amouni 
of  Solid  Intermediate  Substance, 
Tissues  belonging  to  the  Con- 
nective Substance  Group,  Tissues 
composed  of  Transformed  and, 
as  a  rule,  Cohering  Cells,  with 
Hoinogeneousi  Scanty,  and  more  or  less  Solid  Intermediate  Substance  \  Composite  Tissues  :  The 
Organs  of  the  Body— Organs  of  the  Vegetative  Type,  Organs  of  the  Animal  Group. 

CONSERVATIVE    SURGERY,  as  exhibited   in   remedying 

some  of  the  Mechanical  Causes  that  operate  injuriously  both  in  Health  and 

Disease.     With  Illustrations.     By  Henry  G.  Davis,  M.  D.,  Member  of  the 

American  Medical  Association*  etc.,  etc. 

I  vol.,  8vo,  315  pp.    Cloth,  $3. 

The  author  has  enjoyed  rare  facilities  for  the  study  and  treatment  of  certain  classes  of  dtsea?ie, 
and  the  records  here  presented  to  the  profession  are  the  gradual  accumulation  of  over  thirty  years^ 
investigation. 

'•Dr.  Davb,  brining;  as  he  doe*  In  hi*  sp«»in:]ty     de^m  it  worthy  of  a  place  in  every  physidjin*5  li- 
greai  aptitude  fur  the  siilution  of  ni.    ■  ";    ^  The  style  is  unpretending,  but' trenchant» 

pi5i.  Lakes  a  high  rank  as  an  ortii'  iiic,  and,  hcsX.  of  all^  quite  intelligible." — AfrJt- 

aad  his  very  practical  coiitributjrm  t  \\x0rd. 

of  the  subject  is  both  valuable  and  opportune.     We 

YELLOW     FEVER     A     NAUTICAL     DISEASE.      Its 

Origin  and  Prevention^     By  John  Gamgee. 

I  vol,  8vo,  207  pp»     Clothe  $1.50. 


Transverse  Section  CM  a  Human  Bone. 


'*  The  author  discusses,  with  a  vast  array  of  clear 
and  well-digested  facts,  the  nature  and  prevtniion 
oi  vellow  fever.  The  work  is  admirably  written, 
ana  the  author's  theories  plausible  and  well  su&* 
talned  by  logicd  deductions  from  established  facts.'* 


'*  The  theory  is  certainly  shown  to  be  a  plausible 
one  ;  and  every  reader,  whether  he  be  convinced  or 
not.  can  not  but  be  interested,  instructed,  and  set  to 
thinking.  "^Z^«r^/  and  Ciinic. 
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CONTRIBUTIONS  TO  REPARATIVE  SURGERY. show- 

ing  its  Applicatioo  to  the  Treatment  of  Deformities,  produced  by  Destruc- 
tive Disease  or  Injury;  Congenital  Defects  from  Arrest  or  Excess  of  Devel- 
opment ;  and  Cicatricial  Contractions  following  Burns.  Illustrated  by  Thirty 
Cases  and  fine  Engravings.  By  Gurdon  Buck,  M.  D. 
I  vol.,  8vo,  237  pp.    Cloth,  $3. 

**  There  is  no  department  of  sargery  where  the  ingenuity 
and  skill  of  the  surgeon  ar^  more  severely  taxed  thftn  whei 
required  lo  repair  the  damage  sustained  by  the  loss  of  parts, 
or  to  remove  tlie  disfigurement  produced  by  destructive  dis 
ease  or  violence^  or  to  remedy  tne  deformities  of  congenita 
malformation.     The  results  obtained  in  such  cases  withtlli 
the  Jait  half'Cenltiry  are  among  the  most  sat].s factory  achieve^ 
mcnts  of  modern  surgery.     The  term  •  Reparative  Surgery  ' 
cbo^en  a&  the  title  of  this  volume,  though  tt  may,  in  a  coi 
prehensive  sense,  be  a[^plied  to  the  treatment  of  a  grc 
variety  of  lesions  to  which  the  body  is  liable,  is,  howeve 
restricted  in  this  work  exclusively  to  what  has  fallen  undeff^ 
the  author's  own  observation,  and  has  been  subjected  to  thftl 
test  of  experience  in  his  own  practice.     It  largely  embrace 
the  treatment  of  lesions  of  the  face,  a  region  in  wliich  plastf 
surgery  finds  its  most  frequent  and  important  applications»l 
Another  and  no  less  important  class  of  lesions  will  also  bef 
found,  to  have  occupied  a  large  share  of  the  author's  ntten* 
tion,  viz.,  cicatricial  contractions  following  bums.     While 
these  cases  have  a  very  strong  claim  upon  our  commiscraJ 
tion,  and  should  stimulate  us,  as  surgeons,  to  the  greatest 
cdorts  for  their  relief^  they  have  too  often  in  the  past  been 
dismissed  as  hopelessly  incurable.     The  satisfactory  resuU» 
obtained  in  the  cases  reported  in  this  volume  will  encotir-J 
age  other  surgeons,  we  trust,  to  resort  wnth  greater  hopeiJ 
fulness  in  the  future  to  operative  interference.     Acctirac 
of  description  and  clearness  of  statement  have  been  aime 
at  in  the  following  page<) ;  and  if,  in  his  endeavor  to  attatd 
this  important  end,  ihe  author  has  incurred  the  reproach  of 
tedious  nes  5,  the  difficulty  of  the  task  must  be  his  apology  J 
— Extract  /mm  Pu/ace, 


THE    CHEMISTRY    OF    COMMON     LH^E.      Illustrated 

with  numerous  Wood  Engravings.     By  the  late  James  F,  VV.  Johnson, 
F.  R.  S.,   Professor  of  Chemistry  in   the  University  of  Durham.     A  new, 
edition,  revised  and  brought  down  to  the  Present  Time.     By  Arthur  Her- 
bert Church,  M.  A.,  Oxon, 
Illustrated  with  Maps  and  numerous  Engravings  on  Wood.     In  one  vol.,  i2mo,  592  pp.     $2. 

SUAfMAHV  OF  CONTENTS.^Tht  Air  we  Bre.ithc;  the  Water  we  Drink;  the  Soil  we 
Cultivate;  the  Plant  we  Rearj  the  Bread  we  F.at;  the  Beef  we  Cook;  the  Beverages  we  Infuse; 
the  Sweets  we  Extract ;  the  Liouors  we  Ferment ;  the  Narcotics  we  Indulge  in ;  the  Poisons  we 
Select;  the  Odors  we  Enjoy;  the  Smells  we  Dislike;  Ihe  Colors  w^e  Admire;  What  we  Breathy 
and  Breathe  for;  W^hal,  How,  and  Why  we  Digest;  the  Body  we  Cherish;  the  Circulation 
Matter. 

THE  TONIC  TREATMENT   OF    SYPHILIS.     By  E.  L. 

Keyes,  a.  M.,  M,  D.,  Adjunct  Professor  of  Surger>'  and  Professor  of  Der- 
matology in  the  Bellevue  Hospital  Medical  College^  etc. 
1  vol.,  Svo,  85  pp.     Cloth,  $1. 

**  My  studies  in  syphilitic  blood  have  yielded  results  at  once  so  gratifpng  to  me,  and  so  coik' 
vincing  as  to  the  tonic  influence  of  minute  doses  of  mercury,  that  I  feel  impelled  to  lay  this  brief 
treatise  before  the  medical  public  in  support  of  a  continuous' treatment  of  syphilis  by  small  (tonic) 
doses  of  mercurjr.     I  believe  that  a  general  trial  of  the  method  will,  in  the  long  run,  vindicate  its 
excelience." — Extract  from  Preface, 
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A    PRACTICAL  TREATISE    ON   TUMORS    OF   THE 

MAMMARY  GLAND:  embracing  their  Histology,  Pathology,  Diagnosis, 
and  Treatment.  By  Samuel  W.  Gross,  A.  M.,  M.  D.,  Surgeon  to,  and 
Lecturer  on  Clinical  Surgery  in,  the  Jefferson  Medical  College  Hospital 
and  the  Philadelphia  Hospital,  etc. 

In  one  handsome  8vo  vol.  of  246  pp.,  with  29  Illustrations.     Cloth,  $2.50. 

"The  work  opportunely  supplies  a  real  want, 
and  is  the  result  of  accurate  work,  and  we  heartily 
recommend  it  to  our  readers  as  well  worthy  of  care- 
ful study." — London  Lancet. 

**  We  know  of  no  book  in  the  English  language 
which  attempts  to  cover  the  ground  covered  by  this 
one — indeed,  the  author  seems  to  be  the  first  who  has 
sought  to  handle  the  whole  subject  of  mammary 
tumors  in  one  systematic  treatise.  How  he  has  suc- 
ceeded will  best  be  seen  by  a  study  of  the  book  itself. 
In  the  early  diapters  the  classification  and  relative 
frequency  of  the  various  tumors,  their  evolution  and 
transformations,  and  their  etiology,  are  dealt  with ; 
then  each  class  is  studied  in  a  separate  chapter,  in 
which  the  result  of  the  author*s  work  is  compared 
with  that  of  others,  and  the  general  conclusions  are 
drawn  which  give  to  the  book  its  great  practical 
value ;  finally,  a  chapter  is  devoted  to  diagnosis,  one 
to  treaitment,  aiid  one  to  the  tumors  in  the  mam- 
mary gland  of  the  male."  —  New  York  Medical 
yournal. 

"  We  heartily  commend  this  work  to  the  profes- 
sion, knowing  that  those  who  study  its  pages  will 
be  well  repaid  and  have  a  better  understanding  of 
what  to  the  average  practitioner  is  obscure  and  un- 
satisfactory."— Toledo  Medical  and  Surgical  Jour- 
nal. 

*'Dr.  Gross  has  produced  a  work  of  real  and 
permanent  value ;  it  is  not  overstating  the  truth  to 
say  that  this  little  volume  is  probably  the  best  con- 
tribution to  medical  science  which  the  present  year 
has  brought  forth.    We  believe  that  the  author  has 


Cystic  Encephaloid  Cardooma. 

done  what  he  has  set  out  to  do,  viz.,  constructed  a 
systematic  and  strictly  accurate  treatise  on  mamman 
tumors,  and  brought  to  his  task  all  the  light  afTorded 
by  the  most  recent  investigations  into  their  pathol- 
ogy."— St.  Louis  Clinical  Record. 

"  This  book  is  a  real  contribution  to  our  profes- 
sional literature ;  and  it  comes  from  a  source  which 
commands  our  respect.  The  plan  is  very  systematic 
and  complete,  and  the  student  or  practitioner  alike 
will  find  exactly  the  information  he  seeks  upon  an^i 
of  the  diseases  which  are  incident  to  the  mammary 
gland." — Obstetrical  Gazette. 

"  Altogether,  the  work  is  one  of  more  than  ordi 
nary  interest  to  the  surgeon,  gynaecologist,  and  phy- 
sician."—Z^/r<;//  Lancet. 


OUTLINES    OF    THE    PATHOLOGY    AND    TREAT- 

MENT  OF  SYPHILIS  AND  ALLIED  VENEREAL  DISEASES.  By 
Hermann  von  Zeissl,  M.  D.,  late  Professor  at  the  Imperial- Royal  Univer- 
sity of  Vienna.  Second  edition,  revised  by  Maximilian  von  Zeissl,  M.  D., 
Privat-Docent  for  Diseases  of  the  Skin  and  Syphilis  at  the  Imperial-Royal 
University  of  Vienna.  Authorized  edition.  Translated,  with  Notes,  by  H. 
Raphael,  M.  D.,  Attending  Physician  for  Diseases  of  the  Genito-Urinary 
Organs  and  Syphilis,  Bellevue  Hospital  Out-patient  Department,  etc. 
8vo.  402  pages.     Cloth,  $4.00;  sheep,  $5.00. 

"  Medical  science  suffered  a  severe  loss  when,  in 
September,  1884,  Hermann  von  Zeissl  died.  Hap- 
pily for  us,  this  master  in  his  chosen  specialty  had 
embodied  the  results  of  his  vast  experience  in  a  text- 
book on  syphilis  and  venereal  diseases  and  published 
it  some  years  before  his  death.  The  book  now  be- 
fore us  is  a  second  edition  of  the  former  book,  re- 
vised and  in  large  part  rewritten  by  Maximilian  von 
Zeissl,  and  issued  in  the  orig^inal  some  seven  months 
before  the  father's  death.  It  is  a  masterly  treatise 
and  thoroughly  practical.  We  can  commend  it  to 
all  who  are  interested  in  venereal  subjects.  .  .  .  Dr. 
Raphael  has  made  a  smooth  and  readable  transla- 
tion and  has  added  much  valuable  matter  to  the  book, 
adapting  it  to  the  use  of  American  physicians.  The 
chapter  on  galloping  syphilis  is  entirely  by  him." — 
The  New  York  Medical  Journal. 


**  We  regard  the  book  as  an  excellent  text-book 
for  student  or  physician,  and  hope  to  hear  of  its 
adoption  as  such  In  therapeutic  detail,  the  rec- 
ommendations are  all  good." — Virginia  Medical 
Monthly. 

*'  It  is  scarcely  necessary  to  refer  to  the  talented 
author  of  the  above-named  work,  since  his  life-long 
labor  as  a  teacher  and  writer  upon  venereal  diseases 
has  made  him  known  and  quoted  wherever  these  af- 
fections exist  and  are  treated." — Polyclinic. 

"  The  book  is  a  most  excellent  one  in  every  re- 
a^pect,  and  the  translator  has  done  his  work  well." — 
Columbus  Medical  Journal. 

"  It  is  a  most  thorough  and  practical  manual,  and 
translator  and  publisher  both  have  done  well  in  their 
respective  capacities  in  thus  issuing  iV— Medical 
Press  0/  fVestem  New  York. 


H 


JN  6-  CO:S  MEDICAL   WORKS, 


EMERGENCIES,    AND     HOW     TO     TREAT    THEM 

The  Etiology,  Pathology,  and  Treatment  of  Accidents^  Diseases,  and  Cases  i 
of  Poisoning,  which  demand  Prompt  Action.     Designed  for  Students  and 
Practitioners  of  Medicine.     By  Joseph  W.  Howe*  M.  D.,  Clinical  Profess- 
or of  Surgery  in  the  Medical  Department  of  the  University  of  New  York, 

etc.,  etc. 

Fourth  edition,  revised,     i  vol.^  8vo»  265  pp.     Clolb,  $2.50, 


"  To  the  g;eneraj  practitioner  in  towns,  villages* 
and  in  the  countrj',  where  the  aid  and  moraJ  sup- 
port of  a  consultation  can  not  be  availed  of,  this 
volume  will  be  recognised  as  a  valuable  help.  We 
commend  »i  to  the  profession." — Cincinnait  Lamcff 
and  Observer, 

**  The  author  wastes  no  words,  but  devotes  him- 
self to  the  description  of  each  disease  as  if  the  pa- 
tient were  uoder  his  handi».     Because  it  is  a  good 


book  we  recommend  it  most  heartily  to  the  profes- 
sion."— Boston  Mfdica/  and  Surgical  J&mr^, 

*'  This  work  bears  evidence  of  a  thorough  prac^ 
tical  acqijaJntance  with  the  different  branch^  of  the 
pniifession.  The  author  ^eenis  to  possess  a  peculiar 
aptitude  for  imparling  instruction  as  well  as  for 
simplifying:  lediuus  details.  A  careful  perusal  wiU  ] 
amply  repay  the  student  and  practitioner." — .\Vh 
y&rk  M^icai  yournai. 


A  TREATISE  ON  THE  DISEASES  OF  THE  NERV- 
OUS SYSTEM.  By  William  A.  Hammond,  M.  D,,  Surgeon-General 
U.  S,  Army  (retired  list)  ;  Professor  of  Diseases  of  the  Mind  and  Nervous 
System  in  the  New  York  Post-Gradoate  Medical  School  and  Hospital ; 
Member  of  the  American  Neurological  Association  and  of  the  New  York 
Neurological  Society;  of  the  New  York  County  Mediial  Society,  etc. 

With  112  Illustratjons.  Eight] 
SrsciMBM  OF  J ixi' STRATI ow.  edition,   revised,   corrected*! 

and  enlarged  by  the  Addi- 
tion of   a  New    Section  on 
Certain    Obscure     NcrvooiJ 
Diseases.     8vo,  945  pages.! 
Cloth,  $5.00;  sheep.  ^6,c 

The  work  has  received  ih 
honor  of  a  French  tran^laiio 
l>y   Dr,    Labadie-Lagrave, 
Paris,  and  an  Italian  tran&l*^^ 
tion  by  Professor  Diodato  Bor- 
relH,  of  the  Royal  University, 
^ne  through  the  press  j 

•  In  the  Buddhist  faith  the  ' 
eij^ht    gates  of    purity   are   de- 
KTibedas:    1,  Correct  ideas ; 
Correct    thoughts;    j.    Cor 
words;    4.    Correct    works; 
Correct  life;  6.  Correct  endeav*" 
ore  ;  7.  Correct  judgment ;   and 
8.  Correct  tranquillity.     If   Dr. 
Hammond  has  not  attained  the  medical  nirvana,  and  passed  those  eight  gates  of  purity,  he  has  at  least 
realized   the  Buddhi.st  beatitude :   '  Much  insie;he  and  education,  self-control  and  pleasant  speech ;   and 
whatever  word  be  well  spt»ken,  this  b  the  greatest  blessing."    At  least,  the  thoughts  and  utterances  of  Dr. 
Hammond  have  been  so  appreciated  by  the  medical  profession  of  America  and  England  that  the  work  h 
already  passed  through  eight  editions  since  its  first  appearance  in  1871.     As  now  revised  by  the  auth 
and  published  by  the  Appletons,  it  constitutes  deddedly  the  best  work  in  the  flnglish  language  upon  di»*^ 
eases  of  the  nervous  system." — Kansas  Ciiy  Medical  Index. 


**  This  eJtcellent  work  has  now  been  5fteen  yeam 
before  the  profession,  its  popularity  being  sufficient- 
ly evidenced  by  the  fact  that  it  has  rapidly  passed 
through  eight  editions/'— C<£?/i^^(f  and  Climcai  Jiec- 
ord. 

•*  This  great  work  of  the  gifted  author  has  now 
reached  its  eighth  edition.  A  work  of  this  charac- 
ter that  has,  within  fifteen  years^  gone  through  eight 
revisions  oeeds  but  little  commendittion  from  us, 
being  fully  able  \q  speak  for  itself >  It  is,  like  its  au- 
thor, without  a  peer  in  thr  >7,>ecial  line  t>f  medtdne 
it  lakes  up,  .  .  *  If  Dr.  Hammond  had  never  writ- 


ten an  Jibing  but  thts  one  work,  it  would  have  I 
a  monument  of  learn in^'^  tliat  would  have  lasted  fa 
Ag^s/'~A'afisas  City  M^dtcal  Ren?rd. 

**The  author  of  this  work  justly  congratulates 
himself  that  the  ^-arious  previous  editions  which 
have  been  called  for  have  received  the  approval  of 
the  profession  beyond  that  ever  given  to  any  other 
work  of  like  scope  and  objects  published  m  any  u 
of  the  world.  In  order  to  maintain  the  high  en 
acter  thus  attributed  to  it  by  the  b»t  judges,  he  ha»l 
subjected  this  edition  to  a  thorough  revision,  and  haf 
added  a  new  section  treating  of  certain  obacure  dis 
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eaies  ot  the  nervous  system,  as  tetany ^  Thomsen's 
disease,  miryachit,  and  kindml  afTectJons.  In  a]] 
respects  we  must  place  this  treatise  as  the  best  in  the 
langua|;e  on  the  specialty  to  which  it  t^i  devoted."— 
Medical  and  Surgicai  Reporter, 

**  When  a  work  has  reached  its  eighth  edition, 
the  reviewer  mi^ht  as  well  keep  quiet,  as  the  book- 
buyer  has  already  decided  that  a  demand  has  beeo 
met/*— i\>it»  York  Medical  Times, 

**This  volume  has  been  received  by  the  prtjfes- 
sion  *to  an  extent  bcyund  thai  ever  jri^eTT  to  any 
Other  work  of  Uke  scope  and  objects  f  ^"  "  1 .  nny 
part  of  the  world.'     The  presented  )&  a 

•tction  on  'Certain  Obscure  Discascb  >  .  :vous 

System/  is  tbonnighty  reused  throughout,  and  sev- 
eral changes  made,  thereby  increasing  greatly  its  vis^ 
i\x\ncs&,'^^—Byffah  Medical  and  Surgical  ytyumal. 

""  The  eig^hth  edition  of  this  work  speaks  for  itself 
in  the  fact  of  its  existence.  The  talented  author 
has  carefully  revised  the  previous  edilionSi  elaborate 
ing  many  portions  which  subsequent  experience  and 
observation  liavc  made  necessary.  A  section  lias 
also  been  added  on  certain  obscure  diseases  of  the 
nervous  system,  comprising  tetany,  Thocnsen's  dis- 
ease^ rair)'achit,  and  kindred  affections.  These  sub- 
j|cct?f  an?  trrated,  like  others  in  the  work,  with  a 
m.i  !   ind  with  the  pen  of  a  ready  and  enter- 

tai  I  -     The  author  made  his  ri^putation  long 

ago,  ^  '  he  is  able  to  maintain  it  his  last  effort 
will  iibundantly  prove/* — Medical  Record, 


Stncmmv  of  tkLUsmxTioWi 


CLINICAL     LECTURES     ON     DISEASES     OF     THE 

NERVOUS   SYSTEM,     Delivered  at  the  Bellevue  Hospital  Medical  Col- 
lege.    By  William  A,  Hammond,  M,  D.,  Professor  of  Diseases  of  the  Mind 
and  Nervous  System,  etc.     Edited,  with  Notes,  by  T,  M.  B.  Cross,  M.  D., 
Assistant  to  the  Chairs  of  Diseases  of  the  Mind  and  Nervous  System,  etc. 
In  one  handsome  volume  of  300  pages.     $3.50, 

These  lectures  have  been  reported  in  full,  and,  together  with  the  histories  of  the  ca&es,  which 
were  prepared  by  the  editor  after  careful  study  and  prolonged  observaHon,  constitute  a  clinical 
volume  which,  while  it  does  not  claim  to  be  exhaustive,  will  nevertheless  be  found  to  contain 
manv  of  the  more  important  affections  of  the  kind  that  are  commonly  met  with  in  practice. 

As  these  lectures  were  intended  especially  for  the  benefit  of  sluafents,  the  author  has  confined 
bimself  to  a  full  consideration  of  the  symptoms,  causes,  and  treatment  of  each  affection,  without 
attempting  to  enter  into  the  pathology  or  morbid  anatomy. 


THE    ANATOMY     OF    VERTEBRATED    ANIMALS, 

By  Thomas  Henry  HtrxLEY,  LL.  D.,  F.  R.  S. 

I  vol.,  lamo.     Illustrated.     431  pp.     Cloth,  $2«5o. 

"The  present  work  is  intended  to  provide  students  of  comparative  anatomy  with  a  condensed 
statement  of  the  most  important  facts  relating  to  the  structure  of  vertebratcd  animals  which  have 
hitherto  been  ascertained.  The  Vertrhrata  are  distinguished  from  all  other  animals  by  the  drcnm- 
stance  that  a  transverse  and  vertical  section  of  the  body  exhibits  two  cavities  completely  separated 
from  one  another  by  a  partition.  The  dorsal  cavity  contains  the  cercbro-spinal  nervous  system  ; 
the  ventral,  the  alimentary  canal,  the  heart,  and  usually  a  double  chain  of  ganglia,  which  passes 
under  the  name  of  the  *  sympathetic  *  It  is  probable  that  this  sympathetic  nervous  system  renre- 
sents,  wholly  or  partially,  the  principal  nervous  system  of  the  AnnuUsa  and  Moilusca,  And,  in 
any  case,  the  central  parts  of  the  cerebro^spinal  nervous  system,  viz.,  the  brain  and  the  spinal 
cord,  would  appear  to  be  unrepresented  among  invcrtebratecf  animals.^' — The  Author, 


*'  This  long-expected  work  will  be  cordially  wel- 
corned  by  all  student*  and  teachers  of  Comparative 
Anatomy  as  a  compendious,  reliable,  and,  notwith- 
sl^uiding  its  small  dim  tensions,  most  comprehensive 
guide  on  th«?  subject  of  which  it  treats.  To  praise 
or  to  criticise  the  work  of  so  accomplished  a  master 
of  his  favorite  science  would  be  equally  out  of  place. 


It  is  enough  to  say  that  it  realizes,  in  a  remarkable 
degree,  the  anticipations^  which  have  been  formed 
of  it ;  and  that  it  presents  an  eictraordinary  combi- 
nation of  wide,  jjeneral  views,  with  the  clear,  accu- 
rate, and  succinct  statement  of  a  prodigious  number 
of  individual  fact*."~iVti/i«rf. 
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A  TREATISE  ON  ORAL  DEFORMITIES,  as  a  Branch 
of  Mechanical  Surgery.  By  Norman  W,  Kingsley»  M.  D  S.,  D.  I).  S., 
President  of  the  Board  of  Censors  of  the  State  of  New  York,  late  Dean  of 
the  New  York  College  of  Dentistry  and  Professor  of  Dental  Art  and  Mech- 


anism,  etc*,  etc. 


With  over  350  lUustnUions. 

SfEaMKH  OP 


One  vol.,  8vo.     CL»ih,  $5;  sheep,  $6. 


lULt'STRATlOlt. 


"  I  have  re^  with  p-eat  pleasure  and  much 
profit  ymir  valoiible  *  Treatise  on  Oral  Defomii-  , 
tics.'  The  work  contains  much  original  matte 
of  {^at  practical  value,  and  is  full  of  useful  in 
formation,  which  will  be  of  ^reat  benefit  10  th 
profession."— Lewis  A.  SavIie,  M,  D.,  LU  r 
Prv/etsor  0/  Orikopedic  Surgtry  and  Clinka 
Surgery^  Btltevue  Hospitat  Medical  dylUgt, 

**  A  casual  g^lance  at  thb  work  might  impres 
the  reader  with  the  idea  that  its  contents  wen?  of 
more  practical  value  to  the  dentist  than  to  ihi? 
general  practitioner  or  surj^con.  But  it  is  by  no 
means  a  mere  work  on  dentistry^  although  a  prac- 
tical knowledge  of  the  latter  art  seems  to  be  es- 
sential to  the  carrying  out  of  the  authuKs  vir m 
regarding  the  correction  of  the  different  van>tje 
of  oral  deformities  of  which  be  treats.  We  wouk 
be  doing  injustice  to  the  work  did  not  we  make 
particular  reference  to  the  masterly  chapter  on  the 
treatment  of  fractures  of  the  lower  jaw.  Til 
whole  subject  is  so  thoroughly  studied  that  noth 
ing  is  left  to  be  desired  by  any  surgeon  who  wtsh 
es  to  treat  these  fractures  intelligently  and  sue 
fully.  The  work,  as  a  whole,  bears  marks 
originality  in  every  section,  and  impresses  th 
reader  with  the  painstaking  efforts  of  the  autha 
to  get  at  the  truth,  and  apply  it  in  an  ingenio 
and  practical  way  to  the  wants  of  the  gcnemt' 
practuioner,  the  surgeon,  and  the  dentist.**— 
Medkai  Record. 

**The  profcssioii  is  to  be  congratulated  on 
possessing  so  valuable  an  addition  to  its  litera- 
ture, and  the  author  to  be  unstintedh  praisc-J  f  t  hi.v  successful  issue  to  an  arduous  undertaking.  The  woif 
bears,  in  a  word,  every  evidence  of  having  been  written  leisurely  and  with  care,  .   .  ." — Drntal  C{*sm&$^ 

**  To  the  surgeon  and  geneml  practitioner  of  medicine,  as  well  as  the  dentist,  its  instruction  will 
found  invaluable.     It  is  dear  In  style,  practical  in  its  application,  comprehensive  tn  its  illustrations,  and  s^ 
exhaustive  that  it  is  not  likely  tu  meet  in  these  respects  a  rival."— Willi  A 11  H.  Dwinelle,  A.  M.,  M.  D. 
*'  J  consider  it  to  be  the  m<vt  valuable  work  that  has  ever  appeared  in  this  country  in  any  department 
of  the  science  of  dental  surgery. 

"  There  is  nt?  doubt  of  its  great  value  to  every  man  who  wishes  to  study  and  practice  this  brancb . 
of  surgery,  and  I  hope  it  may  be  adopted  as  a  text-book  in  every  dental  college,  that  the  students  r  ^ 
have  the  benefit  of  the  great  experience  of  the 


authnr. 

**  It  places  many  things  between  the  covers  of 
one  book  which  heretofore  I  have  been  obliged  to 
look  for  in  many  directions,  and  often  without 
success."— Frank  Abbot,  M,  D..  Dta/t  0/  the 
J\Wv  York  CoHege  0/  Dentistry, 

**  The  writer  does  not  hesitate  to  express  his 
belief  that  the  chapters  on  the  *  .-esthetics  of  den- 
tistry 'will  be  found  of  more  practical  value  to 
the  prosthetic  dentist  than  all  the  other  e^ays 
on  tnis  subject  existent  in  the  I  1  i^'-uage. 

.  ,  .  A  perusal  of  its  pages  scr;  >el  the 

intnd  to  advance  in  direction  „.:  _  y  indi- 
cated; so  variously,  indeed,  that  there  is  hardly 
a  page  of  the  book  which  does  not  contain  some 
important  truth,  some  pregnant  hint,  or  gome 
v&iuafale  conclusion." — Dtnt&l  Misceiiany. 

"  I  conpatulate  you  on  having  written  a 
book  containing  so  much  valuable  and  original 
rnatter.  It  wiQ  pro\-e  of  value  not  only  to  den- 
tists, but  also  to  surgeons  and  physicians.*' — 
FHAJfK  Hastings  Hamilton,  M.  D.,  LL.  D., 
Prv/fssor  o/tke  Practice  0/ Surgery  tmik  OptrO' 
tifns,  and  0/  Clinical  Surgtry  in  B*ll«%m«  H&s* 
/$f0l  MtdtcaJ  Coilr^. 
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THE  BREATH,  AND  THE  DISEASES  WHICH  GIVE 

IT  A  FETID  ODOR.  With  Directions  for  Treatment.  By  Joseph  W. 
Howe,  M.  D.,  Clinical  Professor  of  Surgery  in  the  Medical  Department  of 
the  University  of  New  York,  etc. 

Second  edition,  revised  and  corrected,     i  vol.,  i2mo,  108  pp.     Cloth,  $1. 

**  This  little  volume  well  deserves  the  attention 
of  phjrsicians,  to  whom  we  commend  it  most  high- 
ly."—CA/rtf^  Medical  Journal. 

•*  To  any  one  suffering  from  the  affection,  either 
in  his  own  person  or  in  that  of  his  intimate  ac- 
quaintances, we  can  commend  this  volume  as  con- 
taining all  that  is  known  concerning  the  subject,  set 


forth  in  a  pleasant  style." — Philadelphia  Medicai 
Times. 

**  The  author  gives  a  succinct  account  of  the  dis- 
eased conditions  in  which  a  fetid  breath  is  an  im- 
portant symptom,  with  his  method  of  treatment. 
vV'e  consider  the  work  a  real  addition  to  medical  lit- 
erature."— Cincinnati  Medical  Journal. 


ON     THE    BILE,    JAUNDICE,    AND    BILIOUS    DIS- 

EASES.     By  J.  Wickham  Legg,  M.  D.,  F.  R.  C.  S.,  Assistant  Physician  to 
St.  Bartholomew's  Hospital,  and  Lecturer  on  Pathological  Anatomy  in  the 
Medical  School. 
In  one  volume,  8vo,  719  pp.     With  Illustrations  in  Chromo-lithography.      Cloth,  $6 ;  sheep,  $7. 

"...  And  let  us  turn — which  we  gladly  do — to 
the  mine  of  wealth  which  the  volume  itself  contains, 
for  it  is  the  outcome  of  a  vast  deal  of  labor ;  so 
great  indeed,  that  one  unfamiliar  with  it  would  be 
surprised  at  the  number  of  facts  and  references 
which  the  book  contains." — Medical  Times  and  Ga- 
setU.  London. 


*•  The  book  is  an  exceedingly  good  one,  and,  in 
some  points,  we  doubt  if  it  could  be  made  better. 
.  .  .  And  we  venture  to  say,  after  an  attentive 
perusal  of  the  whole,  that  any  one  who  takes  it 
m  hand  will  derive  from  it  both  information  and 
pleasure;  it  gives  such  ample  evidence  of  honest 
hard  work,  of  wide  reading,  and  an  impartial  at- 
tempt to  state  the  case  of  jaundice,  as  it  is  known 
by  observation  up  to  the  present  date.  The  book 
will  not  only  live,  but  be  in  the  enjoyment  of  a  vig- 
orous existence  long  after  some  of  the  more  popular 
Eroductions  of  the  present  age  are  buried,  past  all 
ope  of  resurrection.  "-^£<7«</(t>/f  Medical  Record. 
**  This  portly  tome  contains  the  fullest  account 
of  the  subjects  of  which  it  treats  in  the  Enjjlish  lan- 
guage. The  historical,  scientific,  and  practical  de- 
tails are  all  equally  well  worked  out,  and  tofjether 
constitute  a  repertorium  of  knowledge  which  no 
practitioner  can  well  do  without.  The  illustrative 
•chromo-lithographs  are  beyond  all  praise." — Edin- 
hurgh  Medical  Journal. 


'•  Dr.  Legg's  treatise  is  a  really  great  book,  ex- 
hibiting immense  industry  and  research,  and  full  of 
valuable  information." — American  Journal  0/ Med- 
ical Science. 

'*  It  seems  to  us  an  exhaustive  epitome  of  all 
that  is  known  on  the  subject." — Philadelphia  Medi- 
cal Times. 

"This  volume  is  one  which  will  command  pro- 
fessional respect  and  attention.  It  is,  perhaps,  the 
most  comprehensive  and  exhaustive  treatise  upon 
the  subject  treated  ever  published  in  the  English 
language."— i*/ary/a«</  Medical  Journal. 

"  It  is  the  work  of  one  who  has  thoroughly  stud- 
ied the  subject,  and  who,  when  he  finds  the  evi- 
dence conflicting  on  disputed  points,  has  attempted 
to  solve  the  problem  by  experiments  and  observa- 
tions of  his  own." — Practitioner,  London. 

"It  is  a  valuable  work  of  reference  and  a  wel- 
come addition  to  medical  literature. — Dublin  Jour- 
nal 0/  Medical  Science. 

"...  The  reader  is  at  once  struck  with  the  im- 
mense amount  of  research  exhibited,  the  author 
having  left  unimproved  no  accessible  source  of  in- 
formation connected  with  his  subject.  It  is,  indeed, 
a  valuable  book,  and  the  best  storehouse  of  knowl- 
edge in  its  department  that  we  know  of.** — Pacific 
Medical  and  Surgical  Journal. 


FIRST    LINES    OF    THERAPEUTICS   as    Based  on   the 

Modes  and  the  Processes  of  Healing,  as  occurring  spontaneously  in  Dis- 
eases; and  on  the  Modes  and  the  Processes  of  Dying  as  resulting  naturally 
from  Disease.  In  a  Series  of  Lectures.  By  Alex.\nder  Harvey,  M.  A., 
M.  D.,  Emeritus  Professor  of  Materia  Medica  in  the  University  of  Aber- 
deen, etc.,  etc. 

I  vol.,  i2mo,  278  pp.     Cloth,  $1.50. 

**If  only  it  can  f^t  a  fair  hearinfi:  before  the  pro-  ''We  may  say  that,  as  a  contribution  to  the 

fession  it  will  be  the  means  of  aidinp  in  the  devel-  philosophy  of  medicine,  this  treatise,  M'hich  may  be 

opment  of  a  therapeutics  more  rational  than  we  profitably  read  during:  odd  moments  of  leisure,  has 

now  dream  of.     To  medical  students  and  practi-  a  happy  meth(Ki  of  statement  and  a  refreshing:  free- 

tioners  of  all  sorts  it  will  open  up  lines  of  thoujjht  dom  from  dogmatism." — New  York  Medical  kec- 

and  investigation  of  the  utmost  moment."— ZV/r^i/  ord. 
Lancet. 
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THE    SCIENCE    AND    ART    OF    MIDWIFERY.      By 

William  Thompson  Lusk,  M.  A.,  M,  D.,  Professor  of  Obstetrics  and  Dis- 
eases of  Women  and  Children  in  the  Bellevue  Hospital  Medical  College ; 
Obstetric  Surgeon  to  the  Maternity  and  Emergency  Hospitals;  and  GyncB- 
cologist  to  the  Bellevue  Hospital. 

New  edition.     Revised  and  enlarged.     Complete  in  one  volume,  8vo,  wilh  246  It  lustrations. 
Cloth.  $5.00;  sheep,  $6.00.  .,  f^  ^^^^.^^  ^^^  ^^  ^^^  ^  ^ 

posiljotis  of  the  (jbstetric  science  and 
practice  of  the  day  wiih  whicli  we 
are  acquainted.  Throughout  the 
wurk  the  author  shows  an  intimate 
acquaintance  with  the  literature  uf 
obstetrics,  and  gives  evidence  of  large 
practical  experience,  great  discrimi- 
nation, and  sound  jud|^eni.  We 
heartily  recommend  the  book  as  a, 
full  and  clear  exposition  of  obstetric 
science  and  safe  guide  to  student  and 
practitioner." — London  iMntat, 

'*  Professor  Lusk's  book  presents 
the  art  of  midwifery  with  aJl  that 
modem  science  or  earlier  leamini;' 
has  contributed  to  it,'* — Medical 
Mecord^  New  York, 

''Thb  book  bears  evidence  od 
every  page  of  being  the  result  of 
patient  and  lattorious  research  and 
great  pergonal  exjjerience,  united 
and  barmonized  by  the  true  criticii 
or  scientific  spirii.  and  we  are  con- 
vinced that  the  b^jok  will  raise  the 
general  standard  of  obstelric  ko<_Twl- 
edge  both  in  his  own  cnunlry  and 
In  this.  Whether  for  the  student  obligini  to  learn  the  theoretical  part  of  midwifery,  or  for  the  busy  prac- 
titioner seekiig  aid  in  face  of  practical  difticuUies,  it  is,  in  uur  opinion,  the  best  modem  work  on  mid- 
wifery iu  the  English  language/"— ZJttMw  Journal  of  Medicai  Science, 


D'Otitrepont'fi  Method,  m^MJiBed  by  Soinzoni. 


Author's  Modi(ica6on  of  Tamier*B  Foreepi^ 


'♦  Or,  Lu5k*s  style  is  clear,  generally  concise,  and 
he  has  succeeded  in  putting  in  less  than  seven  hun- 
dred pages  the  best  exposition  in  the  English  lan- 
guage of  obstetric  science  and  art*  The  book  will 
prove  invaluable  alike  to  the  student  and  the  prac- 
titioner."— American  Practitt\mer, 

**  Dr*  Lusk*s  work  is  so  comprehensive  in  design 
and  so  elaborate  in  execution  that  jt  must  be  recog- 
niEcd  as  having  a  status  peculiarly  its  own  among 
the  text-books  of  midwifery-  in  the  English  lan- 
guage."— New  York  Medical  youmal. 

**The  work  is,  perhaps,  better  adapted  to  the 
wants  of  the  student  as  a  text -book,  and  to  the 
practitioner  as  a  work  of  reference,  than  any  other 
one  publication  on  the  subject.  It  contains  about 
all  tjtat  is  known  of  the  ars  obstetrical  and  mtist 
add  greatly  to  both  the  fame  and  fortune  of  the 
distinguished  author.'* — Medical  Herald^  Louis* 
Viik. 


"Dr.  Lusk's  bcx^k  is  em inentJy  viable.  It  can 
not  fail  to  live  and  obtain  the  honor  of  a  second,  a 
third,  and  nobody  can  foretell  how  many  editions. 
It  is  the  mature  product  of  great  industry  and  acuoe 
observation^  It  is  by  far  the  most  learned  and  mcist 
complete  exposition  tif  ihe  science  and  art  of  obstet- 
rics written  tn  the  English  language.  It  is  a  book 
so  rich  in  scientific  and  practical  infottnation^  that 
nobody  practicing  obstetrics  ought  to  deprive  Itun* 
self  of  the  advantage  he  b  sure  to  gain  from  a  fre> 
quent  recourse  toiu  pages^" — American  J^mmatof 
Obstetrics. 

*'  It  is  a  pleasure  to  read  such  a  book  as  that 
which  Dr,  Lusk  has  prepared ;  everything  pertain^ 
ing  to  the  important  subject  of  oSssletrics  is  dis^ 
cttssed  in  a  masterly  and  captivating  manner.  We 
recoEnmend  the  book  as  an  c^ecellent  one,  and  feel 
confident  that  those  who  read  It  wtU  be  amply  1^ 
paid/'^C>*r/^/ri<r  Gasctte^  Cincinnati* 
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THE  METHODS  OF  BACTERIOLOGICAL  INVESTI- 
GATION. By  Ferdinand  Hueppe,  Docei\t  in  Hygiene  and  Bacteriology 
in  the  Chemical  Laboratory  of  R.  Fresenius,  at  Wiesbaden.  Written  at  the 
request  of  Dr.  Robert  Koch.  Translated  by  Hermann  M.  Biggs,  M.  D., 
Instructor  in  the  Carnegie  Laboratory,  and  Assistant  to  the  Chair  of  Patho- 
logical Anatomy  in  Bellevue  Hospital  Medical  College. 
8vo,  218  pp.     With  31  Illustrations.    Cloth,  $2.50. 

**  This  is  the  best  book  so  far  available  in  Eng-  of  author,  and  is  one  which  no  student  of  pathol- 

Ush,  bdng  better  adapted  to  the  general  student  who  ogy  can  afiford  to  be  without.    The  translaticn 

undertakes  the  study  from  first  principles.*' — North  seems  to  have  been  most  acceptably  made.*'— il/V^<- 

Caralina  Medicai  Journal,  cat  Press  0/  Western  New  York, 

**  ^  studente  of  bacteriolpg;  wiU  at  once  place  u  Qf  the  many  works  that  have  recently  appeared 

this  volume  on  their  tabl«»  as  indispensable  for  their  ^n  the  subject  of  bacterial  technology,  this  oST cer- 

most  accurate  and  rapid  study  »- American  Lancet,  ^^^    ^^g  ^^e  requirements  of  ifpUctical  guide 

"The  work  is  written  by  one  who  thoroughly  and  book  of  reference ;  ...  the  merits  of  the  work 

understands  his  subject  and  puts  it  clearly  before  the  ^u*  decided,  and  should  secure  for  it  the  reputation 

tXMdent^'—Paetyic  Medical  and  Surgical  Journal  it    deserves,'* —Atlanta    Medical    and    Surgical 

and  Western  Lancet,  Journal. 

"  He  has  sifted  the  whole  of  the  scattered  and  ••The  book  treats  the  subject  in  an  exceedingly 

sometimes  almost  inaccessible  literature  of  the  sub-  d^ar  and  comprdiensive  manner,  and  leaves  little  to 

ject,  and  has  furnished  the  independent  investi^tor  be  desired  by  the  beginner,  and  is  a  complete  guide 

a  most  valuable  book,  useful  alike  to  the  practitioner  to  those  wishing  to  work  out  any  of  the  innumerable 

and  to  the  student,  as  a  trustworthy  introduction  problems  connected  with    the  life-history  of   the 

inio\h\sXernXory .''-College  and  Clinical  Record.  bacteria.  ...   The  translation  seems  to  be  well 

"  To  those  who  wish  to  have  more  than  a  mere  dont^'-American  Journal 0/ the  Medical  Sciences, 

theoretical  knowledge  of  the  subject  the  manual  t,'n,^:.« ^.*,«^  «r  ♦u;^  ...k;.^»  ;«  »v>  .^^»»j«^ 

win  be  found  indispensable.  "-i/ir<}fea/  Record.  VJ^^  importance  of  thw  subject  in  the  saentific 

u.  i^  x/uuu  .uu»pcuMuji«;.      ^cM«*.w*  ^erci/«^i*.  world  .  .  .  should  msure  for  so  practical  a  presen- 

**  As  a  whole,  the  book,  written  at  Professor  tation  of  it  as  is  found  in  the  present  volume  a  wide 
Koch's  request,  reflects  credit  on  the  master's  choice     popularity."— Aw  England  Medical  Gasutte, 

HEALTH  PRIMERS.  Edited  by  J.  Langdon  Down,  M.  D., 
F.  R.  C.  P. ;  Henry  Power,  M.  B.,  F.  R.  C.  S.  ;  J.  Mortimer-Granville, 
M.  D. ;  John  Tweedy,  F.  R.  C.  S. 

In  square  i6rao  volumes.     Cloth,  40  cents  each. 

Thous;h  it  is  of  the  ^eatest  importance  that  books  upon  health  should  be  in  the  highest  de^ee 
trustworthy,  it  is  notorious  that  most  of  the  cheap  and  popular  kind  are  mere  crude  compilations 
of  incompetent  persons,  and  are  often  misleading  and  injurious.  Impressed  by  these  considera- 
tions, several  eminent  medical  and  scientific  men  of  Lonoon  have  comnined  to  prepare  a  series  of 
Health  Primers  of  a  character  that  shall  be  entitled  to  the  fullest  confidence.  They  are  to  be 
brief,  simple,  and  elementary  in  statement,  filled  with  substantial  and  useful  information  suitable 
for  the  guidance  of  grown-up  people.  Each  primer  will  be  written  by  a  gentleman  specially  com- 
petent to  treat  his  subject,  while  tne  critical  supervision  of  the  books  is  in  the  hands  of  a  commit- 
tee who  will  act  as  editors. 

As  these  little  books  are  produced  bv  English  authors,  they  are  naturally  based  very  much 
upon  English  experience,  but  it  matters  little  whence  illustrations  upon  such  subjects  are  drawn, 
because  the  essential  conditions  of  avoiding  disease  and  preserving  health  are  to  a  great  degree 
everywhere  the  same. 

Volumes  now  ready, 

I.  Exercise  and  Training. 

II.  Alcohol:   its  Use  and  Abuse. 

III.  Premature  Death  :  its  Promotion  and  Prevention. 

IV.  The  House  and  its  Surroundings. 

V.  Personal  Appearance  in  Health  and  Disease. 
VI.  Baths  and  Bathing. 
VII.  The  Skin  and  its  Troubles. 
VIII.  The  Heart  and  its  Functions. 
IX.  The  Nervous  System. 
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ANALYSIS   OF   THE    URINE,  with  Special    Reference  to 

the  Diseases  of  the  Gen ito -Urinary  Organs.  By  K.  B.  Hokmann,  Pru- 
fessor  in  the  University  of  Gratz,  and  R*  Ultzmann,  Docent  in  the  Uni- 
versity of  Vienna,  Translated  by  T.  Barton  Brune,  A.  M.,  M*  D.,  late 
Professor  of  the  Practice  of  Medicine  in  the  Baltimore  PolycHnic  and  Post- 
Graduate  Medical  School,  etc.,  and  H*  Holbrook  Curtis,  Ph*  B.,  M.  D., 
Fellow  of  the  New  York  Academy  of  Medicine,  etc. 
Second  edition,  revised  and  enlarged.     With  8  Lithographic  PUtes.     8vo,  310  pp.     Cloth.  $2.00. 


**Hofn]^[m  and  UUzmann's  popular  work  on 
the  urine  needs  0 either  criticbm  nor  recommeoda- 
tion.  Its  claims  have  been  substantiited  10  the 
ofhces  of  thousands  of  physicians  both  in  Europe 
and  America,  It  covers  the  entire  field  of  chemical 
and  microscopical  examination  of  urine  so  far  as 
diagnosis  is  concerned,  giving  expUcit  directions  as 
to  oelails  of  manipulation. '" — HahntmanniaH. 

*'  Poss^Bcd  of  this  book,  a  few  reai^ents,  a  mi- 
cr<»cope  with  gflasses  powerful  enoujjh  to  ma^tfy 
two  or  three  hundred  diameters,  and  a  few  test- 
tubes  and  slide*,  there  is  no  good  reason  why  every 
physician  shojid  not  become  a  good  urinary  zx^a,- 
VjhV-- Mississippi  Valley  Medical  Monthly. 

'*  For  the  every-day  wants  of  the  practitioner,  we 
know  of  no  manual  on  urinary  analysis  that  equals 
Hnfmann  and  Ultzmann's  work.  .  .  .  The  second 
editifm  contains  all  the  important  advances  that 
have  been  made  in  the  examination  of  the  urinary 
con!*Ntucnts  during:  the  past  three  years.  One  of 
the  mo  it  important  sections  of  the  work  is  that  de- 
voted to  an  account  of  the  microscopical  and  clinical 
aids  for  the  diag:nosis  of  the  different  forms  of  albu- 
minuria. The  rransLitors  are  to  be  congratulated 
on  producing  a  ver>'  clear  and  readable  rendering  of 
the  orij^nal/'^ — Canada  Medical  and  Surgical 
yournaL 

"The  second  edition  of  this  classical  work  on 
the  urine  will   be  welcomed  as  containin^j  all   the 


latest  advances  in  urinar>'  analysis.  All  unnecessary 
matter  has  been  eliminate*!,  and  the  chrmiJsvtry  is  so 
simple  as  to  be  within  the  comprehension  of  ali. 
The  translators  have  made  a  fe^v  additions  which 
are  practical  and  therefore  useful, '*^-Ct2jt<«fa  Zdw^ 
ctt. 

*'Thi5  work  has  loop  been  standard  autborily. 
But  the  late  advances  in  urinolofjy  have  made  it  ne- 
cessary for  the  American  iranslatons  practically  to 
become  editors  of  a  nevr  or  second  edition.  They 
have  done  their  work  well,  and  in  this  volume  pre- 
sent the  profession  ^^  ith  a  reliable,  practical  book, 
giving  the  most  advanced  ideas  as  to  urinalysis  and 
dia^osis  of  urinary  troubles  in  simple  tanp^iAyie, 
which  does  not  require  a  mastery  of  clinical  tech- 
nology to  understand/' —  Virginia  Medical  Man/Aly. 

♦*  In  the  present  edition  all  unnecessan.-  matter 
has  been  eliminated,  and  the  translators  have  incf/T- 
poraled  all  that  has  recently  been  added  to  our 
linftwledfre  of  the  subject  that  will  be  of  especial  in- 
terest to  the  student  and  practitioner,  A  valuable 
feature  of  the  book  is  the  illustrations,  which  are 
very  fine  indeed." — fndiana  Medical  JournaL 

'*  Students  and  general  practitioners  can  ask  on 
better  workinfj  p:uide  00  the  subjects  treated  thati 
this  standard  work.  The  publishers  present  it  in  a 
handsome  and  durable  form,  and  the  colored  platc^ 
are  uncommonly  finished  and  Snc.** — Siw  EnglA  ^ 
Medical  Gasetfe. 


CLINICAL    ELECTRO-THERAPEUTICS,     (Medical  and 

Surgical.)     A  Manual  for  Physicians  for  the  Treatment  more  especially  of 

Nervous  Diseases.     By  Allan  McLane  Hamilton,  M.  D.,  Physician  in 

charge  of  the  New  York  State  Hospital  for  Diseases  of  the  Nervous  System, 

etc.,  etc. 

With  numerous  Illustrations.     1  vol.,  Svo.     Cloth,  $2. 

This  work  is  the  compilation  of  well-tried  measures  and  reported  cases,  and  is  iniended  as  t 
simple  guide  for  the  general  practitioner,  ft  is  as  free  from  confusing  theories,  technical  tcrtn*> 
and  unproved  statements  ns  possible.  Klectricity  is  indorsed  as  n  very  valuable  remedy  in  certain 
diseases,  and  as  an  invaluable  tlierapeutical  means  in  nearly  all  forms  of  Nervous  Disease;  but 
not  as  a  specific  for  every  human  iU,  mental  and  physical. 

THE  ANATOMY   OF   INVERTEBRATED  ANIMALS, 

By  Thomas  Henry  Huxley,  LL.  D.,   F.  R.  S. 

I  vol.,  I2mn.     Illustrated.     596  pp.    Cloth,  $2.50. 

**  My  object  in  writing  the  hook  has  been  to  make  it  useful  to  those  who  wish  to  become  jw- 
Quainted  with  the  broad  outlines  of  what  is  at  present  known  of  the  morphology  of  the  hn^ft^ 
irttla  :  though  I  have  not  a%'oided  the  incidental  mention  of  facts  connected  wiihtheir  physicJugy 
nnd  their  di^ttrihuiion.  On  the  other  hand,  I  have  abstained  from  discussing  questions  of  etiol- 
ogy, not  because  I  underestimate  their  importance,  or  am  insensible  to  the  interest  of  the  great 
f)roblem  of  evolution,  but  because,  to  my  mind,  the  growini^  tendency  to  mix  up  etiologic;*!  fpecu- 
nttons  with  morphological  generalisations  will,  if  unchecked,  throw  biology  into  oonfosioii,  "— 
Pfvm  Pre/ace, 
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HAND-BOOK    OF    SKIN    DISEASES.      By    Dr.    Isidor 

Neumann,  Lecturer  on  Skin  Diseases  in  the  Royal  University  of  Vienna. 

Translated  from  the  German,  second  edition,  with  Notes,  by  Lucius  D. 

Hulk  LEV,  A.  M.,  M.  IX,  Surgeon  to  the  New  York  Dispensary,  Department 

of  Venereal  and  Skin  Diseases ;  Assistant  to  the  Skin  Clinic  of  the  College 

of  Physicians  and  Surgeons,  New  York,  etc.,  etc. 

I  voL,  Svo,  467  pp.,  and  66  Woodcuts.     Cloth,  $4;  sheep,  $5, 

Professor  Neumann  ranks  sire-  f 

ond  ooly  to  Hebra,  whose  assist* 
aot  he  wit^  for  many  years,  and  his 
work  may  be  considered  as  a  fair 
cjtpoticnl  of  the  German  practice 
of  Dermatology.  The  book  is 
abundantly  illustrated  with  plates 
of  the  histology  and  pathology  of 
the  skin.  The  translator  has  en- 
deavored, by  means  of  notes  from 
French,  English,  and  American 
sources,  to  make  the  work  valua- 
ble to  the  student  as  well  as  to  the 
practitioner. 

**  It  is  a  work  which  I  shall  hearti- 
ly recommend  lo  my  class  of  students 
at  the  LTniveraity  of  Pennsylvania, 
and  one  ^hich  I  feel  sure  will  do 
much  luward  f?rj%hleninig  the  pro- 
fession on  this  subject,*' — Lauis  A* 

**  There  certainly  is  no  work  ex- 
tant which  deals  so  ihorouj^hly  with 
the  Palholoj^cal  Anatomy  of  the  Skin 
as  does  this  hand-book. **^ — Nmv  York 
Mrdt€ai  Record, 


I  have  already  twice  expressed 
^  favorable  opinion  of  the  book  in  ^^ 
print,  and  am  g:lad  that  it  is  given  to 
the  public  at  Ig^ir^-JamfsC,  fi'AtU^ 

'*  More  than  two  years  ago  we 
noticed  Dr.  Neumanns  admirabJe 
work  in  its  original  shape,  and  we  are 
therefore  absolved  from  the  necessity 
of  saying  more  than  to  repeat  our 
slP3ng  recommendation  of  it  to  Eng- 
lish readers." — PractiWaHtr, 


Lichen  tcrd^iloiKiruiD. 


THE    PATHOLOGY    OF    MIND.     Being  the  third  edition 

of  the  Second  Part  of  the  *'  Physiology  and   Pathology  of  Mind,"  recast, 
enlarged,  and  rewritten,     By  Henry  Maudsley,  M,  D.,  London. 
I  vol.,  i2mo,  580  pp.     $2. 

CO?/TENTS, — Chapter  L  Sleeping  and  Dfcaming;  11.  Hypnotism,  Somnambulism,  and 
Allied  Stales;  111.  The  Causation  and  Prevention  of  Insanity:  (A)  Etiological;  TV,  The  same 
continued;  V.  The  Causation  and  Prevention  of  Insanity:  (Bj  Pathological;  VL  The  Insanity  of 
Early  Life;  \'1L  The  Symptomatology  of  Insanity;  V'lIJ.  The  same  continued;  IX.  Clinical 
Groups  of  Mental  Disease ;  X.  The  Alorbid  Anatomy  of  Mental  Derangement ;  XI,  The  Treat- 
ment of  Mental  Disorders. 

The  new  material  includes  chapters  on  **  Dreaming,"  **  Somnambulism  and  its  Allied  Stales," 
and  large  additions  in  the  chapters  on  the  **  Causation  and  Prevention  of  Insanity." 

** Unquestionably  one  of  the  ablest  and  most  "Dr.  Maudsley  has  had  the  courage  to  under- 

important  works  on  the  subtect  of  which  it  treats     take,  and  the  skill  to  execute,  what  is,  at  least  in 
that  has  ever  appeared,  and  does  credit  to  his  philo-     English,  an  original  enterprise." — London  Saiur- 
sophical  acumen  and  accurate  observation." — Mtdi-     day  fitinfw, 
cai  Record. 
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MEDICAL    RECOLLECTIONS    OF    THE   ARMY    OF 

THE    POTOMAC,      By   Jonathan    Letterman,   M.  D,,   late   Surgeon 
U.  S,  A.»  and  Medical  Director  of  the  Army  of  the  Potomac, 
I  vol.,  gvo,  194  pp.    Cloth,  $1. 


**  Wc  venture  to  assert  that  but  few  who  open 
this  volume  of  medical  annals,  pregnant  as  they  are 


with  instruction,  will  care  to  do  otherwise  thjus 
finish  them  at  a  ^llin^,'*^—MedtcaI  Hec&rd, 


RESPOiNSIBILITV      LN      MENTAL      DISEASES.       By 


Henry  MAUUSLtY,  M.  D.,  London. 
t  vol,  lamo,  313  pp. 


Cloth,  $1,50- 


♦*  This  book  is  a  compact  presentation  of  thos« 
|i4]iRCts  and  prindples  whicli  require  to  be  Ukcn  into 
•lOCfJunt  in  estimating^  human  responsibility — not  le- 
gal responsibility  merely,  but  responsibility  for  con- 
duct in  the  family,  the  school,  and  all  phases  uf 


social  relation,  in  which  obli^atinn  enters  as  «|| 
element.  The  woris  is  new  in  plan,  and  was  writ- 
ten to  supply  a  wide-fell  want  which  has  not  hither- 
to been  met/*—  The  /^puiar  Sdente  M&mtkiy, 


BODY    AND    MIND:  An  Inquiry  into  their  Connection  an 

Mutual  Inlluence,  especially  in  reference  to  Mental  Disorders;  an  enlarged 
and  revised  edition,  to  which  are  added  Psychological  Essays.  By  Henry 
Maudsley,  M.  D.,  London. 

I  vol.,  i2mo,  275  pp.     Cloth,  $1,50. 

The  general  plan  of  this  work  mviy  be  dcsc^ib€^d  as  being  to  bring  man,  both  hi  his  phyaiobl 
and  mental  relations,  as  much  as  possible  within  the  scope  of  scientific  inquiry. 
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**  Dr.  Maudsley  has  had  the  courajje  to  under- 
take, and  the  skill  to  execute,  what  is,  at  least  in 
English,  an  orig'ina]  enterprise.  This  book  is  a 
manual  of  menial  science  in  all  its  parts,  embracing 
all  that  is  known  in  the  existing  state  of  physiology. 
,  ,  .  Many  and  valuable  books  have  been  written 
by  Engilisn  physicians  on  insanity,  idiocy,  and  ail 
the  forms  of  mental  aberration.  But  derangement 
bad  always  been  treated  as  a  dbtinct  subject,  and 
therefore  empirically.  That  the  phenomena  of 
sound  and  unsound  minds  are  not  matters  of  dis* 
tinct  investigation,  but  inseparable  parts  of  one  and 
the  same  inquiry,  seems  a  truUm  as  soon  as  stated. 
But,  strange  to  say,  they  bad  always  been  pursued 
separately,  and  been  in  the  hands  of  two  distinct 
daaief  of  inveiligators.  The  lo^cians  and  met^- 
physkians  occasionally  borrowed  a  stray  fact  from 


the  abundant  cases  compiled  by  the  medical  author- 
ities ;  but  the  physician,  on  the  other  hand,  had  no 
theoretical  clew  to  his  olxservations  beyond  a  smat- 
tering of  dogmatic  psychology  learned  at  collie. 
To  effect  a  rcconciljation  between  the  Psychol^j 
and  the  Pathology'  of  the  mind,  or  rather  to  con- 
struct a  basis  for  both  in  a  common  science,  is  ibe 
aim  of  Dr.  Maudsley*!  book.*' — Ltmdom  Saturday 

••  A  representative  work,  which  every  oine  must 
study  who  desires  to  know  what  Is  doing  in  the  way 
of  real  progress,  and  not  mere  chatter,  about  men- 
tal physiology  and  pathology.** — Lancet. 

*'  It  distinctly  marks  a  step  in  the  progress  ol 
scientific  psycholo^. ' '—  7*4*  Praciitiimfr, 
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HEALTH,  AND  HOW  TO  PROMOTE  IT.     By  Richard 

Mc Sherry,  M.  D.,  Professor  of  Practice  of  Medicine,  University  of  Mary- 
land ;  President  of  Baltimore  Academy  of  Medic tne»  etc. 
I  vol.  iimo,  185  pp.     Ctoth,  $1,25. 


A 


**  An  admirable  production  which  should  find  its 
way  into  ever>'  family  in  the  coyntry.  It  comprises 
a  vast  amount  of  the  most  valuable  matter  expressed 
In  clear  and  terse  language,  and  ihe  subjects  of 
which  it  treats  are  of  the  deepest  interest  to  every 
human  bt»ing.**— /V*/.  S.  D.  Gross,  cf  ytffersan 
Medkai  Colltge,  Phitadelphia. 

**  On  the  whole,  this  little  book  seems  to  us  very 
well  adapted  to  its  purpose,  and  will,  we  hope,  have 
a  wide  circulation,  when  it  can  not  fail  to  do  much 
gOfoA*" ^American  Journal  0/  Mtdical  Sciences. 

**It  is  the  work  of  an  able  physician,  and  is 
written  in  a  style  which  all  people  can  understand. 
It  deals  with  practical  topics,  and  its  ideas  are  set 
forth  so  pointedly  as  to  make  an  impression.'* — 
TMf  Imdtpet^dini. 


"  This  is  a  racy  little  book  of  185  pages,  fiid  of 
good  advice  and  important  suggestions,  and  written 
in  a  free  and  easy  style,  which  crops  out  in  con- 
tinued humor  and  crispness  by  which  the  advice  is 
seasoned,  and  which  render  the  reading  of  the  brjoik 
a  pleasant  pastime  to  all,  whether  professionals  or 
non<pn)fessionals." — Canadian  yGurmal  t^  MmH^^ 
Science. 

'Mt  contains  a  great  deal  of  useful  infonnatioit, 
stated  in  a  very  siniple  and  attractive  way/'— J!«/rK 
more  Gnsette. 

*'  This  is  one  of  the  best  popular  esssars  on  the 
subject  we  have  ever  seen,  ft  is  short,  dear,  posi- 
tive, sensible,  bright  and  entertaining  an  its  styk, 
and  is  as  full  of  practical  suggestions  av  a  nut  ts 
full  of  meAV^Uierary  iVarJd, 
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THE   PHYSIOLOGY   OF   THE   MIND.     Being  the  First 

Part  of  a  third  edition,  revised,  enlarged,  and  in  a  great  part  rewritten,  of 

"  The  Physiology  and  Pathology  of  the  Mind."     By  Henry  Maudsley, 

M.  D.,  London. 

I  vol.,  i2mo,  547  pp.     Cloth,  $2. 

C0NTENTS,'-Q\i2ctiixx  I.  On  the  Method  of  the  Study  of  the  Mind ;  II.  The  Mind  and  the 
Nervous  System;  III.  The  Spinal  Cord,  or  Tertiary  Nervous  Centers;  or,  Nervous  Centers  of 
Reflex  Action;  IV.  Secondary  Nervous  Centers,  or  Sensory  Ganglia;  Sensorium  Commune;  V. 
Hemispherical  Ganglia;  Cortical  Cells  of  the  Cerebral  Hemispheres;  Ideational  Nervous  Cen- 
ters; Frimary  Nervous  Centers;  Intellectorium  Commune;  VI.  The  Emotions;  VII.  Volition; 
VIII.  Motor  Nervous  Centers,  or  Motorium  Commune  and  Actuation  or  Effection;  IX.  Memory 
and  Imagination. 

'•The  '  Physiology  of  the  Mind,'  by  Dr.  Mauds- 
ley,  is  a  very  engaging  volume  to  read,  as  it  is  a  fresh 
and  vigorous  sUtement  of  the  doctrines  of  a  grow- 
ing scientific  school  on  a  subject  of  transcendent 
moment,  and,  besides  many  new  facts  and  impor- 
tant views  brought  out  in  the  text,  is  enriched  by  an 


instructive  display  of  notes  and  quotations  from 
authoritative  writers  upon  physiolt^  and  psychol- 
ogy ;  and  by  illustrative  cases,  which  add  materi- 
ally to  the  interest  of  the  \iOQVy— Popular  Science 
Monthly. 


PHYSICAL  EDUCATION  ;  or,  THE  HEALTH    LAWS 
OF   NATURE.     By  Felix  L.  Oswald,  M.  D. 

i2mo,  cloth.     $1. 


"  Dr.  Oswald  is  a  medical  man  of  thorough 
preparation  and  large  professional  experience,  and 
an  extensively  traveled  student  of  nature  and  of 
men.  While  in  charge  of  a  military  hospital  at 
Vera  Crui,  his  own  health  broke  down  from  long 
exposure  in  a  malarial  region,  and  he  then  struck 
for  the  Mexican  mountains,  where  he  became  direct- 
or of  another  medical  establishment.  He  has  also 
journeyed  extensively  in  Europe,  South  America, 
and  the  United  States,  and  alwasrs  as  an  open-eyed, 
absorbed  observer  of  nature  and  of  men.  The 
*  Physical  Education  *  is  one  of  the  most  whole- 
some and  valuable  books  that  have  emanated  from 
the  American  press  in  many  a  day.  Not  only  can 
everybody  understand  it,  a^d,  what  is  moTt,/eel  it, 
but  everybody  that  gets  it  will  be  certain  to  read  and 
re-read  it.  We  have  known  of  the  positive  and 
most  salutary  influence  of  the  papers  as  they  ap- 
peared in  the  *  Monthly,'  and  the  extensive  demand 
for  their  publication  in  a  separate  form  shows  how 
they  have  been  appreciated.  Let  those  who  are  able 
and  wish  to  do  good  buy  it  wholesale  and  give  it  to 
thi»se  less  able  to  obtain  it." — The  Popular  Science 
Monthly. 

**  Here  we  have  an  intelligent  and  sensible  treat- 
ment of  a  subject  of  ^reat  importance,  viz.,  physi- 
ad  education.  We  give  the  headings  of  some  of 
the  chapters,  viz.  :  Diet ;  In-door  Life ;  Out-door 
Life ;  Gymnastics  ;  Clothing ;  Sleep ;  Recreation  ; 
Remedial  Exiucation  ;  Hygienic  Precautions ;  Pop- 
ular Fallacies.  These  topics  are  discussed  in  a  plain, 
common-sense  style  suited  to  the  popular  mind. 


Books  of  this  character  can  not  be  too  widely  read." 
—Albany  {N.  Y.)  Ar^wt. 

"Dr.  Oswald  is  as  epigrammatic  as  Emerson, 
as  spicy  as  Montaigne,  and  as  caustic  as  Heine. 
And  yet  he  is  a  pronounced  vegetarian.  His  first 
chapter  is  devoted  to  a  consideration  of  the  diet 
suitable  for  human  beings  and  infants.  In  the  next 
two  he  contrasts  life  in  and  out  of  doors.  He  then 
gives  his  ideas  on  the  subjects  of  gymnastics,  cloth- 
ing, sleep,  and  recreation.  He  suggests  a  system  of 
remedial  education  and  hygienic  precautions,  and 
he  closes  with  a  diatribe  against  popular  fallacies." 
—Philadelphia  Press. 

*•  It  is  a  good  sign  that  books  on  physical  train- 
ing multiply  in  this  age  of  mental  straining.  Dr. 
Felix  L.  Oswald,  author  of  the  above  book,  may  be 
somewhat  sweeping  in  his  statements  and  behefs, 
but  every  writer  who,  like  him,  clamors  for  sim- 
plicity, naturalness,  and  frugality  in  diet,  for  fresh 
air  and  copious  exerdse,  is  a  benefactor.  Let  the 
dyspeptic  and  those  who  are  always  troubling  them- 
selves and  their  friends  about  their  manifold  ail- 
ments take  Dr.  Oswald's  advice  and  look  more  to 
their  aliments  and  their  exercise." — New  York 
Herald. 

*^  One  of  the  best  books  that  can  be  put  in  the 
hands  of  young  men  and  women.  It  is  very  inter- 
esting, full  of  facts  and  wise  suggestions.  It  points 
out  needed  reforms,  and  the  way  we  can  become  a 
strong  and  healthy  people.  It  deserves  a  wide  cir- 
culation."— Boston  Commonwealth. 


GALVANO- THERAPEUTICS.      The     Physiological    and 

Therapeutical  Action  of  the  Galvanic  Current  upon  the  Acoustic, -Optic, 

Sympathetic,  and  Pneumogastric  Nerves.     By  William  B.  Neftel. 

Fourth  edition,     i  vol.,  i2mo,  161  pp.     Cloth,  $1.50. 

This  book  has  been  republished  at  the  request  of  several  aural  surgeons  and  other  professional 
gentlemen,  and  is  a  valuable  treatise  on  the  subjects  of  which  it  treats.  Its  author,  formerly  visit- 
ing physician  to  the  largest  hospital  of  St.  Petersburg,  has  had  the  very  best  facilities  for  investi- 
gation. 


•*This  little  work  shows,  as  far  as  it  goes,  full 
knowledge  of  what  has  been  done  on  the  subjects 
treated  of,  and  the  author's  practical  acquaintance 
with  them."— A^«o  York  Medical  Journal. 


••  Those  who  use  electricity  should  get  this  work, 
and  those  who  do  not  should  peruse  it  to  learn  that 
there  is  one  more  therapeutical  agent  that  they  could 
and  should  possess." — The  Medical  Investigator, 


/?.  APPLETON  &-  CO:S  MEDICAL    WORKS, 

OVARIAN  TUMORS;  their  Pathology,  Diagnosis,  and  Treat- 
ment, with  Reference  especially  to  Ovariotomy.  By  E.  R.  Peaslee,  M.  D., 
Professor  of  Diseases  of  Women  in  Dartmouth  Colkge ;  formerly  Professor 
of  Obstetrics  and  Diseases  of  Women  in  the  New  York  Medical  College,  etc. 

t  voL,  8vo,  S5t  pp.     Illustrated  with  many  Woodcuts,  and  a  Steel  Engraving  of  Dr.  E*  McDow- 
ell,  the  *' Father  of  Ovariotomy/*     Cloth,  $5;  sheep,  $6. 

This  valuable  work,  enibracing  the  results  of  many  years  of  successful  experience  in  the  de 
partment  of  which  it  treats,  will  prove  most  acceptable  to  the  entire  profession ;   while  the  liiglli 
standing  of  the  author  and  his  knowledge  of  the  su'jject  combine  to  miute  the  book  the  best  in  tUe 
language.     Fully  illustrated,  and  abounding  with  information,  the  result  of  ft  prolonged  study  of 
the  subject,  the  work  should  be  in  the  hands  of  every  physician  in  the  country. 

"In  closing  our  review  of  this  work,  we  can  not  ""  We  deem  its  carefiil  perusal  indispensable  t)Q>| 

avoid  again  expre»isifi{j  our  appreciation  of  the  thor-     all  who  would  treat  ovarian  tumors  witli  a  good  con 


ough  5itudy,  the  careful  and  honest  statements,  and 
candid  spirit,  whi^h  characterise  it.  For  the  uie  0/ 
the  student  we  should  give  the  preference  te  Dr. 
Peaslee^s  work,  not  oniy  from  its  completeness^  tut 
from  its  mare  metkodtcal  arrangement,'''' — Ameri- 
can Journal  0/  Medical  Sciences » 


science,  '^—American  yournal  0/  Obstetrics. 

' "  It  shows  prodigal  industry,  and  emtjodies  with- 
in its  five  hundred  and  cxJd  pages  pretty  much  all 
that  seems  worth  knowing  on  the  subject  of  ovarian 
diseases*" — Phiiadelpkm  Medical  limes. 


A  TREATISE   ON    DISEASES   OF   THE    BONES.     By 

Thomas  M.  Markoe,  M.  D,,  Professor  of  Surgery  in  the  College  of  Physi- 

cians  and  Surgeons,  New  York,  etc.     With  numerous  Illustrations. 

I  vol.,  8vo,  416  pp.     Cloth,  $4.50. 

Spkcihbn  of  lLLi.rsTRATioH.  This  Valuable  work  is  a  tr 

tisc  on  Diseases  of  the  Bones, 
embracing  their  stroctur; 
changes  aA  affected  by  disease 
their  clinical  history  and  treal^ 
mcntp  including  also  an  account 
'T/fiiTflaTkrv  ^^  the  various  tumors  which 
ig:  ilTffiM\  grovv  in  or  upon  them.     None 

^  '    of  the  injuries  of  bone  are  m* 

eluded  in  its  scope,  and  tiojcmtj 
diseases,  excepting  where  XY 
condition  of  the  bone  is  a  prin 
factor  in  the  problem  of  disease. 
As  tlic  work  of  an  eminent  sur- 
gcon  of  large  and  varied  expert 
encc,  it  may  be  regarded  as  the  best  on  the  subject,  and  a  valuable  contribution  to  media*' 
literature. 

DRPEREIRA^S  ELEMENTS  OF  MATERIA  MEDICA 

AND  THERAPEUTICS.  Abridged  and  adapted  for  the  Use  of  Medical 
and  Pharmaceutical  Practitioners  and  Students,  and  comprising  aU  the 
Medicines  of  the  British  Pharmacopoeia,  with  such  others  as  are  frequently 
ordered  in  Prescriptions,  or  required  by  the  Physician.  Edited  by  RoiiERT 
Bentley  and  Theophtlus  Redwood. 
New  edition.     Brought  down  to  1872.     i  vol.,  royal  8vo,  1,093  PP-     Cloth,  $7;  sheep.  $S, 


What  it  is,  and  what  it  is  not*     By 


NOTES  ON   NURSING 

Florence  Nightingale. 

I  vol.,  i2mo,  140  pp.     Cloth,  75  cent^. 

Tliesc  notes  are  meant  to  give  hints  for  thought  to  those  who  have  personftl  charge  of  the 
health  of  others.  _ 

Ever\'^av  sanitary  knowledge,  or  the  knowledge  of  nursing,  or,  in  other  words,  of  how  to  ^ 
the  constitution  in  such  a  stale  as  that  it  will  have  no  disease  or  that  it  can  recover  from  ctlscflst 
is  recognized  as  the  knowledge  which  every  one  ought  to  have — distinct  from  medical  knowle 
which  only  a  profession  can  have. 
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A   TEXT-BOOK   OF   PRACTICAL   MEDICINE.     With 

Particular  Reference  to  Physiology  and  Pathological  Anatomy.  By  the 
late  Dr.  Felix  von  Niemeyer,  Professor  of  Pathology  and  Therapeutics; 
Director  of  the  Medical  Clinic  of  the  University  of  Tubingen.  Translated 
from  the  eighth  German  edition,  by  special  permission  of  the  author,  by 
George  H.  Humphreys,  M.  D.,  one  of  the  Physicians  to  Trinity  Infirmary, 
Fellow  of  the  New  York  Academy  of  Medicine,  etc.,  and  Charles  E. 
Hackley,  M.  D.,  one  of  the  Physicians  to  the  New  York  Hospital  and 
Trinity  Infirmary,  etc. 

Revised  edition  of  1880.    2  vols.,  8vo,  1,628  pages.     Cloth,  $9;  sheep,  $11. 

The  author  undertakes,  first,  to  give  a  picture  of  disease  which  shall  be  as  life-like  and  faithfuT 
to  nature  as  possible,  instead  of  being  a  mere  theoretical  scheme ;  secondly,  so  to  utilize  the  more 
recent  advances  of  pathological  anatomy,  physiology,  and  physiological  chemistry,  as  to  furnish  » 
clearer  insight  into  the  various  processes  of  disease. 

The  work  has  met  with  the  most  flattering  reception  and  deserved  success ;  has  been  adoptecf 
as  a  text-book  in  many  of  the  medical  colleges  both  in  this  country  and  in  Europe ;  and  has  re- 
ceived the  very  highest  encomiums  from  the  medical  and  secular  press. 


**  This  new  American  edition  of  Niemeyer  fully 
sustains  the  reputation  of  previous  ones,  and  may 
be  considered,  as  to  style  and  matter,  superior  to 
any  translation  that  could  have  been  made  from  the 
latest  German  edition.  It  will  be  recollected  that 
since  the  death  of  Professor  Niemeyer,  in  1871,  his 
work  has  been  edited  by  Dr.  Eugene  Seitz.  Although 
the  latter  gentleman  has  made  many  additions  and 
changes,  he  has  destroyed  somewhat  the  individual- 
ity of  the  original.  The  American  editors  have 
wisely  resolved  to  preserve  the  style  of  the  author, 
and  adhere,  as  closely  as  possible,  to  his  individual 
views  and  his  particular  style.  Extra  articles  have 
been  inserted  on  chronic  alcoholism,  morphia-poi- 
soning, paralysis  agitans,  scleroderma,  elephantiasis, 
progressive  pernicious  anaemia,  and  a  chapter  on 
yellow  fever.  The  work  is  well  printed  as  usual." 
— Medical  Record, 

**The  first  inquiry  in  this  country  regarding  a 
German  book  generally  is,  '  Is  it  a  work  of  practi- 
cal value  ?  •  Without  stopping  to  consider  the  just- 
ness of  the  American  idea  of  the  *  practical,'  we  can 


unhesitatingly  answer,  *  It  is  I ' " — New  York  Medi' 
cal  Journal . 

**  It  is  comprehensive  and  concise,  and  is  char- 
actenzed  by  clearness  and  originality." — Dublin 
Quarterly  journal  0/  Medicine. 

**  Its  author  b  learned  in  medical  literature ;  he 
'has  arranged  his  materials  with  care  and  judgment, 
and  has  thought  over  them." — The  Lancet, 

**  While,  of  course,  we  can  not  undertake  a  re- 
view of  this  immense  work  of  about  1,600  pages  in 
a  journal  of  the  size  of  ours,  we  may  say  that  we 
have  examined  the  volumes  very  carefully,  as  to 
whether  to  recommend  them  to  practitioners  or  not ; 
and  we  are  glad  to  say,  after  a  careful  review,  *  Buy 
the  book.'  The  chapters  are  succinctly  written. 
Terse  terms  and,  in  the  main,  brief  sentences  are 
used.  Pexsonal  experience  is  recorded,  with  a  proi>- 
er  statement  of  facts  and  observations  by  other  au- 
thors who  are  to  be  trusted.  A  very  excellent  index 
is  added  to  the  second  volume,  which  helps  vexy 
much  for  ready  reference."  —  Virginia  Medical 
Monthly. 


ESSAYS    ON    THE    FLOATING    MATTER    OF    THE 


AIR,  in  Relation  to  Putrefaction  and  Infection. 
DALL,  F.  R.  S. 

i2mo.     Cloth,  $1.50. 


By  Professor  John  Tyn- 


CONTENTS, — I.  On  Dust  and  Disease ;  II.  Optical  Deportment  of  the  Atmosphere  in  Re- 
lation to  Putrefaction  and  Infection;  III.  Further  Researches  on  the  Deportment  and  Vitality  of 
Putrefactive  Organisms ;  IV.  Fermentation,  and  its  Bearings  on  Surgery  and  Medicine ;  V.  Spon- 
taneous Generation ;  Appendix. 


"Professor  Tyndall's  book  is  a  calm,  patient, 
clear,  and  thorough  treatment  of  all  the  questions 
and  conditions  of  nature  and  society  involved  in 
this  theme.  The  work  is  lucid  and  convincing,  yet 
not  prolix  or  pedantic,  but  popular  and  really  en- 
joyable. It  is  worthy  of  patient  and  renewed 
vXudy.''— Philadelphia  Times. 

**The  matter  contained  in  this  work  is  not  only 
presented  in  a  very  interesting  way,  but  is  of  great 
value."— ^<7j/<?«  Journal  0/  Commerce. 

"The  germ  theorv  of  disease  is  most  intelli- 
gently presented,  and  indeed  the  whole  work  is 
mstinct  with  a  high  intellect.  "~A?j/<?«  Common- 
wealth, 


**  In  the  book  before  us  we  have  the  minute  de- 
tails of  hundreds  of  observations  on  infusions  ex- 
posed to  optically  pure  air;  infusions  of  mutton, 
beef,  haddock,  hay,  turnip,  liver,  hare,  rabbit, 
grouse,  pheasant,  salmon,  cod,  etc. ;  infusions 
heated  by  boiling  water  and  by  boiling  oil,  some- 
times for  a  few  moments  and  sometimes  for  several 
hours,  and,  however  varied  the  mode  of  procedure, 
the  result  was  invariably  the  same,  with  not  even  a 
shade  of  uncertainty.  The  fallacy  of  spontaneous 
generation  and  the  probability  of  the  germ  theory 
of  disease  seem  to  us  the  inference,  and  the  only 
inference,  that  can  be  drawn  from  the  results  of 
nearly  ten  thousand  experiments  performed  by  Pro- 
fessor Tyndall  within  the  last  two  years." — Pitts- 
burg Telegraph. 
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THE     APPLIED     ANATOMY     OF     THE     NERVOUS 

SYSTEM,  being  a  Study  of  this  Portion  of  the  Human  Body  from  a  Stand- 
point  of  its  General  Interest  and  Practical  Utility,  designed  for  Use  as  a 
Text-book  and  as  a  Work  of  Reference.  By  Ambrose  L.  Rankev,  A,  M., 
M.  D,,  Professor  of  the  Anatomy  and  Physiology  of  the  Nervous  System  in 
the  New  York  Post-Graduate  Medical  School  and  Hospital ;  Professor  of 
Nervous  and  Mental  Diseases  in  the  Medical  Department  of  the  University 
of  Vermont,  etc. 
8vo,     New  edition,  rewritten,  enlarged,  and  profusely  illustrAied.     ri4h»  $5;  <»heep,  $6. 
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Distribution  of  the  Hxpo-slisia]  Nerve* 
f  Tkf  foH&wing  art  xome  0/  the  noticts  a/  the  first  edition  /) 


**Thi3  is  an  excellmt  work,  timely,  practical, 
and  weH  executed-  It  U  safe  to  say  that,  besides 
Hammond's  work,  no  book  relating  to  the  nervous 
system  has  hitherto  been  published  m  this  cotiniry 
equal  to  the  present  volume,  and  ntiiliini^  superior 
to  it  is  acceasvble  to  the  American  practitioner." — 
M*4icat  Herald. 

'*  There  are  many  books,  to  be  sure,  which  con- 
tain here  and  there  hints  in  this  field  of  ^leat  value 
to  the  phjrstcian,  but  it  is  Dr.  Ranney's  merit  to 
have  ooUected  these  scattered  items  of  interest,  and 
to  have  woven  them  into  an  harmonious  whole, 
thereby  producing  a  work  of  wide  scope  and  of  cor- 
respondingly wide  usefulness  to  the  practicinj^  physi- 
cian, 

**The  book»  it  will  be  perceived,  is  of  an  emi- 
nently practical  character,  and,  as  such,  is  addressed 
to  those  who  can  not  afTord  the  time  for  the  perusal 
of  the  larj^r  text-books,  and  who  must  read  as  they 
run.  ^^Nfw  Yifrk  Medicai  jQumal, 


'Mt  is  an  admitted  fact  that  the  subject  treated 
of  in  tliis  work  is  one  sufficiently  obscure  to  the  pnv 
fession  generally  to  make  any  work  tending  to  elu- 
cidation most  welcome.  ,  ,  .  We  earnestly  recom- 
mend this  work  as  one  unusually  worthy  of  study/' 
— Buffalo  Medical  and  Surgical  youmai, 

"Dr.  Ranney  has  firmly  [prasped  the  essentia] 
features  of  the  results  of  the  latest  study  of  tJbe 
nervous  system.  His  work  will  do  much  toward 
popularising  this  study  in  the  profession^ 

"We  are  sure  that  all  our  readen  will  be  quite 
as  much  plea5«d  ^&  ourselves  by  its  careful  study/' 
—Detrmt  lancet. 

"A  useful  and  attractive  book,  suited  to  the 
time."*— /^irm'f//r  Medical  News. 

"Our  impressions  of  this  work  are  hijjhly  fa* 
vorable  as  re^rards  it«  practical  value  to  students^  as 
well  as  to  educated  medical  men/* — PBCiJic  Medicmt 
and  Surreal  Journal, 
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**The  work  shows  gjeat  care  in 
its  preparation,  N\  e  predict  for  it  a 
laqje  sale  among  the  more  progres- 
sive practitioners/'— J/iicAi^wa  Medi- 
cal Neu*s, 

*^  We  are  acquainted  with  no  re- 
cent work  which  d^^  with  the  sub-     | 
ject  so  thoroughly  as  this  \  hence,  it   |- 
should  c<:iiixiiiiend  itself  to  a  large  class  ^^ 


roj 
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of  pei^iriiv,  not  merely  specialists,  but 
iht'st?  who  aspire  to  keep  posted  in 
all  important  advances  in  the  science 
and  art  of  medicine." — Maryland 
Medical  yournal, 

**This  work  was  orijpriri'iny  ad- 
dressed to  medical  under-graduiites, 
but  it  will  be  i?c|ua!ly  intere^ttnij  and 
valuable  to  medical  practitioner^  who 
still  acknowledge  themselves  to  be 
Ij  students.  It  is  to  be  hoped  that  tbdr 
number  is  not  small." — Nett*  Orleans 
Medical  and  Surgical  yottr-Hal. 

"We  think  the  author  has  cor- 
ral tly  estimated  the  necessity  for  such 
,(      '  A  we  congratulate  htm 

ui  ner  in  which  be  has 

'^  As  a  cumpanion  volume  to  the 

recent  works  on  the  diseases  of  the 

nervous  system,  it  is  issued  in  good 

time.'*  —  iV&rtk    Carolina    Medical 

yournaL 

'  A  close  and  careful  study  of  this 

work,  we  feel  convinced,  will  impart 
to  the  student  a  large  amount  of  practical  knowledge  which  could  not 
be  gained  elsewhere,  except  by  wading  through  the  enormou.';  quan- 
tity of  neurological  literature  which  has  appeared  during  past  years, 
a  task  which  few  would  have  either  time  or  inclination  to  accomphsh. 
Here  it  will  all  be  found  condensed,  simplified^  and  systematically 
arran^:ed.  The  nature  of  the  work  is  so  fully  explained  in  its  title 
thai  little  or  nothing  on  that  point  need  be  said  here.  We  will,  how- 
ever. 5ay  that  the  whole  subject  is  treated  in  a  lucid  manner,  and  that, 
so  far  as  we  arc  able  to  judge,  nothing  seems  left  out  which  could  in 
any  way  improve  or  add  to  the  value  of  the  \300\iy ^Medical  and 
Surgical  Repcrter  {Philadelphia). 

' '  Dr.  Ranney  has  done  a  most  useful  and  praiseworthy  task  in 
that  he  will  have  saved  many  of  the  profession  fn»m  the  chtiice  of 
going  through  the  research  we  have  indicated,  or  remaining  in  igno- 
fance  of  many  things  most  essential  to  a  sound  medical  knowledge." 

'*  We  are  sure  that  this  book  will  be  well  received,  and  will  prove  itself  a  very  useful  companion  both 
for  regular  students  of  anatomy  and  physif»logy,  and  also  for  practitioners  who  wish  to  work  up  the  diag- 
nosis of  cases  of  disorder  of  the  nervous  system." — Canada  Aledical and  Surgical  yournaL 

*^  Dr.  Ranney  has  done  his  work  well,  and  given  accurate  information  in  a  simple,  readable  style." — 
Philadelphia  Medical  Times. 

A     MINISTRY     OF     HEALTH     AND     OTHER    AD^ 
DRESSES.     By  Dr.  B,  W.  Richardson,  M.  D.,  M.  A.,  F.  R.  S.,  etc.,  etc. 

I  voK,  i2mo,  354  pp.     Cloili,  $1.50. 
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The  Small  Sciitic  Nerve,  with  its 
Branches,  qf  l>i«infautioti  and 
Tcrminaiion. 


■Medical  Record, 


'*-  The  author  is  so  widely  and  favorably  known 
that  any  book  which  bears  his  name  will  receive  re- 
spectful attention.  He  is  one  of  those  highly  edu- 
cated yet  practical,  public-spirited  gentlemen  who 
adorn  the  professif>n  of  cniedidne  And  do  far  more 
than  their  share  toward  elevating  its  position  before 
the  public  This  book,  owing  to  tlie  character  of 
the  mailer  c<jn-sidered  and  the  author*5  attractive 
style»  affords  means  for  relaxation  and  instruction 
to  every  thoughtful  ^rson,*^— Medical  Gazette. 

^'  This  book  is  made  up  of  a  number  of  addresses 
on  sanitary  subjects,  which  Dr.  Richardson  deliv- 
ered at  various  times  in  Great  Britain,  and  which 
are  intended  to  invite  attention  to  the  pressing  re- 
forms that  are  making  progress  in  medical  science. 
Tbe  work^  which  has  the  great  merit  of  being  writ- 


ten in  the  simplest  and  dearest  language,  gives 
special  attention  to  the  origin  and  causes  of  dist^aes, 
and  a  demonstration  of  the  physical  laws  by  which 
they  may  be  prevented.  .  .  . 

''  The  author  does  not,  like  some  members  of  his 

Crofession,  enter  into  a  learned  description  of  cures, 
ut  traces  the  causes  of  diseases  with  philosophical 
precision.  The  book  contains  what  every  one  should 
know,  and  members  of  tbe  medical  profession  will 
not  find  a  study  of  it  in  vain.** — Philadelphia  En- 
quirer, 

*'  The  wide  study  of  these  lectures  by  both  the 
pmfession  and  the  laity  would  greatly  advance  the 
interests  of  both  by  stimulating  thought  and  action 
respecting  the  most  vital  subjects  that  catr  engage 
the  human  mind.  **^-Detrait  Lanc^ti^ 
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DISEASES  OF  MODERN   LIFE.     By  Dn  B.  W.  Richard- 
son, M.  D.,  M.  A.,  F.  R,  S.,  etc.,  etc. 

I  vnL,  i2mo,  520  pp.     Cloth,  $2. 


"In  this  valuable  and  deeply  mteresting'  work 
Dr.  Richanisoii  treats  the  nervous  system  as  the 
very  principle  of  life,  and  he  shows  how  rncn  do  it 
violence,  yet  expect  immunity  where  the  natural  sen- 
tence is  death." — Charleston  Courier, 

•*  The  work  is  of  great  value  as  a  practical  guide 
to  enable  the  reader  to  detect  and  avoid  various 
sources  of  disease,  and  it  contains,  in  addition,  sev- 
eral introductory  chapters  on  natural  life  and  natu- 
ral death,  the  phenomena  of  disease,  disease  ante* 
cedent  to  birth,  and  on  the  effects  of  the  seasons. 


of  atmospheric  temperature,  of  atmospheric  pres^ 
ure,  of  moisture,  winds,  auid  atmospheric  chetnicU 
changes,  which  are  of  great  general  interest. "^ — .V^* 
inre. 

*' Particular  attention  is  given  to  diseases  from 
worry  and  mental  strain,  from  the  passions,  from 
alcohol,  tobacco,  narcotics,  food,  impure  air,  tale 
botirs,  and  broken  sleep,  idleness,  intermarriage, 
etc.,  thus  touching  upon  causes  which  do  not  enter 
into  the  consideration  of  sickness." — Bottom  Com- 
moHweaiiM, 


THE  WATERING-PLACES  AND  MINERAL  SPRINGS 

OF  GERMANY,  AUSTRIA,  AND  SWITZERLAND.     With  Notts  on 

Climatic   Resorts  and   Consumption,  Sanitariums,   Peat,   Mud,   and   Sand 

Baths,  Whey  and  (J rape  Cures,  etc*     By  Edward  Gutmann,  M.  D 

With  illustrations,  Comparative  Tablcis,  and  a  Colored  Map,  explaining  the  Situation  and  Chemi- 
cal Composition  <^f  the  Spas.      I  vol.*  i2mo.     Cloth,  $2.50. 


*'  Dr.  Guttnann  has  compiled  an  excellent  medi- 
cal guide,  which  gives  full  fo formation  on  the  man- 
ners and  customs  of  living  at  all  the  principal 
watering-places  in  Europe.    The  chemical  composi- 


tions, with  the  therapeutical  applications  of  the 
mineral  waters,  are  very  thoroughly  presented  in 
separate  parts  of  the  volume." — Arr**  Vork  Times ^ 


A    PRACTICAL    MANUAL    ON    THE    TREATMENT 

OF  CLUB-FOOT.     By  Lewis  A,  Savre»  M.  D.,  Professor  of  Orthopedic 
Surgery  and  Clinical  Surgery  in  Bellevue  Hospital  Medical  College;  Con- 
sulting Surgeon  to  Bellevue  Hospital,  Charity  HospitaU  etc.,  etc. 
Fourtli  edition,  enlarged  and  corrected,     t  vol.,  ]2mo,     Illustrated.     Cloth,  $1.25. 

**  A  more  extensive  experience  in  the  treatment  of  club-foot  has  proved  that  the  doctrines  taught 
in  my  first  edition  were  correct,  viz.,  that  in  all  cases  of  congenital  club-foot  the  treatment  should 
commence  at  htrth,  as  at  that  time  there  is  generally  no  difficulty  that  can  not  be  overcome  by  the 
ordinary  family  physician;  and  that,  by  following;  the  simple  rules  laid  down  in  this  volume,  the 
great  majority  of  cases  can  be  relieved,  and  many  cured,  without  any  operation  or  surgical  inter- 
ference. If  this  early  treatment  has  been  neglected,  and  the  deformity  has  been  permitted  to  in- 
crease by  use  of  the  foot  in  its  abnormal  position,  surgical  aid  may  be  reauisite  to  overcome  the 
difftcuky ;  and  I  have  here  endeavored  to  clearly  lay  down  the  rules  that  snould  govern  the  treat* 
ment  of  this  class  of  cases.  ^'^^ — Preface. 

"The  book  will  very  well  satisfy  the  wants  of  use,  as  stated,  it  is  intended.**— A>w  York  Mgdicat 
the  majority  of  getieml  practitioners,    for   whose     yaurnaL 


COMPENDIUM      OF     CHILDREN'S     DISEASES.      A 

Hand-Book  for  Practitioners  and  Students.  By  Dr.  Johann  Steiner, 
Professor  of  the  Diseases  of  Children  in  the  University  of  Prague.  Trans- 
lated from  the  second  German  edition  by  Lawson  Tait,  F.  R.  C.  S.,  Sur- 
geon to  the  Birmingham  Hospital  for  Women. 

I  vol.  8vo,     Cloth,  ^3.50;  sheep»  $4. 5a 

**  Dr.  Steiner^s  book  has  met  with  <iucb  marked  succew  in  Germany  that  a  second  edition  h«»-l 
already  appeared,  a  circumstance  v/hicb  has  delayed  the  appearance  of  its  English  form,  in  order  / 
thai  I  might  be  able  to  give  his  additions  and  corrections*  ^ 

*^  f  have  added  as  an  Appendix  the  *  Rules  for  Management  of  Infants/  which  have  been  issued 
by  the  <;taff  of  the  Birminf^ham  Sick  Children's  Hospital,  because  I  think  that  they  have  set  an  ex- 
ample, bv  freely  distributing  these  rules  aroont^  the  poor,  for  which  they  can  not  be  suflBcienlly 
commended,  and  which  it  would  lie  wise  for  other  sick  childrcn*s  hospitals  to  follow. 

**  I  have  also  added  a  few  notes,  chiefly,  of  course,  relating  to  the  surgical  ailments  of  dill- 
dftn.  '*^£xtra4( from  Tmnsialof^i  Preface^ 
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HEALTH  :  A  Hand-Book  for  Households  and  Schools.     By 

Edward  Smith,  M.  D.,  F.  R.  S.,  Fellow  of  the  Royal  College  of  Physicians 

and  Surgeons  of  England,  etc. 

I  vol.,  i2mo.     Illustrated.     198  pp.     Cloth,  $1. 

It  is  intended  to  inform  the  mind  on  the  subjects  involved  in  the  word  Health,  to  show  how 
health  may  be  retained  and  ill-health  avoided,  and  to  add  to  the  pleasure  and  usefulness  of  life. 


**  The  author  of  this  manual  has  rendered  a  real 
service  to  families  and  teachers.  It  is  not  a  mere 
treatise  on  health,  such  as  would  be  written  by  a 
medical  professor  for  medical  students.  Nor  is  it 
a  treatise  on  the  treatment  of  disease,  but  a  plain, 
common-sense  essay  on  the  prevention  of  most  of 
the  ills  that  flesh  is  heir  to.  There  is  no  doubt  that 
much  of  the  sickness  with  which  humanity  is  af- 
flicted is  the  result  of  ignorance,  and  proceeds  from 


the  use  of  improper  food,  from  defective  drainage, 
overcrowded  rooms,  ill-ventilated  workshops,  im- 
pure water,  and  other  like  preventable  causes. 
Legislation  and  municipal  reflations  may  do 
something  in  the  line  of  prevention,  but  the  people 
themselves  can  do  a  great  deal  more — particularly 
if  properly  enlightened  ;  and  this  is  the  purpose  of 
the  book." — Albany  Journal. 


LECTURES  ON  ORTHOPEDIC  SURGERY  AND  DIS- 
EASES OF  THE  JOINTS.  By  Lewis  A.  Sayre,  M.  D.,  Professor  of 
Orthopedic  Surgery  and  Clinical  Surgery  in  Bellevue  Hospital  Medical  Col- 
lege ;  Consulting  Surgeon  to  Bellevue  Hospital,  Charity  Hospital,  etc.,  etc. 


Second  edition,  revised  and  greatly  enlarged,  with  324  Illustrations. 

$5;  sheep,  $6. 


I  vol.,  8vo,  569  pp.    Cloth, 


This  edition  has  been  thoroughly  revised  and  rearranged,  and  the  subjects  classified  in  the  ana- 
tomical and  pathological  order  of  their  development.  Many  of  the  chapters  have  been  entirely 
rewritten,  and  several  new  ones  added,  and  the  whole  work  brought  up  to  the  present  time,  with 
all  the  new  improvements  that  have  been  developed  in  this  department  of  surgery.  Many  new 
engravings  have  been  added,  each  illustrating  some  special  point  in  practice. 


SpsaMBN  OF  Illustration. 


••The  name  of  the  author  is  a  sufficient  guar- 
antee of  its  excellence,  as  no  man  in  America  or 
elsewhere  has  devoted  such  unremitting  attention 
for  the  past  thirty  years  to  this  department  of  Sur- 
gery, or  given  to  the  profession  so  many  new  truths 
and  laws  as  applying  to  the  pathology  and  treat- 
ment of  deformities." — iVesiern  Lancet. 

'•  The  name  of  Lewis  A.  Sayre  is  so  intimately 
connected  and  identified  with  orthopaedics  in  all  its 
branches,  that  a  book  relating  his  experience  can 
not  but  form  an  epoch  in  medical  science,  and  prove 
a  blessing  to  the  profession  and  humanity.  Dr. 
Sayre's  views  on  many  points  differ  from  those 
entertained  by  other  surgeons,  but  the  great  suc- 
cesses he  has  obtained  fully  warrant  him  in  main- 
taining the  'courage  of  his  opinions.* " — American 
Jmrna/  0/  Obstetrics. 


••  Dr.  Sayre  has  stamped  his  individuality  on 
every  part  of  his  book.  Possessed  of  a  taste  for 
mechanics,  he  has  admirably  utilized  it  in  so  modi- 
fying the  inventions  of  others  as  to  make  them  of 
far  greater  practical  value.  The  care,  patience,  and 
perseverance  which  he  exhibits  in  fulfilling  all  the 
conditions  necessary  for  success  in  the  treatment  of 
this  troublesome  class  of  cases  are  worthy  of  all 
praise  and  imitation." — Detroit  Reviezv  0/  Medi- 
cine. 

"Its  teaching  is  sound,  and  the  originality 
throughout  very  pleasing;  in  a  word,  no  man 
should  attempt  the  treatment  of  deformities  of  joint 
affections  without  being  familiar  with  the  views 
contained  in  these  lectures." — Canada  Medical  and 
Surgical  Journal. 
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LECTURES    UPON    DISEASES    OF    THE    RECTUM 

AND   THE   SURGERY    OF   THE    LOWER    BOWEL.      Delivered  at 
the  Belle vue  Hospital   Medical  College  by  W.  H,  Van  Buren,  M.  D.,  late 
Professor  of  the  Principles  and  Practice  of  Surgery  in  the  Bellevue  Hospi- 
tal Medical  College,  etc.,  etc. 
Second  edition^  revised  and  enlaxged.    i  volume,  Svo,  412  pp.,  with  27  Illustrations  and  complete 

Index.     Cloth,  $j;  sheep,  $4. 

Sfkciukm  or  Iixustratiow.  *'  The  reviewer  too  often  finds  it  a  difficult 

task  to  discover  points  to  praise,  in  order  that 
his  crjtjdsms  may  not  seem  one-iided  ^nd  un- 
just. Thefse  lectures,  however,  place  htm  upon 
the  other  horn  of  the  dilemma,  vie.  to  6nd 
somewhat  to  criticise  severely  enough  to  dear 
hjmiaelf  of  the  diarge  of  indiscriminatin^  tau- 
dation.  Of  course,  the  author  upholds  some 
views  which  conflict  with  other  authorities,  but 
he  substantiates  them  by  the  most  powerful  of 
arguments,  vii.,  a  larg^c  experience,  the  results 
of  which  are  enunciated  by  one  who  elsewhere 
shows  that  he  can  appreciate,  and  accord  the 
due  value  to,  the  work  and  experience  of 
others, "^y^/T-A/t^^j  a/  MedtciHf^ 

"The  proent  is  a  new  volume  rather  than 
a  new  edition.  Both  its  sixe  and  material  j 
are  vastly  beyond  its  pnsdecessor.  The  * 
scholarly  method,  the  same  calm,  cunvmcina 
statement,  the  same  wise,  carefully  matun 
counsel,  per\'ade  every  paragraph.  The  dis 
comfort  and  dangers  of  the  diseases  of  the' 
rectum  call  for  greater  consideration  than 
they  usually  receive  at  the  hands  of  the  pro 
fcssion/' — Detroit  Lancet. 

j^<5f^  :JV3K^^^^flr"i?^i^^^^Hf.,ii  '  These  lectures  are  twelve  in  number,  and 

^         j^t^^^^   .  ^   ..^^^^^^^r—  jj^^y  ^  taken  as  an  exceUent  epitome  of  our 

present  knowledge  of  the  diseases  of  the  pan  ' 
m  question.  The  work  is  fuU  of  practjc 
matter,  but  it  owes  not  a  little  of  its  value  1 
the  ori^nal  thought,  lab<^)r.  and  suggestio 
as  to  the  treatment  of  disease,  whtcn  aL]wa3r 
characterize  the  productions  of  the  pen  of  Dr. 
Van  Buren." — Philadeiphia  Mfdktil  Ttmts. 

•*Thc  most  attractive  feature  of  the  work 
is  the  plain,  common-sense  manner  in  which 
each  subject  is  treAled.  The  author  has  laid  down  instmctions  for  the  treatment,  Medicinal  and  opera- 
tive, of  rectal  diseases  in  so  clear  and  lucid  style  as  that  any  practitioner  is  enabled  to  follow  it.  The 
large  and  successful  experience  of  the  distint^tiished  author  in  this  class  of  diseases  is  sufficient  of  itself  to 
warrant  the  hi^h  character  of  the  hQckJ'''—Nashviflf  JoHrnai  0/  Afedicine  and  Surgery, 

We  ha\*e  thus  briefly  tried  to  give  the     known  to  the  profession  as  one  of  our  most  accom- 


\i 


reader  an  idea  of  the  scope  of  this  work  ;  and  tlie 
work  is  a  good  one — as  {;ood  as  either  AMingham^s 
or  Curltngfs,  with  which  it  will  inevitably  be  com- 
pared. Indeed,  we  should  have  been  greatly  sur- 
prised if  any  work  fronn  the  pen  of  Dr*  Van  Buren 
had  not  been  a  good  one ;  and  we  have  to  tbonk 
him  that  for  the  Brst  lime  we  have  an  American 
text'book  on  this  subject  which  equals  those  that 
have  so  long  been  the  standards."— AVw  York  Med- 
ical youmaL 

'•  Mere  praise  of  a  book  like  this  would  be  super- 
fluous—almost impertinent.      The  author   is  well 


plished  surgeons  and  ablest  scientific  men.  Mucllrj 
is  expected  of  him  in  a  book  like  the  one  before 
and  those  who  read  it  will  not  be  disappointed, 
will,  indeed,  l>e  widely  read,  and,  in  a  short  time, 
take  its  place  as  the  standard  .\merican  authority/* 
— St.  Louis  Courier  0/  Medicine, 

**  Taken  as  a  whole,  the  book  is  one  of  the  most 
complete  and  reliable  ones  extant.  It  is  certainly 
the  best  of  any  similar  work  from  an  American  au* 
tbor.  It  ts  handsomely  bound  and  illustrated,  and 
should  be  in  the  hands  of  every  tiractitjoner  andj 
student  of  medicine.^* — Lifuisville  Medicat  Neraik'' 


REPORTS.     Bellevue  and  Charity  Hospital   Reports  for  187O; 

containing  valuable  contributions  from  Isaac  E»  Taylor,  M,  D.,  Austin 
Flint,  M.  l^.,  Lewis  A.  Sayre,  M.  D.,  William  A.  Hammond,  M,  D.»  T. 
Gaillard  Thomas,  M.  D.^  Frank  H,  Hamilton,  M.  D.,  and  others. 

I  vol.,  %\o^  415  pp.     Cloth ♦  $4. 

**  These  institutions  are  the  most  important,  as     connected  with  them  are  acknowledged  to  be  among 

regards  acct^^mmodations  for  patients  and  variety  of    the  first  in  their  profession,  and  the  volume  is  an 

aies  Created,  of  any  on  this  continent,  and  are  sur-    important  addition  to  the  professional  Utemlute  ol 

passed  by  but  few  in  the  world.    The  gCQlktuen     tbis  country, "—PivcAa/o^icuI  Jamrmal, 
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THE  POSTHUMOUS  WORKS  OF  SIR  JAMES  YOUNG 

SIMPSON,  Bart.,  M.  D.     In  Three  Volumes. 

Volume   I. — Selected   Obstetrical   and  GYNiECOLOGiCAL  Works  of   Sir 

James  Y.  Simpson.     Edited  by  J.  Watt  Black,  M.  D. 

I  vol.,  8vo,  852  pp.     Cloth,  $3;  sheep,  $4. 

This  first  volume  contains  many  of  the  papers  reprinted  from  his  Obstetric  Memoirs  and  Con- 
tributions, and  also  his  Lecture  Notes,  now  published  for  the  first  time,  containing  the  substance 
of  the  practical  part  of  his  course  of  midwifery.  It  is  a  volume  of  great  interest  to  the  profession, 
and  a  ntting  memorial  of  its  renowned  and  talented  author. 

Volume  II. — ANiESTHESiA,  Hospitalism,  etc.     Edited  by  Sir  Walter  Simp- 
son, Bart. 

**  We  say  of  this,  as  of  the  first  volume,  that  it     may  be  picked  out  and  studied  with  pleasure  and 
should  find  a  place  on  the  table  of  every  practi-     profiV^  TAe  Lance/  {London). 
tioner;  for,  although  it  is  patchwork,  each  piece 

I  vol.,  8vo,  560  pp.     Cloth,  $3 ;  sheep,  $4. 

Volume  III. — Diseases  of  Women.     Edited  by  Alexander  Simpson,  M.  D. 

I  vol.,  8vo,  789  pp.     Cloth,  $3 ;  sheep,  $4. 

One  of  the  best  works  on  the  subject  extant.     Of  inestimable  value  to  every  physician. 

ON    FOODS.      By   Edward    Smith,   M.  D.,   LL.  B.,   F.  R.  S., 

Fellow  of  the  Royal  College  of  Physicians  of  London,  etc.,  etc. 

I  vol.,  i2mo,  485  pp.     Cloth,  $1.75. 

'*  Since  the  issue  of  the  author's  work  on  *  Prac-  "  The  book  contains  a  series  of  diagrams,  dis- 

tical  Dietary,'  he  has  felt  the  want  of  another,  which  playing  the  effects  of  sleep  and  meals  on  pulsation 

would  embrace  all  the  generally  known  and  some  and  respiration,  and  of  various  kinds  of  food  on 

less  known  foods,  and  contain  the  latest  scientific  respiration,  which,  as  the  results  of  Dr.  Smith's  own 

knowledge  respecting  them.    The  present  volume  is  experiments,  possess  a  very  high  value.     We  have 

intended  to  meet  this  want,  and  will  be  found  use-  not  far  to  go  m  this  work  for  occasions  of  favorable 

ful  for  reference,  to  both   scientific  and  general  criticism  ;  they  occur  throughout,  but  are  perhaps 

readers.    The  author  extends  the  ordinary  view  of  most  apparent  in  those  parts  of  the  subject  with 

foods,  and  includes  water  and  air,  since  they  are  which   Dr.   Smith's  name  is  especially  Imked."^ 

important  both  in  their  food  and  sanitary  aspects.  London  Examiner. 

A     HAND-BOOK     OF    CHEMICAL    TECHNOLOGY. 

By  Rudolph  Wagner,  Ph.  D.,  Professor  of  Chemical  Technology  at  the 
University  of  Wurtzburg.     Translated  and  edited,  from  the  eighth  German 
edition,  with  Extensive  Additions,  by  William  Crooks,  F.  R.  S. 
With  336  Illustrations,     i  vol.,  8vo,  761  pp.     Cloth,  $5. 

Under  the  head  of  Metallurgic  Chemistry,  the  latest  methods  of  preparing  iron,  cobalt,  nickel, 
copper,  copper-salts,  lead  and  tin  and  their  salts,  bismuth,  zinc,  zmc-salts,  cadmium,  antimony, 
arsenic,  mercury,  platinum,  silver,  gold,  manganates,  aluminum,  and  magnesium,  are  described. 
The  various  applications  of.  the  voltaic  current  to  electro-metallurgy  follow  under  this  division. 
The  preparation  of  potash  and  soda-salts,  the  manufacture  of  sulphuric  acid,  and  the  recovery  of 
sulphur  from  soda  waste,  of  course  ocaipy  prominent  places  in  the  consideration  of  chemical  manu- 
factures. It  is  difficult  to  overestimate  tne  mercantile  value  of  Mond's  process,  as  well  as  the 
many  new  and  important  applications  of  bisulphide  of  carbon.  The  manufacture  of  soap  will  be 
found  to  include  much  detail.  The  technology  of  glass,  stone-ware,  limes,  and  mortars  will  pre- 
sent much  of  interest  to  the  builder  and  engineer.  The  technology  of  vegetable  fibers  has  been 
considered  to  include  the  preparation  of  flax,  hemp,  cotton,  as  well  as  paper-making ;  while  the 
application  of  vegetable  products  will  be  found  to  include  sugar-boiling,  wine-  and  beer-brewing, 
the  distillation  of  spirits,  the  baking  of  bread,  the  preparation  of  vinegar,  the  preservation  of  wood, 
etc. 

Dr.  Wagner  gives  much  information  in  reference  to  the  production  of  potash  from  sugar-resU 
dues.  The  use  of  baryta-salts  is  also  fully  described,  as  well  as  the  preparation  of  sugar  from 
beet-roots.  Tanning,  the  preservation  of  meat,  milk,  etc.,  the  preparation  of  phosphorus  and  ani- 
mal charcoal,  are  considered  as  belonging  to  the  technology  of  animal  products.  The  preparation 
of  materials  for  dyeing  has  necessarily  required  much  space  ;  while  the  final  sections  of  tne  book 
have  been  devoted  to  the  technology  of  heating  and  illumination. 
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PRACTICAL    TREATISE    ON    THE    SURGICAL 

DISEASES  OF  THE  GENITO-^URINARY  ORGANS,  induding 
Syphilis.  Designed  as  a  Manual  for  Students  and  Practitioners.  With 
Engravings.  By  E.  L.  Keyes,  A.  M.,  M.  D.,  Professor  of  Genito- Urinary 
Surgery,Syphilology»aiid  Dermatology  in  BellevneHospilal  MedicalCoUegj, 
Being  a  revision  of  a  I'reatise,  bearing  the  same  title^  by  Van  Buren  and 
Keyes,     Second  edition,  thoroughly  revised,  and  somewhat  enlarged. 

I  vol,  8vo.     688  pp.     Cloth,  $5;  sheep,  $6, 


^ 
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ShoMring  Enlar^  FrvifUic  mth  "  I  hird  l>obe/'  througb 
the  Base  of  which  a  False  PaMiag«  hais  been  made. 

This  work  U  really  a.  compendium  of,  and  a 
book  of  reference  tn,  all  modern  works  treating 
in  any  way  of  the  surgical  diseases  of  the  genilo> 
urinary  organs.  At  the  same  time,  no  other 
single  book  contains  so  large  anariay  of  <»r/jf/«ft/ 
facts  concerning  the  class  of  diseases  with  which 


it  deals.  These  facts  are  largely  drawTi  from 
the  extensive  and  varied  experience  of  the  au- 
thors. 

Many  important  branches  of  geni to-urinary 
diseases,  as  the  cutaneous  maladies  of  the  penis 
and  scrolumi  receive  a  thorough  and  exhaustive 
trealment  that  the  professional  reader  will 
search  for  elsewhere  in  vain. 

The  subject  of  syphilis  is  included,  of  nccev 
Lily,  in  this  treatise.  Although  properly  be- 
longing^ to  the  department  of  Principles  o(  Sur- 
gery, there  is  no  disease  falling  within  the  limits 
of  this  work  concerning  which  clear  and  cor- 
rect ideas  as  to  nature  and  treatment  will,  at 
the  present  time,  so  seriously  influence  success 
in  practice. 

The  present  edition  of  the  work  includes 
the  modern  operation  of  litholapoxy  which  is 
now  employed  in  the  place  of  lithotrily,  and  is 
elegantly  and  profusely  illustrated. 

*'  The  authors  '  appear  to  have  succeeded  admi* 
rabjy  in  giving  to  the  world  an  exhaustive  and  re- 
liable treatise  on  this  important  class  of  diseases/  " 
— iVorthwesferH  Medical  and  Sitrg^iccti  yournal, 

*'  It  is  a  most  complete  dii^est  of  what  has  long 
been  known,  and  of  what  has  been  more  recently 
disco^'ered.  in  the  field  of  syphihtic  and  geniio-urio* 
ary  disorders,  li  is.  |>erhaps,  not  all  exaggeration 
to  :^y  that  no  single  work  U|kiq  the  same  subjed 
has  yet  appeared,  in  this  or  any  foreign  language, 
which  b  superior  to  iV—C/ucaga  Mtdicai  izx^mi- 
£/ter, 

*'  The  commanding  reputation  of  Dr  "      ^     1   n 
in  this  specialty^  and  of  the  grrat  scIj 
pital  from  which  he  has  drawn  his  clini.!  h, 

together  with  the  general  intere5»t  which  attaches  lo 
the  subject-matter  itself,  will,  we  trust,  lead  very 
many  of  those  for  whom  it  is  our  office  lo  cater»  to 
possess  themselves  at  once  of  the  volume  and  form 
their  own  opinions  of  its  merit." — Atlanta  Mtdual 
and  Surgical  JoMrnaL 


A  MANUAL  OF   MIDWIFERY.     Including  the  Pathology 

of  Pregnancy  and  the  Puerperal  State.    By  Dr.  Carl  Schroeder,  Professor 

of  Midwifery  and  Director  of  the  Lying-in  Institution  in  the  University  o( 

Erlangen.     Translated  from   the   third  German   edition  by  Charles  H. 

Carter,  B.  A.,   M.  D.,   B*  S.,   London,  Member  of  the  Royal  College  of 

Physicians^  London, 

With  Twenty-six  Engravings  on  VVckxI.     I  vol.,  8vo,  -^  pp.     Cloth,  $3.50;  sheep,  $4.50. 

*'  The  translator  feels  that  no  apology  is  needed  in  offering  to  the  profession  a  translation  of 

Schroedcr's  *  Manual  of  Midwifery.*     The  work  is  well  known  in  Germany*  and  extensively  usc<J 

&s  a  texl-lwok:  it  has  already  reached  a  third  edition  within  the  short  space  of  two  years,  and  it 

is  hoped  that  the  present  translation  will  meet  the  want,  long  felt  in  this  country,  of  a  manual  of 

midwifery  embr«cing  the  latest  scientific  researches  on  the  suSiect." 
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HOSPITALS  :  Their  History,  Organization,  and  Construction. 
Boylston  Prize-Essay  of  Harvard  University  for  1876.  By  W.  Gill  Wvlie, 
M.  D.  I  voL,  8vo,  240  pp.    Cloth,  $2.50. 


A    TREATISE    ON     CHEMISTRY.      By   H.   R.   Roscoe, 

F.  R.  S.,  and  C.  Schorlemmer,  F.  R.  S.,  Professors  of  Chemistry  in  the 
Victoria  University,  Owens  College,  Manchester.     Illustrated. 

INORGANIC  CHEMISTRY.  Svo.  Vol.  I :  Non-Metallic  Elements.  $5. 
Vol.  II,  Part  I :    Metals.    $3.     Vol.  II,  Part  II :    Metals.     $3. 

ORGANIC  CHEMISTRY.  Svo.  Vol.  Ill,  Part  I .  The  Chemistry  of  the 
Hydrocarbons  and  their  Derivatives.  $5.  Vol.  Ill,  Part  II,  com- 
pleting the  work  :  The  Chemistry  of  the  Hydrocarbons  and  their 
Derivatives.    $5. 

**  It  has  been  the  aim  of  the  authors,  in  writing  their  present  treatise,  to  place  before  the  read- 
er a  fairly  complete  and  yet  a  clear  and  succinct  statement  of  the  facts  of  Modern  Chemistry,  while 
at  the  same  time  entering  so  far  into  a  discussion  of  chemical  theory  as  the  size  of  the  work  and  the 
present  transition  state  of  the  science  will  permit. 

*•  Special  attention  has  been  paid  to  the  accurate  description  of  the  more  important  processes 
in  technical  chemistry,  and  to  the  careful  representation  of  the  most  approved  forms  of  apparatus 
employed. 

•*  Much  attention  has  likewise  been  given  to  the  representation  of  apparatus  adopted  for  lec- 
ture-room experiment,  and  the  numerous  new  illustrations  required  for  this  purpose  have  all  been 
taken  from  photographs  of  apparatus  actually  in  use." — Extract  from  Preface. 


Spkcimbn  of  Illustration. 


*'  The  authors  are  evidently  bent  on  making 
their  book  the  finest  systematic  treatise  on  modern 
chemistry  in  the  English  languagfe,  an  aim  in  which 
they  are  well  seconded  by  their  publishers,  who 
spare  neither  pains  nor  cost  in  illustrating  and 
otherwise  setting  forth  the  work  of  these  distin- 
guished chemists." — London  Athenceum. 

"  It  is  difficult  to  praise  too  highly  the  selection 
of  materials  and  their  arrangement,  or  the  wealth 
of  illustrations  which  explain  and  adorn  the  text. 
In  its  woodcuts,  in  its  technological  details,  in  its 
historical  notices,  in  its  references  to  original 
memoirs,  and,  it  may  be  added,  in  its  clear  type, 
smooth  paper,  and  ample  margins,  the  volume  un- 
der review  presents  most  commendable  features. 
Whatever  tests  of  accuracy  as  to  figures  and  facts 
we  have  been  able  to  apply  have  been  satisfactorily 
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met,  while  in  clearness  of  statement  this  volume 
leaves  nothing  to^  desired.  Moreover,  it  is  most 
satisfactory  to  find  that  the  progress  of  this  valuable 
work  toward  completion  is  so  rapid  that  its  begin- 
ning will  not  have  become  antiquated  before  its  end 
has  been  reached— no  uncommon  occurrence  with 
elaborate  treatises  on  natural  science  subjects." — 
London  Academy. 

"  We  have  no  hesitation  in  saying  that  this  vol- 
ume fully  keeps  up  the  reputation  gained  by  those 
that  preceded  it.  There  is  the  same  masterly  hand- 
ling of  the  subject-matter ;  the  same  diligent  care 
has  been  bestowed  on  hunting  up  all  the  old  history 
connected  with  each  product.  It  is  this  that  lends 
so  great  a  charm  to  the  whole  work,  and  makes  it 
very  much  more  than  a  mere  text-book." — Satur- 
day  Review, 


34 


D,  APPLETON  &>  CQ:S  MEDICAL   WORKS. 


THE     BRAIN    AND     ITS   FUNCTIONS, 

Physician  to  the  Hospice  de  la  Salp^tri^re. 

With  lliustrations.     izmo.     Cloth,  $1.50. 


By  J.   LuYS, 


'  *  No  living  physiologist  Ls  better  entitled  to 
speak  with  authority  upon  the  structure  and  func- 
tions of  the  brain  than  Dr.  Luys.  His  studieii  on 
the  anatomy  of  the  nervous  system  are  acknowl- 
edged to  be  the  fullest  and  most  systematic  ever  un- 
dertaken/'— :it.  James's  GasetU, 

**  It  is  not  too  much  to  say  that  M.  Luys  hasgpne 
further  than  any  other  investigator  into  this  great 
field  of  study,  and  only  those  who  are  at  least  dimly 
aware  of  the  vast  changes  going:  on  in  the  realm  of 
ps>chology  can  appreciate  the  importance  of  his 
revelations.     Particularly   interesting  and  valuable 


are  the  cliapters  dealing  with  the  genesis  and  cvolo* 
tion  of  memory,  the  development  of  automatic  ftc- 
tiviiy,  and  the  development  of  the  notion  of  pcrsoo- 
aiily." — Boston  Evening  Traveller . 

**  Dr.  Luys,  at  the  head  of  the  great  French  In- 
sane Asyttim,  is  one  of  the  most  eminent  and  smo- 
cessful  investigators  of  cerebral  science  now  living ; 
and  he  has  given  unquestionably  the  dearest  and 
mobt  interesting  brief  account  yet  made  of  the 
structure  and  operations  of  the  brain/'^/V/«Jitr 
Science  Monthly . 


GENERAL      PHYSIOLOGY      OF      MUSCLES     AND 

NERVES,     By  Dr.  L  Rosenthal,  Professor  of  Physiology  at  the  Univer- 
sity of  Eriaogen, 

With  75  Woodcuts.     i2mo.     Cloth,  $1.50. 

^'  Dr.  Rosenthal  claims  that  the  present  work  is 
the  *  first  attempt  at  a  connected  account  of  ^neral 
physiology  of  muscles  and  nerves.*  This  being  the 
case,  On  Ros»enthal  is  entitled  to  the  g^realesl  credit 
for  his  clear  and  aorunile  presentation  of  the  ex- 
perimental data  upon  which  must  rest  all  future 
knowledge  of  a  very  important  branch  of  medical 
and  electrical  science.  The  book  consists  of  317 
pages,  with  seventy-five  woodcuts,  many  of  which 
represent  physiological  apparatus  devised  by  the 
author  or  by  his  friends,  Professor  Du  Bois-Rey- 
mond  and  llelmholti.  It  must  be  r^arded  as  in- 
dispensable to  all  future  courses  of  medical  study/' 
— I\'eiu  York  Herald. 

"  Although  this  work  is  written  for  the  instruc- 
tion of  students,  it  is  by  no  means  so  technical  and 


I 


t2mo. 

recondite  as  to  be  unprofitable  or  uninteresting  to 
the  inquiring  general  reader."" — New  Y&rk  O*- 
server, 

^*  In  this  volume  an  attempt  is  made  to  give  a 
connected  account  of  the  general  physiology  of 
muscles  and  nerves,  a  subject  which  has  never  be* 
fore  bad  so  thorough  an  exposition  in  any  teoit- 
book,  although  it  is  one  which  has  many  points  of 
interest  for  every  oiltivated  man  who  seeks  to  be 
well  informed  on  all  branches  of  the  science  of  life. 
This  work  sets  before  its  readers  all,  even  the  most 
intricate,  phases  of  its  subject  with  such  clearness  of 
expre«;-*iinn  that  any  educated  person  though  not  a 
specialist  can  comprehend  it. *^ — Xew  Haven  Palla^ 
aium. 


MEDICAL  AND  SURGICAL  ASPECTS  OF  IN-KNEE 

(Genu-Valgum) :  Its  Relation  to  Rickets;  its  Prevention;  and  its  Treat- 
ment, with  or  without  Surgical  Operation.  By  W.  J.  Little,  M.  D.,  F.  R, 
C  P,,  late  Senior  Physician  to  and  Lecturer  on  Medicine  at  the  London 
Hospital;  Visiting  Physician  to  the  Infant  Orphan  Asylum  atWanstead; 
the  Earlswood  Asylum  for  Idiots;  Founder  of  the  Royal  Orthopedic  Hos- 
pital, etc.     Assisted  by  E.  Muirhead  Little,  NL  R.  C  S. 

One  8vo  vol,,  containing  161  pages,  with  complete  Index,  and  illustrated  by  upward  of  $0  Figures 

and  Diagramr-.     Clotb»  $2. 

A     DICTIONARY     OF     MEDICINE,    including    General 

Pathology,  General  .Therapeutics,  Hy^ene,  and  the  Diseases  peculiar  to 

Women  and  Children.     By  Various  Writers.     Edited  by  Richarb  Quain, 

M.  D.,  F.  R.  S.,  Fellow  of  the  Royal  College  of  Physicians;  Member  of  the 

Senate  of  the  University  of  London;   Member  of  the  General  Council  of 

Medical  Education  and  Registration;  Consulting  Physician  to  the  Hospital 

for  Consumption  and  Diseases  of  the  Chest  at  Brompton,  etc. 

In  one  large  8vo  volume  of  1*834  pages,  and  138  Mlustrations.     Half  morocco,  $8.     Sold  only  by 

suliscriptioR. 

This  work  is  primarily  a  Uiclionary  of  Medicine,  in  which  the  several  diseases  are  fully  dis- 
cussed  in  alphabetical  order*  The  description  of  each  includes  an  account  of  its  etiology  and  ana- 
fomicaJ  characters ;  its  symptoms,  cout^,  dMTa,Uoii,  and  termination ;  its  diagnosis,  prognosis* 
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and,  lastly,  ils  treatment.  General  Pathology  comprehends  articles  on  the  origin,  characters,  and 
nature  of  disease. 

General  Therapeutics  includes  articles  on  the  several  classes  of  remedies,  their  modes  of  ac- 
tion, and  on  the  methods  of  their  use.  The  articles  devoted  to  the  subject  of  Hvgiene  treat  of  the 
causes  and  prevention  of  disease,  of  the  agencies  and  laws  affecting  public  healtn,  of  the  means  of 
preserving  the  health  of  the  individual,  of  the  construction  and  management  of  hospitals,  and  of 
the  nursing  of  the  sick. 

Lastly,  the  diseases  peculiar  to  women  and  children  are  discussed  under  their  respective  head- 
ings, both  in  aggrre^ate  and  in  detail. 

Among  theleadmg  contributors,  whose  names  at  once  strike  the  reader  as  affording  a  guaran- 
tee of  the  value  of  their  contributions,  are  the  following : 


Allbutt,  T.  Cufford,  M.  A.,  M.  D. 

Barnes,  Robert,  M.  D. 

Bastian,  H.  Charlton,  M.  A.,  M.  D. 

BiNZ,  Carl,  M.  D. 

Bristowe,  J.  Syer,  M.  D. 

Brown-Sequard,  C.  E.,  M.  D.,  LL.  D. 

Brunton,  T.  Lauder,  M.  D.,  D.  Sc. 

Fayrer,  Sir  Joseph,  K.  C.  S.  I.,  M.  D.,  LL.  D. 

Fox,  Tilbury,  M.  D. 

Galton,  Captain  Douglas,  R.  E.  (retired). 

GowERS,  W.  R.,  M.D. 


Wells,  T.  Spencer. 


Greenfield,  W.  S.,  M.  D. 
Jenner,  Sir  William,  Bart., 
Lego,  J.  Wickham,  M.  D. 
Nightingale,  Florence. 
Paget,  Sir  James,  Bart. 
Parkes,  Edmund  A.,  M.  D. 
Pavy,  F.  W.,  M.D. 
Playfair,  W.  S.,  M.  D. 
Simon,  John,  C.  B.,  D.  C.  L. 
Thompson,  Sir  Henry. 
Waters,  A.  T.  H.,  M.  D. 


K.  C.  B.,  M.  D. 


'*  Not  only  is  the  work  a  Dictionary  of  Medicine 
in  its  fullest  sense  ;  but  it  is  so  encyclopedic  in  ils 
scope  that  it  may  be  considered  a  condensed  review 
of  the  entire  field  of  practical  medicine.  Elach  sub- 
ject is  marked  up  to  date  and  contains  in  a  nutshell 
the  accumulated  experience  of  the  leading  medical 
men  of  the  day.  As  a  volume  for  ready  reference 
and  careful  study,  it  will  be  found  of  immense  value 
to  the  general  practitioner  and  student." — Medical 
Record. 

"The  'Medical  Dictionary'  of  Dr.  Quain  is 
something  more  than  its  title  would  at  first  indicate. 
It  might  with  equal  propriety  be  called  an  encyclo- 
paedia. The  different  diseases  are  fully  discussed  in 
alphabetical  order.  The  description  of  each  in- 
cludes an  account  of  its  various  attributes,  often 
covering  several  pages.  Although  we  have  pos- 
sessed the  book  only  Uie  short  time  since  its  publica- 
tion, its  loss  would  leave  a  void  we  would  not  know 
how  to  fiU." — Boston  Medical  and  Surg,  Journal. 

"Although  a  volume  of  over  i,8oo  pages,  it  is 
truly  a  multum  in  parvo^  and  will  be  found  of 
much  more  practical  utility  than  other  works  which 
might  be  named  extending  over  many  volumes. 
The  profession  of  this  country  are  under  obligations 
to  you  for  the  republication  of  the  work,  and  I  de- 
sire to  congratulate  you  on  the  excellence  of  the 
illustrations,  together  with  the  excellent  typograph- 
ical execution  m  all  respects." — Austin  Flint, 
M.D. 

♦♦  It  is  with  great  pleasure,  indeed,  that  we  an- 
nounce the  publication  in  this  country,  by  the  Ap>- 
pletons,  of  this  most  superb  work.  Of  all  the 
medical  works  which  have  been,  and  which  will  be, 
published  this  year,  the  most  conspicuous  one  as 
embodying  learning  and  research — the  compilation 
into  one  great  volume,  as  it  were,  of  the  whole  sci- 
ence and  art  of  medicine — is  the  •  Dictionary  of 
Medicine'  of  Dr.  Quain.  Zieraen's  'Practice  of 
Medicine'  and  Reynolds's  •System  of  Medicine' 
are  distinguished  works,  forming  compilations,  in 
the  single  department  of  practice,  of  the  labors  of 
many  very  eminent  physicians,  each  one  in  his  con- 
tributions presenting  the  results  of  his  own  observa- 
tions and  experiences,  as  well  as  those  of  the  inves- 
tigations of  others.  But  in  the  dictionary  of  Dr. 
Quain  there  are  embraced  not  merely  the  principles 
and  practice  of  medicine  in  the  contributions  by  the 
various  writers  of  eminence,  but  general  pathology, 
general  therapeutics,  hygiene,  diseases  of  women 
and  children,  etc." — Cincinnati  Medical  News. 

*•  Criticism  in  detail  we  have  not  attempted,  and 
this  is  in  the  main  because  there  is  not  much  room 


for  it.  Those  who  are  most  competent  to  pass  an 
opinion  will,  we  beUeve,  admit  that  Dr.  Quain  has 
carried  out  a  most  arduous  enterprise  with  great 
success.  His  *  Dictionary  of  Medicine'  embodies 
an  enormous  amount  of  information  in  a  most  ac- 
cessible form,  and  it  deserves  to  take  its  place  in  the 
library  of  every  medical  man  as  a  ready  guide  and 
safe  counselor.  Others,  too,  will  find  within  its 
pages  so  much  information  of  various  kinds  that  it 
can  not  fail  to  estabUsh  itself  as  a  standard  work  of 
reference." — St.  James's  Budget. 

*•  Therefore  we  believe  that  as  a  whole  the  work 
will  admirably  fulfill  its  purpose  of  being  a  standard 
book  of  reference  until,  like  other  dictionaries  of 
progressive  science,  it  will  require  to  be  remodeled 
or  supplemented  to  keep  pace  with  advancing 
knowledge." — The  Lancet  {London). 

*'I  think  'Quain's  Dictionary  of  Medicine' an 
excellent  work,  and  of  great  practical  use  for  every- 
day reference  by  the  physician." — Alexander  J.  C. 
Skene,  M.  D.,  Professor  of  the  Medical  and  Surgi- 
cal  Diseases  of  Women  ^  Long  Island  College  Hos- 
pital, Brooklyn,  N.  Y. 

"  I  regard  '  Quain's  Dictionary  of  Medicine '  the 
most  important,  because  most  useful,  publication  of 
its  kind  issued  from  the  medical  press  for  many  a 
year.  In  fact,  I  know  of  no  similar  work  that  can 
fitly  be  compared  with  it  The  extraordinary  facili- 
ties Dr.  Quain  possesses,  in  the  choice  of  distin- 
guished collaborators,  have  been  applied  to  the  con- 
struction of  a  volume  whose  contents  are  so  clear 
and  compact,  yet  so  full,  that  the  hung^riest  seeker 
after  the  latest  results  of  strictly  medical  research 
can  be  satisfied  at  one  sitting." — Alexander 
Hutch  ins,  M.  D. 

"  In  this  important  work  the  editor  has  endeav- 
ored to  combine  two  features  or  purposes :  in  the 
first  place,  to  offer  a  dictionary  of  the  technical 
words  used  in  medicine  and  the  collateral  sciences, 
and  also  to  present  a  treatise  on  S3rstematic  medi- 
cine, in  which  the  separate  articles  on  diseases 
should  be  short  monographs  by  eminent  specialists 
in  the  several  branches  of  medical  and  suigical  sci- 
ence. Especially  for  the  latter  purpose,  he  secured 
the  aid  of  such  well-known  gentlemen  as  Charles 
Murchison,  John  Rose  Cormack,  Tilbury  Fox, 
Thomas  Hayden.  William  Aitken,  Chariton  Bas- 
tian,  Brown-S6quard,  Sir  William  Jenner,  Eras- 
mus Wilson,  and  a  host  of  others.  By  their  aid  he 
may  fairly  be  said  to  have  attained  his  object  of 
*  bringing  together  the  latest  and  most  complete  in- 
formation, in  a  form  which  would  allow  of  ready 
and  easy  reference.' "— J/^rf.  and  Surg.  Reporter. 
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PRACTICAL  TREATISE  ON    THE    DISEASES  OF 

CHILDREN*  Third  American  from  the  eighth  German  edition.  Revised 
and  enlarged*  Illustrated  by  Six  Lithographic  Plates.  By  Alfred 
VoGEL,  M.  D.|  Professor  of  Clinical  Medicine  in  the  University  of  Dorpat, 
Russia.  Translated  and  edited  by  H.  Raphael,  M,  D.,  late  House  Sur- 
geon to  Bellevue  Hospital  j  Physician  to  the  Eastern  Dispensary  for  the 
Diseases  of  Children,  etc.,  etc. 

I  vol.,  8vo,  640  pp.     Cloth,  $4*50  ;  sheep,  $5.50. 

derived  from  the  possesiiion  of  this  ^-oAJ^—BuJ'at^ 
Midkal  and  Sur^icaJ  yimrnai. 


***Vogel's  Treatise  on  Diseases  of  Children* 
has  a  world-wide  repytalion,  having  appeared  in  the 
Russian,  German,  Dutch,  and  Engh:»h  Jang;uages. 
This  i<  a  desi^rved  success,  for  it  is  a  book  admira- 
bly adapted  to  the  wants  both  of  the  practitioner 
and  -tudent  The  present  edition  is  brouijht  well 
up  to  the  present  state  of  pathological  knowled^^e, 
it  is  complete  without  prolixity,  and  the  book  bears 
upon  its  pag^  the  evidence  of  the  work  ol  a  skillful 
and  expnerienced  clinical  practitioner.  .  .  .  We 
would  most  heartily  commend  the  book  a-s  one  of 
the  most  valuable  upon  Ihc  subject,  and  indeed  few 
physicians  can  alTord  to  forego  the  advanta^^es  to  be 


'^  This  is  indeed  a  valuable  addition  to  the  litera- 
ture of  P;edialrics,  ...  In  this  latest  edition  iyA 
American)  much  has  been  added  to  the  chapters  00 
Artificial  Nutrition,  a  sublet  of  deep  interest  to  the 
practitioner,  on  Difficuhies  of  Dentition,  and  on 
ISIer\"ous  Diseases  of  Children,  .  ,  .  Tlii*  atone 
should  be  worth  the  price  of  the  book,  as  the  treat- 
ment of  diseases  of  children  is  too  much  after  the 
stereotyped  fashion  of  the  last  century."— Z?tfirv/\r 
Jtxas  Medical  JaurnaL 


THE    NEW    YORK    MEDICAL   JOURNAL:    A  Weekly 

Review  of  Medicine.     Edited  by  Frank  P.  Foster,  M.  D. 

The  New  York  Medical  Journal*  now  in  the  twenty-third  year  of  its  publication,  is  pub* 
lished  every  Saturday,  each  numl>cr  containing  twenty-eight  large  double-columned  pages  of 
reading  matter.  By  reason  of  the  condensed  form  in  which  the  matter  is  arranged,  it  contains 
more  reading  matter  than  any  other  journal  of  its  class  in  the  United  Stales.  It  is  also  more 
freely  illustrated,  and  its  illustrations  arc  generally  belter  executed,  than  is  the  case  with  other 
weekly  journals. 

REASONS  WHY  PHYSIC! A  MS  SHOULD  SUBSCRIBE  FOR  THE  JOURNAL. 

BECAUSE:  It  is  the  LEADING  JOURNAL  of  America,  and  contains  more  reading  miitlcr 
than  any  other  journal  of  its  class. 

BECAUSE:  It  is  the  exponent  of  the  most  advanced  scientific  medical  thought. 

BECAUSE  :  Its  contributors  ore  among  the  most  learned  medical  men  of  this  country. 

BECAUSE:  Its  "Original  Articles"  are  the  results  of  scientiBc  observation  and  research,  and 
are  of  infinite  practical  value  to  the  general  practitioner, 

BECAUSE:  Tlie  '*  Reports  on  the  Progress  of  Medicine,**  which  arc  published  from  tinie  to 
time,  contain  the  most  recent  discoveries  in  the  various  departments  of  medicine,  and  are 
written  by  prnctitionerA  especially  qualified  for  the  purpose. 

BECAUSE:  The  column  devoted  in  each  number  to  *»Tlierapeutical  Notes '*  cofl^Ulls  a  r^lliVli/ 

of  the  practical  application  of  the  most  recent  therapeutic  novcltici. 

BECAUSE:  The  Society  Proceedings,  of  which  each  number  contains  one  or  more^  are  reports 
of  ihe  practical  experience  of  prominent  physicians  who  thus  give  to  the  professi<>ti  the  results 
of  certain  modes  of  treatment  in  given  cases. 

BECAUSE:  The  Editorial  Columns  are  controlled  only  by  »he  desire  to  promote  the  welfare, 
honor,  and  advancement  of  the  science  of  medicine,  as  vicncd  from  a  standpoint  looking  to 
the  best  interests  of  the  profession. 

BECAUSE :  Nothing  \^  admitted  to  its  columns  that  has  not  some  bearing  on  mcdidnc^  or  is  not 
possessed  of  some  practical  value* 

BECAUSE:  It  is  published  solely  in  the  interests  of  incdidne,  and  for  the  upholding  of  tlie 
elevated  position  occupied  by  the  profession  of  America. 

The  volumes  begin  with  January  and  July  of  each  year.  Subscriptions  can  be  arraogcd  ri> 
begin  with  the  volume. 

Terms,  Payable  m  Advance:  One  Year,  $5.00;  Six  Months,  $ajo;  Single  Copy,  10 
cent*.     (No  subscriptions  received  for  less  than  six  months. )     Binding  Cases.  Cloth.  50  cents. 

THE  POPULAR  SCIENCE  MONTHLY  and  THE  NEW  YORK  MEDICAL  JOUR- 
NAL to  the  same  address,  $9.00  per  annum  (full  price,  $10.00),  payable  in  advance. 
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PARALYSES:   CEREBRAL,   BULBAR,  AND   SPINAL 

A  Manual  of  Diagnosis  for  Students  and  Practitioners.     By  H.  Charlton 

Bastian,  M.  a.,  M.  D.,  F.  R.  S.  ;  Fellow  of  the  Royal  College  of  Physicians; 

Examiner  in  Medicine  at  the  Royal  College  of  Physicians ;  Professor  of 

Clinical  Medicine  and  of   Pathological  Anatomy  in   University  College, 

London,  etc. 

With  136  Illustrations.     Small  8vo,  671  pages.     Cloth,  $4.50. 

"  The  work  is  designed  to  facilitate  diagnosis  of         *'  This  is  ♦  a  manual  of  dia^osis  for  studenti 

the  various  forms  of  paralysis.  .  .  .  The  lx)ok  sup-  and  practitioners,'  and  as  a  speaal  work  on  the  di- 

pliea  a  want  long  felt ;  to  come  from  this  celebrated  agnosis  on  localication  of  a  paralysing  lesion  we  do 

author  makes  it  much  more  valuable."— ^i(^tf A?  not  know  of  its  equal  in  any  language."— Fjr^'wM 

Medical  and  Surgical  Journal,  Medical  Monthly. 

"We  deem  the  work  to  be  one  of  immense  value  ..^^  ^^  strongly  recommend  Dr.  Bastian»8 
which  must  add  greaUy  to  its  author's  already  large    ^^  ^    ^^  ^^^^^^  l^^  practitioner  as  a  monument 

Press  0/  Western  New  York.  ^  ..  p^^  diagnosis  Bastian's  work  will  take  the  high- 

•*  Throughout  the  work  the  author's  mastery  of  est  rank.     It  is  remarkable  for  its  philosophical  tone 

the  subject  is  constantly  apparent,  and  it  must  take  and  for  the  author's  critical  comments  on  numerous 

rank  as  without  a  supenor  in  its  special  department."  obscure  problems  on  neurology."— ^w^ncaw  Jour- 

—Medical  and  Surgical  Reporter.  nal  of  the  Medical  Sciences. 

ELEMENTS  OF  PRACTICAL  MEDICINE.  By  Alfred 
H.  Carter,  M.  D.,  Member  of  the  Royal  College  of  Physicians,  London ; 
Physician  to  the  Queen's  Hospital,  Birmingham,  etc. 

Third  edition,  revised  and  enlarged,     i  vol.,  i2mo,  427  pages.     Cloth,  $3.00. 

**  Although^  this  work  does  not  profess  to  be  a  wisely,  perhaps,  since  we  know  so  little  about  it ; 

complete  treatise  on  the  practice  01  medicine,  it  is  and  of  that  other  almost  unknown  quantity  in 

too  full  to  be  called  a  compend  \  it  is  rather  an  in-  medicine,  scrofula,  the  author  has  with  equal  pru- 

troduction  to  the  more  exhaustive  study  embodied  dence  abstained  from  saying  much.     He  admits 

in  the  larger  text-books.    An  idea  of  the  degree  to  such  a  condition  as  scrofulosis,  but  thinks  it  has  no 

which  condensation  has  been  carried  in  it  can  be  necessary  connection  with  tuberculosis.     He  is  a 

gathered  from  the  statement  that  but  twenty-one  believer  in  the  ^rm-theory  of  disease,  and  speaks 

pages  are  occupied  with  the  diseases  of  the  circula-  of  Koch's  investigations  and  discoveries  as  veiy  im- 

tory  sjTstem.    lif  the  reader  gets  the  impression  that  portant,  to  him  umost  conclusive. 
the  phjTsical  signs  are  given  somewhat  too  meager-  **  Notwithstanding  the  condensed  make-up  of 

It,  it  is  to  be  said  that,  by  way  of  compensation,  the  book,  it  is  quite  comprehensive,  including  even 

the  symptomatology  in  general  is  consioered  with  cutaneous  and  venereal  aiseases.    It  contains  much 

admirable  perspicuity  and  good  judgment.  valuable  information,  and  we  may  add  that  it  Is 

•*  Leucocythasmia  is  dismisscKl  with  one  page —  very  readable." — New  York  Medical  JoumaL 

THE  MINERAL  SPRINGS  OF  THE  UNITED  STATES 

AND   CANADA,  with  Analysis  and   Notes   on  the   Prominent   Spas  of 

Europe  and  a  List  of  Sea-side  Resorts.     An  enlarged  and  revised  edition 

By  George  E.  Walton,  M.  D.,  Lecturer  on  Materia  Medica  in  the  Miami 

Medical  College,  Cincinnati. 

Second  edition,  revised  and  enlarged.     I  vol.,  i2mo,  414  pp.     With  Maps.     $2. 

The  author  has  given  the  analysis  of  all  the  springs  in  this  country  and  those  of  the  principal 
European  spas,  reduced  to  a  uniform  standard  of  one  wine-pint,  so  that  they  may  readily  be  com- 
pared. He  has  arranged  the  sprines  of  America  and  Europe  in  seven  distinct  classes,  and  de- 
scribed the  diseases  to  which  minersQ  waters  are  adapted,  with  references  to  the  class  of  waters 
applicable  to  the  treatment ;  and  the  peculiar  characteristics  of  each  spring  as  near  as  known  are 
given — also  the  location,  mode  of  access,  and  post-office  address  of  every  spring  are  mentioned, 
in  addition,  he  has  described  the  various  kinds  of  baths  and  the  appropriate  use  of  them  in  the 
treatment  of  disease. 

"  Precise  and  comprehensive,  presenting  not  only     use  as  intelligently  and  beneficially  as  they  can  other 
reliable  analysis  of  the  waters,  but  their  therapeutic     valuable  alterative  agents." — Sanitarian, 
value,  so  that  physicians  can  hereafter  advise  their 
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DISEASES   OF    MEMORY:   An  Essay  in  the  Positive  Psy- 

chology.     By  Th,  Ribot,  Author  of  "  Heredity,*'  etc.     Translated  from  the 

French  by  William  Huntington  Smith. 

umo.    Cloth,  $1.50. 

ical  assocjalions,  very  Btable  and  v«ry  re«x>nsive  to 


"Not  merely  10  scienti5c*  but  to  all  thinking 
men,  this  volume  will  prove  intensely  mieresting.'* 
—Am  York  Obstt-ver. 

**M.  Ribot  has  bestowed  the  most  painstaking 
alien tion  upon  his  theme,  and  numerous  examples 
of  the  conditions  considered  greatly  increase  the 
value  and  inlerest  of  the  s^hxm&y ^Phiiaddpki^i 
North  AmertcaH, 

"  *  Memory,"  says  M*  Ribot,  *  is  a  general  func- 
tion of  the  nervous  system.  It  is  ba^  upon  the 
faculty  possessed  by  the  nervous  elements  of  con - 
serving:  a  received  modification,  and  of  forming  as* 
sodalions.'  And  again :  *  Memory  iis  a  biological 
fact,  A  rich  and  extensive  memory  is  not  a  collec* 
tion  of  impressions^  but  an  accumulation  of  dynaoi- 


proper  stimuli,  .  .  .  The  brain  Is  like  a  Iaborj|t0f7 
full  of  movement  where  thousands  of  operations  are 
going  on  all  at  once.  Unconscious  cerebration,  not 
being  subject  to  restrictions  of  time,  operatin^s  so  to 
speak,  only  in  space,  may  act  in  several  direction* 
at  the  same  momenU  Consciousness  is  the  narrow 
gate  through  which  a  very  small  part  of  all  thU 
work  is  able  to  reach  us»'  M.  Ribot  thus  reduces 
diseases  of  memory  to  law^  and  his  treatise  is  of  ex- 
traordinary m\tT^iy—Philade/p/tia  fYcss. 

•*  It  is  not  too  much  to  say  that  in  no  single  work 
have  so  many  oirious  cases  been  brought  together 
and  interpreted  in  a  scientific  manner.^* — Bfisiom 
Evening  Traveller. 


A   TREATISE    ON    INSANITY,  in   its   Medical   RelationsT 
By  William  A.  Hammond,  M,  D.,  Surgeon-General  U.  S.  Army  (retired 
list) ;  Professor  of  Diseases  of  the  Mind  and  Nervous  System,  in  the  New 
York  Post-Graduate  Medical  School ;  President  of  the  American  Neuro- 
logical Association,  etc. 

t  voL,  8vo,  767  pp.     Cloth,  $5;  sheep,  $6. 

In  this  work  the  author  has  not  only  considered  the  subject  of  Insanity »  but  has  prefixed  that 
division  of  bis  work  with  a  general  view  of  the  mind  and  the  several  categories  of  menial  facuhicA, 
and  a  full  account  of  the  various  causes  that  exercise  an  influence  over  mtnial  derangement,  soch 
as  habit,  age,  sex,  hereditary  tendency,  constitution,  temperament,  instinct,  sleep,  dreams,  and 
many  other  factors. 

Insanity,  it  is  believed,  is  in  this  volume  brought  before  the  reader  in  an  original  nvanner*  and 
with  a  degree  of  thoroughness  which  can  not  but  lead  to  important  results  in  the  study  of  psycho- 
logical medicine.  Those  forms  which  have  only  been  incidenlally  alluded  to  or  entirely  disrcgard- 
ecfin  the  text-books  hitherto  published  are  here  shown  to  be  of  the  greatest  inlerest  to  the  g:eneral 
practitioner  and  sludent  of  mental  science,  bnolh  from  a  normal  and  abnormal  stand^ptiint.  To  « 
great  extent  the  work  relates  to  those  species  of  mental  derangement  which  are  not  seen  withta 
asylum  walls,  and  which,  therefore,  are  of  special  importance  to  the  non-asylum  physiciaii* 
Moreover,  it  points  out  the  symptoms  of  Insanity  in  its  first  stages,  during  which  there  ts  moft 
hope  of  successful  medical  treatment,  and  before  the  idea  of  an  asylum  has  occurred  to  the  paticnl^t 
friends. 


**  We  believe  we  may  fairly  say  that  the  volume 
is  a  sound  and  practical  treatise  on  the  subject  with 
which  it  deals  ;  contains  a  great  deal  of  information 
carefully  selected  and  put  together  in  a  pleasant  and 
readaMe  form  ;  and,  emanating,  as  it  does,  from  an 
author  whose  previous  works  have  met  with  a  mcvsl 
favorable  reception,  will,  we  have  lit|ie  doubt,  obtain 
a  wide  circulation." —  The  Dubiin  yournal  of  Medi- 
cal Sc  tenet, 

** .  ,  .  The  times  are  ripe  for  a  new  work  on  in- 
sanity, and  Dr,  Hammond*s  great  work  will  serve 
hereafter  to  mark  an  era  in  the  history  of  American 
psychiatry.  It  should  be  in  the  hands  of  every 
physician  who  wishes  to  have  an  understanding  of 
the  present  status  of  this  advancing  science.  Who 
begins  to  read  it  will  need  no  urging  to  continue ; 
he  will  hi  carried  along  irresistibly.  We  unhesitat- 
ingly pronounce  it  one  of  the  best  works  on  insan- 
ity which  has  yet  appeared  in  the  English  language.*' 
'^American  yournal  0/  the  Medical  Sciences, 

*•  Dr.  Hammond  is  a  bold  and  strong  writer,  has 
given  much  study  to  his  subject,  and  expresses  him- 
self so  as  to  be  undcrstixxl  by  the  reader,  even  if  the 
latter  does  not  coincide  with  him.  We  like  the  book 
very  much^  and  consider  it  a  valuable  addition  to  the 
literature  of  insanity.     We  have  no  hesitancy  in 


commending  the  book  to  the  medical  professiun,  ai 
it  is  to  them  it  is  specially  addressed/'^ 7)l«^a/^«/i^ 
Gasette, 

"  Dr.  Hammond  has  added  another  great  wor^ 
to  the  long  list  of  valuable  publications  which  have 
placed  him  among  the  foremost  neurologists  and 
alienists  of  America  ;  and  we  predict  for  this  volume 
the  happy  fortune  of  its  predecessors— a  rapid  jour- 
ney through  paying  editions.  We  are  sorry  that  our 
limits  will  not  permit  of  an  analysis  of  this  work^ 
the  best  text-book  on  insanity  that  has  yet  appeared.** 
—  TAe  Polyclinic. 

**  We  are  ready  to  welcome  the  present  volume 
as  the  most  lucid,  comprehensive,  and  practicai  ex- 
position on  in-sanity  that  has  been  issued  in  this 
countrjf  by  an  American  alienist,  and  furthermore, 
it  is  the  most  instructive  and  assimilable  that  can  be 
placed  at  present  in  the  hands  of  the  student  imini- 
tiated  in  psychiair)*.  The  instruction  contained 
within  its  pages  ts  a  food  thoroughly  prepared  for 
mental  digestion  ;  rich  in  the  condiments  that  stima- 
late  the  appetite  for  learning,  and  substantial  in  the 
more  solid  elements  that  cnlai^  and  stfen^ben  the 
intellect."— A>i£;  Orleans  Medical  and  Surgiaak 
yaurnai. 
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THE  POPULAR  SCIENCE  MONTHLY.    Established  by 
E.  L.  YouMANS.     Edited  by  W.  J.  Youmans. 

The  volumes  begin  in  May  and  November  of  each  year.  Subscriptions  may  begin 
at  any  time.    Terms,  $5.00  per  annum ;  single  numbers,  50  cents. 

"The  Popular  Science  Monthly"  and  "New  York  Medical  Journal"  to  one 
address,  $9.00  per  annum  (full  price,  $10.00),  payable  in  advance. 

"The  Popular  Science  Monthly"  will  contain  articles  by  well-known  writers  on  all 
subjects  of  practical  interest  Its  range  of  topics,  which  is  widening  with  the  advance 
of  science,  includes : 

Political  Science  and  Government  Architecture  and  Art  in  connection  with 
Domestic  and  Social  Economy.  Practical  Life. 

Education.  The  Development  of  the  Race. 

Religion  as  it  is  related  to  Science.  Food-products  and  Agriculture. 

Ethics,  based  on  Scientific  Principles.  Natural  History;  Scientific  Exploration. 

Sanitary  Conditions;    Hygiene;    the  Pre-  Discovery;  Experimental  Science, 

vention  of  Disease.  The  Practical  Arts. 
The  Science  of  Living. 

Contains  Illustrated  Articles ;  Portraits ;  Biographical  Sketches. 

It  records  the  advance  made  in  every  branch  of  science. 

It  is  not  technical ;  it  is  intended  for  non-scientific  as  well  as  scientific  readers,  for 
all  persons  of  intelligence. 

No  magazine  in  the  world  contains  papers  of  a  more  instructive  and  at  the  same  time 
of  a  more  interesting  character. 

**  This  is  one  of  the  very  best  periodicals  of  its  to  persons  of  literary  tastes  who  have  neither  time 
kind  published  in  the  world.  Its  corps  of  contribu-  nor  opportunity  to  prosecute  special  scientific  re- 
tors  comprise  many  of  the  ablest  minds  known  to  searches,  but  who,  nevertheless,  wish  to  have  a  cor- 
sdence  and  literature." — American  Medical  your-  rect  understanding  of  what  is  being  done  by  others 
nal  {St.  Louis).  in  the  various  departments  of  science." — Louisiana 

•*  No  scientific  student  can  dispense  with  this  -^              -^ 

monthly,  and  it  is  difficult  to  understand  how  any  '*  A  journal  of  eminent  value  to  the  cause  of 

one  making  literary  pretensions  fails  to  become  a  popular  education  in  this  country." — New  York 

regular  reader  of  this  journal.     *  The  Popular  Sci-  Tribune, 

ence  Monthly '  meets  a  want  of  the  medical  profes-  ,, -,          v    •  •     1  *  wi     v     u  v       *u'       1 

sion  not  otherwise  met.     It  keeps  full  pace  with  the  , , "  Eveiy  physician's  table  should  bear  this  v^u- 

progress  of  the  times  in  all  the  departments  of  sci-  *^'^  monthfy,  which  we  believe  to  be  one  of  the 

entffic  pursuit."- Fir^>fm  Medicdl  Monthly.  °>^^  '"wr'Tlir^  ^J?"*  instructive  of  the  periodicals 

r                     b                                 -f  now  published,  and  one  which  is  destined  to  play  a 

"  Outside  of  medical  journals,  there  is  no  peri-  large  part  in  the  mental  development  of  the  laity  of 

odtcal  published  in  Amenca  as  well  worthy  of  being  this  country." — Canadian  Journal  of  Medical  Set" 

placed  upon  the  phytidan's  library-table  and  regu-  ence. 

fc^T,  "^^  ^^^^u2atl'Sr^  ^"""^  ^''"'*''  "  This  magazine  is  worth  its  weight  in  gold,  for 

ly.    ^St.  Loms  Clinical  Record.  .^  ^^^  in^ucating  the  peopte."-Jkfric«i 

**  *  The  Popular  Science  Monthly  *  is  invaluable     Journal  0/  Education  {St.  Louis). 

DISEASES    OF    THE    OVARIES:    Their    Diagnosis    and 

Treatment.     By  T.  Spencer  Wells,  Fellow  and  Member  of  Council  of 

the  Royal  College  of  Surgeons  of  England,  etc.,  etc. 

I  vol.,  8vo,  478  pp.     Illustrated.     Cloth,  $4.50. 

In  1865  the  author  issued  a  volume  containing  reports  of  one  hundred  and  fourteen  coses  of 
Ovariotomy,  which  was  little  more  than  a  simple  record  of  facts.  The 'book  was  soon  out  of  print, 
and,  though  reoeatedly  asked  for  a  new  edition,  the  author  was  unable  to  do  more  than  prepare 
papers  for  the  feoyal  Medical  and  Chirurgical  Society,  as  series  after  series  of  a  hundred  cases  ac- 
cumulated. On  the  completion  of  five  hundred  cases,  he  embodied  the  results  in  the  present  vol- 
ume, an  entirely  new  work,  for  the  student  and  practitioner,  and  trusts  it  may  prove  acceptable  to 
them  and  useful  to  suffering  women. 
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LECTURES   ON    THE    PRINCIPLES  OF   SURGERY. 

Delivered  at  the  Belle vue  Hospital  Medical  College.     By  the  late  VV.  H» 
Van  Buren,  M.  D.,  LL.  D.     Edited  by  Dr.  Lewis  A.  Stimson. 
t  voL,  8vo,  588  pages.     Cloth,  $4.00  ;  sheep,  $5.00. 


**  The  name  of  the  author  is  enough.  The  book 
wUJ  sell.  The  lectures  are  good.** — Denver  Medi^ 
cai  Times. 

'*  If  we  are  to  Judge  of  the  interesting  style  by 
the  mere  reading  of  these  lectures,  how  ^^reatly  ihey 
must  have  been  appreciated  by  those  who  heard 
t  hem  by  tlie  teacher  \  T  here  is  no tl  1  i  ng  d  ry  or  prosy 
in  thera-  The  illustrations  of  principles  are  drawn 
from  llie  clinical  material  of  the  teacher,  and  are 
always  fresh  and  4  prapos.  Past  and  present  theo- 
ries are  compared  in  such  a  way  as  to  give  the  stu> 
dent  an  interest  in  the  work  of  older  pathologists, 
and  to  point  out  progress  made,  without  wearying 


him  with  a  dry  narration  at  a  time  when  he  is 
able  to  comprehend  the  underlying  philosophy. 

'*Dr.  Van  Buren's  popularity  as  a  teacher  can 
be  easily  understood  from  a  study  of  this  volume. 
Mis  manner  is  vivacious^  bis  matter  select,  and  his 
rnllness  of  knowledge  easily  discernible.  He  writes 
like  one  in  authority,  full  of  enthusiasm,  and  pos» 
sessed  of  the  skill  of* imparting  to  students  just  that 
sort  of  knowledge  best  suited  to  their  future  intek  J 
lectual  growth, 

'*The  work  is  handsomely  printed,  with  full- 
faced,  clear  type  and  lezided  Lines^  and  is  in  every 
way  a  credit  to  the  publishers.'* — North  Car^ina. 
Medical  yourHoI, 


OSTEOTOMY  AND  OSTEOCLASIS,  for  the  Conection  of 

Deformities  of  the  Lower  Limbs.     By  Charles  T.  Poore,  M.  D.,  Surgeoa 
to  St,  Mary's  Free  Hospital  for  Children,  New  York. 

I  vol.,  8vo,  202  pages,  with  50  Illustrations,    Cloth,  $2.50. 


' '  This  handsome  and  carefully-prepared  mono- 
graph treats  of  osteotomy  as  applied  to  the  repair 
of  genu  valgum,  penu  varum,  anchylosis  of  the 
knee-joint,  deformities  of  the  hip-ioint,  and  for 
curves  of  the  tibia.  The  author  has  enjoyed  large 
opportunities  to  study  these  special  malformations 
in  ihc  hospitals  to  which  he  b  attached,  and  de- 
scribes the  operations  from  an  ample  observation. 
Quite  a  number  of  well-engraved  illustrations  add 
to  the  value  of  the  volume^  and  an  exhaustive  bib- 
liography appended  enables  the  reader  to  pursue 
any  topic  in  which  he  may  be  Interested  into  the 
prrtJuctions  of  other  wri\.eTS.'*—Mediica/  and  Sitr- 
fical  Reporter, 

**  Dr.  Poore,  who  has  already  become  so  well 
known  by  journal  articles  on  bone  surgery,  has  con* 


densed  his  experience  in  the  work  before  us.     He 
has  succeeded  in  doing  this  in  a  very  satisfactory 
way.     We  can  not  too  strongly  commend  the  clear^ 
and  succinct  manner  in  which  tlie  author  weigh 
the  indications  for  treatment  tn   (>articular  casi 
In  so  doing  he  shows  a  knowledge  of  his  sub}< 
which  is  as  extensive  as  it  Is  profound,  and  no  on 
at  all  interested  in  orthopedy  can  read  his  condu 
sions  w^ithoul  profit.     His  own  cases,  which   afi 
carefully  reported,  are  valuable  additions  to  the  lit 
eralure  of  the  subject.     These,  together  with  oth 
ers.  which  are  only  summarized,  contain  so  mud 
practical  information  and  sound  surger>  that  thef  ^ 
give  a  special  value  to  the  work,  altogether  inde* 
pendent  of  its  other  excellences.     It  is  a  good  book 
m  every  way,  and  we  congratulate  the  author  «qp»^ 
cordingly,*'-^A/'«f*fa/  R^ord, 
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TREATISE  ON  BRAIN-EXHAUSTION,  with  some 
Preliminary  Considerations  on  Cerebral  Dynamics.  By  J.  Leonard  Corn- 
ing, M.  D.,  formerly  Resident  Assistant  Physician  to  the  Hudson  River 
State  Hospital  for  the  Insane ;  Member  of  the  Medical  Society  of  the 
County  of  New  York,  of  the  Physicians*  Mutual  Aid  Association,  of  the 
New  York  Neurological  Society,  of  the  New  York  Medico-Legal  Society, 
of  the  Society  of  Medical  Jurisprudence  ;  Physician  to  the  New  York  Neu- 
rological Infirmary,  etc. ;  Member  of  the  New  York  Academy  of  Medicine. 

Crown  Svo.    Cloth,  $2.00. 


"  Dr.  Coming's  neat  little  volume  has  the  merit 
of  bein^:  highly  suggestive,  and,  besides,  is  better 
tdaptedto  popular  reading  than  any  other  profes- 
sional work  on  the  subject  that  we  know  of." — Pa- 
cific Medical  and  Surgical  Journal, 

"  This  is  a  capital  little  work  on  the  subject 
upon  which  it  treats,  and  the  author  has  presented, 
from  as  real  a  scientific  stand-point  as  possible,  a 
group  of  symptoms,  the  importance  of  which  is 
sufficiently  evident.  To  fuUy  comprehend  the  ideas 
as  presented  by  the  author,  the  wnole  book  should 
be  read ;  and,  as  it  consists  of  only  234  pages,  the 
task  would  not  be  a  severe  or  tedious  one,  and  the 
information  or  knowledge  obtained  would  be  much 
more  than  equivalent  for  the  time  si>ent  and  cost 
of  book  included.  Literary  men  and  women  would 
do  well  to  procure  it." — Therapeutic  Garnet te. 


**  This  book  belongs  to  a  class  that  is  more  and 
more  demanded  by  the  cultured  intelligence  of  the 
period  in  which  we  live.  Dr.  Commg  may  be 
ranked  with  Hammond,  Beard,  Mitchell,  and 
Crothers,  of  this  country,  and  with  Winslow,  An- 
stie,  Thompson,  and  more  recent  authors  of  Great 
Britain,  in  discussing  the  problems  of  mental  dis- 
turbance, in  a  style  that  makes  it  not  only  profit- 
able but  attractive  reading  for  the  student  of  psy- 
chology. The  author  has  divided  the  work  into 
short  chapters,  under  general  headings,  which  are 
again  subdivided  into  topics,  that  are  paragraphed 
in  a  concise  and  definite  form,  which  at  once  strikes 
the  careful  reader  as  characteristic  of  a  method  that 
is  terse,  concise,  and  readily  apprehended.  There 
are  twentv-eight  of  these  pithy  chapters,  which  no 
student  of  mental  diseases  can  fail  to  read  without 
loss." — American  Psychological  Journal. 


PRACTICAL  MANUAL  OF  DISEASES  OF  WOMEN 
AND  UTERINE  THERAPEUTICS.  For  Students  and  Practitioners. 
By  H.  Macnaughton  Jones,  M.  D.,  F.  R.  C  S.  I.  and  E.,  Examiner  in 
Obstetrics,  Royal  University  of  Ireland  ;  Fellow  of  the  Academy  of  Medi- 
cine in  Ireland  ;  and  of  the  Obstetrical  Society  of  London,  etc. 

I  vol.,  i2mo.    410  pages.     188  Illustrations.     Cloth,  $3.00. 


**  As  a  concise,  well-written,  useful  manual,  we 
consider  this  one  of  the  best  we  have  ever  seen. 
The  author,  in  the  preface,  tells  us  that  '  this  book 
is  simply  intended  as  a  practitioner's  and  student's 
manual.  I  have  endeavored  to  make  it  as  practical 
in  its  teachings  as  possible.'  The  style  is  pleasant 
to  peruse.  Ijne  author  expresses  his  ideas  in  a  clear 
manner,  and  it  is  well  up  with  the  approved  meth- 
ods and  treatment  of  the  day.  It  is  well  illustrated, 
and  due  credit  is  given  to  American  gvnsecologists 
for  work  done.  It  is  a  g:ood  book,  well  print^  in 
good,  large  type,  and  well  bound."— AVtc;  England 
Medical  Monthly. 

'*  It  is  seldom  that  we  see  a  book  so  completely 
fill  its  avowed  mission  as  does  the  one  before  us. 
It  is  practical  from  beginning  to  end,  and  can  not 
fail  to  be  appreciated  by  the  readers  for  whom  it  is 
intended.  1  he  author's  style  is  terse  and  perspicu- 
ous, and  he  has  the  enviable  faculty  of  giving  the 
learner  a  clear  insight  of  his  methods  and  reasons 
for  treatment.  Prepared  for  the  practitioner,  this 
little  work  deals  only  with  his  every-day  wants  in 
ordinary  family  practice.  Every  one  is  compelled 
to  treat  uterine  disease  who  does  any  general  busi- 
ness whatever,  and  should  become  acquainted  with 
the  minor  operations  thereto  pertaining.    The  book 


before  us  covers  this  ground  completely,  and  we 
have  nothing  to  offer  in  the  way  of  criticism." — 
Medical  Record. 

**  The  manual  before  us  is  not  the  work  of  a  spe- 
cialist— using  this  term  in  a  narrow  sense— but  of 
an  author  akeady  favorably  known  to  the  students 
of  current  mediod  literature  by  various  and  com- 
prehensive works  upon  other  branches  of  his  profes- 
sion. Nor  is  it,  on  the  other  hand,  the  work  of  an 
amateur  or  merely  ingenious  collaborateur,  for  Dr. 
Macnaughton  Jones's  gynaecological  experience  in 
connection  vrith  the  Cork  Hospital  for  Women  and 
the  Cork  Maternity  was  such  as  fairly  entitles  him 
to  speak  authoritatively  upon  the  subiects  with 
which  it  deals.  But,  after  so  many  works  by  avowed 
specialists,  we  are  glad  to  welcome  one  upon  Oynat- 
cology  by  an  author  whose  opportunities  and  energy 
have  enabled  him  to  master  the  details  of  so  many 
branches  of  medicine.  We  are  glad  also  to  be  able 
to  state  that  his  work  compares  very  favorably  with 
others  of  the  same  kind,  and  that  it  does  admirably 
fulfill  the  purposes  with  which  it  was  written — •  as 
a  safe  guide  in  practice  to  the  practitioner,  and  an 
assistance  in  the  study  of  this  branch  of  his  profes- 
sion to  the  student.'" — Dublin  Journal 0/ Medical 
Science, 
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A  HAND-BOOK  OF  THE   DISEASES  OF  THE  EYE, 

AND  THEIR  TREATMENT.  By  Henry  R.  Swanzy,  A.M.,  M.  B,, 
F.  R.  C.  S.  L,  Surgeon  to  the  National  Eye  and  Ear  Infirmary ;  Ophthalmic 
Surgeon  to  the  Adelaide  Hospital,  Dublin, 

Crown  8vo,  437  pages.     With  122  Illustrations,  and    Holmgren's  Tests  for  Color-Blmdn 

Cloth,  $3.00. 

"  Though,  amid  the  numerous  recent  text-books 
on  eye-diseases,  there  would  appear  to  be  little 
room  or  necessity  for  another,  we  must  admit  that 
this  one  justifies  its  presence,  by  its  admirable  type, 
illuslrations,  and  dress,  by  its  cli^ar  wording,  and, 
above  all,  by  the  va^i  amount  of  varied  matter 
which  it  embraces  within  the  relatively  small  com- 
pass of  some  four  hundred  pa^es.  The  author  has 
omitted — andt  in  our  opinion,  with  perfect  wis- 
dom— the  usual  collection  of  indifferent,  second- 
hand ophthalmoscopic  plates.  So,  also,  he  has  not 
included  test>typ>es,  though  he  has  appended,  for 
explanatory  purposes ^  the  fan  which  is  often  used 
in  astigmatism.  Admirable  samples  of  the  colored 
wools,  used  in  Holmg^ren's  tests,  are  sewn  into  the 
cover,  and,  by  aJd  of  these,  it  will  be  perfectly  withim 


the  power  of  any  one,  whertver  residing:,  'o  make  a 
proper  collection  of  colored  wools  and  tests  for  the 
qualitative  esitmatlon  of  congenital  color-delects. 
We  have  criticised  the  book  at  leng:tbf  and  drawn  al- 
tention  freely  to  points  on  Vibich  the  author's  opin- 
ion is  at  variance  with  the  cummooly  received  teach  ' 
ing.  This  we  have  done  tiecause  ihcfc  is  muc 
individuality  m  the  work,  which  bears  every  rna 
of  having  been  well  thought  out  and  independent^ 
written.  In  these  lespects  it  presents  a  marked  sti*  ^ 
pcriority  over  the  ordinary  run  of  medical  hand- 
ix>oks  ;  and  we  have  no  hesitation  in  reccmmending 
it  to  students  and  younj;  practitioners  as  one  of  " 
very  best,  if  not  actuaUy  the  best,  work  to  procur 
on  the  subject  of  ophthalmology." — British  Mid 
cat  youmaL 


DISEASES  OF  THE  HEART  AND  THORACIC  AOR- 
TA.  By  BvROM  Br  am  well,  M.  D.,  F.  R.  C  P.  E.,  Lecturer  on  the  Prin- 
ciples and  Practice  of  Medicine  and  on  Medical  Diagnosis  in  the  Extra- 
Academical  School  of  Medicine,  Edinburgh  ;  Pathologist  to  the  Royal 
Infirraary,  Edinburgh,  etc. 

niustrated  with  226  Wood  Engravings  and  6S  Lithograph  Plates,  showing  91  Figures — in  all, 
317  Illustrations.     1  vol,  8vo,  783  pages.     Cloth,  $8.00  ;  sheep,  $9,00. 

we  can  ilot  but  admire  the  indttstry  and  care  which 
he  has  bestowed  upon  the  work.  As  it  stands.,  it 
may  fairly  be  taken  as  representing  the  stand-point 
at  which  we  have  arrived  in  cardiac  physioloj^y  and 
pathology ;  for  the  book  open&  witn  an  extended 
account  of  physiological  facts,  and  especially  the 
advances  made  of  late  years  in  the  neuro^muscular 
mechanism  of  the  heart  and  blood-vessels.  Al- 
though in  this  respect  physiological  research  has 
outstripped  clinical  and  patliological  observation, 
Dr.  I^ramwell  has,  we  think,  done  wisely  in  so  in- 
troducing his  treatise,  and  has  thereby  greatly  acld-^ 
cd  to  its  value.  A  chapter  upon  thcrracic  aneurisn 
terminates  a  work  which,  from  the  scientific  maa^ 
ner  in  which  the  subject  is  treated,  from  the  cartsl 
and  discrimination  exhibited,  and  the  copious  elab- 
orate illustrations  with  which  it  is  adorned,  is  one 
which  will  advance  the  author's  reputation  as  «j 
most  industrious  and  painstaking  clinical  obseirver.**^^ 


♦*  A  careful  Derusal  of  this  work  will  well  repay 
the  student  ana  refresh  the  memory  of  the  busy 
practitioner.  It  is  the  outcome  of  sound  knowledge 
and  solid  work^  and  thus  devoid  of  all  '  padding,* 
which  forms  the  bulk  of  many  monographs  on  this 
and  other  subjects.  The  material  is  treated  with 
due  regard  to  its  proportionate  importance,  and  the 
autJior  has  well  and  wisely  carried  out  his  apparent 
intent  if  )n  of  rather  furnishing  a  groundwork  of 
knowk^d^c  on  which  the  reader  must  build  for  him- 
self by  personal  observation,  than  of  making  excur- 
sions into  the  region  of  dofjma  and  of  fancy  by 
which  his  book  might  have  secured  a  perhaps  more 
rapid  but  certainly  a  more  evanescent  success  than 
that  which  it  will  now  undoubtedly  and  deservedly 
attain," — Medical  Times  attd  Gjsttte* 

»"  In  this  elegant  and  profusely  illustrated  vol- 
ume Dr.  B  ram  well  has  entered  a  field  which  has 
hitherto  been  so  worthily  occupied  by  Hritish  au- 
thors— Hope,  Haydeu,  Walshc,  and  others ;   and 


THE    ESSENTIALS    OF    ANATOMY,    PHYSIOLOGY/ 

AND   HYGIENE.     By  Roger  S.  Tracy,  M.  D.,  Sanitary  Inspector  of 
the  New  York  City  Health  Department, 

i2mo.     Cloth,  I1-25. 

This  work  has  been  prepared  in  response  to  the  demand  for  a  thoroughly  scientific  and  yet 
practical  text-book  for  schools  and  academies,  which  shall  afford  an  accurate  knowledge  of  ihc 
essential  fact*  of  Anatomy  and  Physiologj'.  as  furnishing  a  scientific  basis  for  ihe  study  of 
Hygiene  and  the  Laws  of  Health.  It  also  treat !>,  in  a  rational  manner,  of  the  physiological  effects 
of  alcohol  and  other  narcotics,  fultilling  all  the  requirements  of  recent  legislative  enactments  upoBj 
this  subject. 
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THE   RELATION   OF  ANIMAL  DISEASES  TO  THE 

PUBLIC  HEALTH,  and  their  Prevention  :  With  a  Brief  Historical 
Sketch  of  the  Development  of  Veterinary  Medicine,  from  the  Earliest  Ages 
to  the  Present  Time  ;  and  a  Critical  Historical  Sketch  of  the  Leading 
Schools  of  the  World,  showing  the  Reasons  which  led  to  their  Foundation, 
and  with  the  Endeavor  to  draw  from  their  Experiences  Teachings  of  Value 
toward  the  Establishment  of  a  General  Veterinary  Police-hygienic  System 
and  Veterinary  Schools  in  this  Country.  By  Frank  S.  Billings,  Veteri- 
nary Surgeon,  Graduate  of  the  Royal  Veterinary  Institute,  Berlin  ;  Mem- 
ber of  the  Royal  Veterinary  Association  of  the  Province  of  Brandenburg, 
Prussia ;  Honorary  Member  of  the  Veterinary  Society  of  Montreal,  Can- 
ada, etc.,  etc. 

I  vol,  8vo.    Cloth,  ^.oo. 

"  This  is  the  pfreat  health-book  of  Dr.  Frank  S.  least  should  be  in  the  libraries  of  evenr  national, 
Billings,  and  it  is  not  too  much  to  promise  that  a  State,  city,  town,  and  county  Board  of  Health.  It 
study  and  obaervance  of  its  teachings,  that  are  the  certainly  should  be  studied  bv  every  teacher  and 
results  of  actual  experiments,  will  work  a  revolution  scientific  practitioner  of  vetennary  medicine,  and 
in  the  sanitary  condition  of  the  United  States.  .  .  .  will  be  of  great  service  to  every  great  stock  and  cat- 
It  is  a  work  for  all  stock-breeders  and  for  all  fami-  tie  holder  and  dealer.  ...  It  is  evidently  written 
lies.** — Louisville  Courier- youmal.  by  a  man  of  great  ability  and  high  culture,  well 

««  tk;-  :.  fk«  t.'fU  #»f  «  «r#«.-L.  ;.ie*  »;»•»  fr»  *!««  versed  both  in  the  literature  and  science  as  well  as 

\7^A'    H  t-]!?     }^.  P^      ^»   ^     the  pracUcal  bearings  of  his  subject.    Such  a  man 

world,  and  m  its  paees  subiects  of  vital  interest  are     ^.      f***'-'^*-*"    j  .  *  p.    "*  "" .  "  •'y'  *.   »juv,ii  m  iuom 

treaSd  of  in  a  lucfJlTd  peJs^cuous  manner.  .      ,  Sfhfsf^V^^nH  h.  hf.fhl"^^^^^ 

These  well-established  sUtemSnts  should  arouse  the  ?^  ^J,^^^"  •  .^"^  ^^  *»^  w.  h™  f^^wf^^w 

public  feeUng  to  provide  that  boards  of   health  !?  ^"^^^^    ^n  ul  *  '  ^^^  *1?P«„*°«*  believe  that 

.K^.i^  ^\^^f»\  ,«ri  •ft;/^!,*  :VTi«r  ™J:-r  «r  the  volume  will  be  received  by  all,  except  perhaps 

snould  be  careful  and  emcient  m  the  exercise  of  .  „  fu«-^  o*»^*^;oii«  o**^^i,<^  .«;»k  *\s^  ,^^\*  ,«I^^^J^^ 

their  duties,  as  also  that,  as  individuals,  every  one  J?  ^*^^  especially  attacked,  with  the  great  welcome 

should  la^;  to  Ske  good  ^  of  Wmse  f%i7fam.  \^^''}^,  t"M;°^  *°^  publishers  must  expect  for  it 

Uyi  and  his  domestic^^S?'-A^  y^/ r/i^w.     }^  ^»"  }^V^  ^^^a^^'^EH?^  ^^  ^H  P°P"i\^'  ^'^' 
MMjt  «Mi«  u»  witicauv  «uuixia».      ^w^iA,  ^  wr ^  a  «/«co.     ^^^^  ^^  Hilliard  and  Robertson,  and  on  all  purely 

*'This  handsome  volume  does  great  credit  to  its  scientific  matters  will  lead  them.  Either  of  these 
author  and  publishers.  It  is  an  excellent  book  in  works,  together  with  Dr.  Billings's,  will  make  al- 
most respects,  an  extraordinanr  one  in  many,  and  most  a  complete  library  on  veterinary  medicine." — 
an  objectionable  one  in  very  few.      It  at  the  very  Journal  of  Comparative  Medicine  and  Surgery, 

PYURIA;  OR,  PUS  IN  THE  URINE,  AND  ITS  TREAT- 
MENT :  Comprising  the  Diagnosis  and  Treatment  of  Acute  and  Chronic 
Urethritis,  Prostatitis,  Cystitis,  and  Pyelitis,  with  especial  reference  to  their 
Local  Treatment  By  Dr.  Robert  Ultzmann,  Professor  of  Genito-Uri- 
nary  Diseases  in  the  Vienna  Poliklinik.  Translated,  by  permission,  by  Dr. 
Walter  B.  Platt,  F.  R.  C.  S.  (Eng.),  Baltimore. 

i2mo.    Cloth,  $1.00. 

**  Those  of  the  profession  who  are  familiar  with  but  also  for  the  manv  practical  sue:gestions  regard- 

the  works  of  Professor  Ultzmann  will  welcome  this  ing  treatment  to  be  found  in  the  chapter  on  Thera- 

translation  as  constituting:  a  real  addition  to  our  lit-  peutics.    The  translator  is  to  be  congratulated  upon 

erature  on  genito-unnary  diseases.     It  can  not  be  the  excellent  manner  in  which  his  woik  has  been 

too  highly  recommended  to  the  attention  of  the  pro-  accomplished.    The  book  is  neatly  and  tastefully  got 

fession,  not  only  on  account  of  its  scientific  value,  up  by  the  publishers." — Maryland  Med,  Journal, 

HAND-BOOK   OF  SANITARY  INFORMATION   FOR 

•  HOUSEHOLDERS.  Containing  Facts  and  Suggestions  about  Ventila- 
tion, Drainage,  Care  of  Contagious  Diseases,  Disinfection,  Food,  and 
Water.  With  Appendices  on  Disinfectants  and  Plumbers*  Materials.  By 
Roger  S.  Tracy,  M.  D.,  Sanitary  Inspector  of  the  New  York  City  Health 

Department. 

l6mo.    Cloth,  50  cents. 
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TREATISE  ON  NERVOUS  DISEASES:   Their  Syrnp^ 

toms  and  Treatment.  A  Text-book  for  Students  and  Practitioners.  By  S. 
G.  Webber,  M.  D.,  Clinical  Instructor  in  Nervous  Diseases,  Harvard  Med- 
ical School;  Visiting  Physician  for  Diseases  of  the  Nervous  System  at  the 
Boston  City  Hospital,  etc. 

I  voL,  Svo,  415  pp.     15  Illustratioiis.     Clotb»  $j.oo. 


*'  The  book  before  us  is  especially  adapted  to  the 
needs  of  the  general  practii loner  who,  though  con- 
scious of  his  inability  lo  disicerri  and  trace  the  nerN'- 
ous  element  in  thL*  cases  under 'his  care,  realises 
very  fully  tliat  this  inability  is  not  consonant  with 
the  best  interests  of  his  patient.  Dr.  W^ebber  has 
not  wrillen  for  the  spedalist,  but  for  the  student 
and  general  practitioner,  who  will  find  in  his  book 
what  they  most  need  for  the  diagjiosis  and  treat- 
ment of  the  diseases  a^i  they  present  themselves  in 
general  practice.  His  style  b  very  readable  and 
lu£Jd,  and  is  well  adapted  to  those  who  have  not 
specially  prepared    themselves  to  understand  the 


peculiar  language  of  the  more  advanced  oeutolo^st. 
He  covers  very  completely  the  field  of  nervous  affec- 
tions, and  his  book  will  prove  a  very  valuable  acquK 
sition  to  the  library  of  the  intelligent  physician/*^ 
Medical  Agf. 

**  The  beauty  and  usefulness  of  the  book  are  much 
enhanced  by  the  fact  that  it  is  not  loaded  down  wHth 
references  to  other  authors,  but  proceeds  in  an  ortg- 
inai  manner  to  sum  up  all  that  is  known  to  the 
present  day  upon  the  subjects  treated.  Taking  the 
boxjk  as  a  whole  it  is  one  of  the  best  we  have  sec 
in  many  a  day." — Texas  Qmrier^Record, 


THE  CURABILITY  AND  TREATMENT  OF  PUL- 
MONARY PHTHISIS,  By  S.  Jaccoud,  Professor  of  Medical  Pathology 
to  the  Faculty  of  Paris;  Member  of  the  Academy  of  Medicine;  Physician 
to  the  Lariboisi^re  Hospital,  Paris,  etc.  Translated  and  edited  by  Montagu 
Lubbock,  M.  D.  (London  and  Paris),  M.  R»  C.  P.  (England),  etc. 
Svo,  407  pp.    Cloth,  $4.00. 


•*  This  is  the  work  of  that  most  eminent  French- 
man of  the  EcQie  de  Midtcint  of  Paris,  and  the 
translation  of  Lubbcdc  is  strong  and  masterly  inas- 
much as  it  evidences  the  po»essjon  of  a  large 
vocabulary  knowledge  of  both  the  original  and 
English.  No  man  of  the  present  day,  with  the 
single  exception  perhaps  of  Hughes  Ben  net,  has 
devoted  as  much  careful  study  to  the  climatic  treat- 
ment of  phthisis  as  Dr,  Jaccoud,  and  his  conclusions 
on  this  point  so  far  as  regards  the  Continent  of 
Europe  must  be  deemed  final. " — Cmcinnati  Lancet 
and  Ciinic. 


^'M.  Jaccoud,  the  author  of  the  work^  and  the 
eminent  professor  of  the  /tcdit  de  Midecine^  Pans» 
is  generally  recognized  on  the  Contlaenl  as  one  of 
the  best  authorities  on  pulmooary  phthisis,  so  that 
an  English  edition  of  his  work  will  certainly  be 
very  acceptable  to  those  interested  in  the  stibject. 
.  .  .  M,  Jacctjud'fe  reputation  is  justly  so  great  that 
his  opinions  with  res{>ect  to  the  treatment  will  be 
read  with  general  iiitcpesL**^r<Mctfi'  Qmrier'Rec&rd 
of  Medicine, 


THE    USE    OF   THE    MICROSCOPE    IN    CLINICAL 

AND  PATHOLOGICAL  EXAMINATIONS.    By  Dr,  Carl  Friedlaen- 

DER,  Pri vat- Decent  in  Pathological  Anatomy  in  Berlin.     Translated  from 
the  enlarged  and  improved  second  edition,  by  Henry  C.  Coe,  M.  D.,  etc. 

With  a  Chromo- Lithograph,     i2mo,  195  pp.,  with  copious  Index.     Cloth,  $t.oo. 

are  vcrv  much  oleased  to  see  Dr.  Fried-  "'  Much  cyioH  ha^  bM«  done  in  tibieinp'  t 


**  We  are  very  much  pleased  to  see  Dr.  Fried- 
laender^s  little  book  make  its  appearance  in  English 
dress.  As  we  have  a  practical  acquaintance  of  the 
German  edition  since  its  appearance,  we  can  speak 
of  it  in  terms  of  unqualified  praiiie.  .  ,  .  Every  one 
doing  pathological  work  should  have  this  little  bot>k 
in  his  ptjssession.  ...  The  translator  has  done  his 
work  well,  and  has  certainly  conferred  a  great  favor 
on  all  microsoopists  by  placing  within  the  reach  of 
every  one  the  work  of  so  accomplished  a  teacher  as 
Dr.  Carl  Fried laender." — Canada  Medical  and  Sur- 
gical  Journai, 


Much  good  has  been  dofie  in  plactog  this  little 
work  in  the  hands  of  the  profession.  The  technique 
of  preparing,  cutting,  and  staining  specimens  is 
given  at  some  leiigth ;  also  rules  for  the  examination 
of  the  various  bodily  fluids  in  both  health  and 
disease.  The  use  of  the  microscope  with  high  pow- 
ers, immersion  lenses,  and  other  accessories,  is  ex- 
plained ver>^  dearly.  It  is  a  very  readable  volume, 
even  for  those  not  engaged  in  actual  laboratofy 
work*  A  chromo-lithograph  shows  the  various 
forms  of  disease^germs  which  have  been  definitely 
isolated.** — Medical  Record, 


MEDICAL   ETHICS   AND   ETIQUETTE.     Commentaries 
on  the  National  Code  of  Ethics.     By  Austin  Flint,  M.  D. 
i2mOf  loi  pp.     60  cents. 
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MANUAL  OF  DERMATOLOGY.  By  A.  R.  Robinson, 
M.  B.,  L.  R.  C.  P.  and  S.  (Edinburgh),  Professor  of  Dermatology  at  the 
New  York  Polyclinic ;  Professor  of  Histology  and  Pathological  Anatomy  at 
the  Woman's  Medical  College  of  the  New  York  Infirmary.  Revised  and 
corrected. 

8vo,  647  pp.    Cloth,  $5.00. 


'*  It  includes  so  much  gpod,  original  work,  and 
so  well  illustrates  the  best  practical  teaching;s  of  the 
subject  by  our  most  advanced  men,  that  I  regaxd  it 
as  commanding  at  once  a  place  in  the  very  front 
rank  of  all  authorities.  .  .  .  **— James  Nevins 
Hyde,  M.  D. 

'*  Dr.  Robinson's  experience  has  amply  qualified 
him  for  the  task  which  he  assumed,  and  he  has  given 
us  a  book  which  commends  itself  to  the  considera- 
tion of  the  general  practitioner."— J/if</xf<z/  Age, 


'*  In  general  appearance  it  is  similar  to  Duhring*s 
excellent  book,  more  valuable,  however,  in  that  it 
contains  much  later  views,  and  also  on  account  of 
the  excellence  of  the  anatomical  description  accom- 
panying the  microscopical  appearances  of  the  diseases 
spoken  of." — St.  I^uis  Med.  and  Surg.  Journal, 

*' Altogether  it  is  an  excellent  work,  helpful  to 
every  one  who  consults  its  pages  for  aid  in  the  study 
of  skin-diseases.  No  physican  who  studies  it  will 
regret  the  placing  of  it  in  his  library." — Detroit 
Lancet. 


AN  ATLAS  OF  CLINICAL  MICROSCOPY.     By  Alex- 
ANDER  Peyer,  M.  D.    Translated  and  edited  by  Alfred  C.  Girard,  M.  D., 
Assistant  Surgeon  United  States  Army.      First  American,  from  the  manu- 
script of  the  second  German  edition,  with  Additions. 
90  Plates,  with  105  Illustrations,  Chromo-Lithographs.     Square  8vo.     Cloth,  $6.00. 


"All  who  are  interested  in  clinical  microscopy 
will  be  pleased  with  the  design  and  execution  of  this 
work,  and  will  feel  under  obligation  to  the  author, 
translator,  and  publishers  for  placing  so  valuable  a 
work  in  their  hands.  The  plates  in  which  are  figured 
the  various  urinary  inorganic  deposits  are  especially 
fine,  and  the  various  forms  of  tube-casts,  hyaline, 
waxy,  epithelial,  and  mucous,  are  depicted  with  great 
fidelity  and  accuracy." — Philadelphia  Med.  Times. 

**  To  those  students  and  practitioners  of  medicine 
who  are  interested  in  microscopical  work  and  who 


are  familiar  with  the  use  of  this  valuable  aid  to  hu- 
man vision  in  the  study  of  nature,  the  present  work 
will  prove  of  incalculable  value,  since  it  represents 
the  original  work  of  an  accomplished  microscopist 
and  artist.  Accompanying  the  plates  is  a  text  of 
explanatory  notes  showing  the  various  methods  of 
working  with  the  microscope  and  the  significance  of 
what  is  observed.  The  plates  have  been  most 
handsomely  printed.  We  have  seen  nothing  in  this 
special  line  of  study  that  will  compare  in  point  of 
accuracy  of  detail  and  artistic  effect  with  the  work 
under  consideration.'* — Maryland  Med.  Journal. 


ELEMENTS  OF  MODERN  MEDICINE,  including  Princi- 

pies  of  Pathology  and  Therapeutics,  with  many  Useful  Memoranda  and 
Valuable  Tables  of  Reference.  Accompanied  by  Pocket  Fever  Charts. 
Designed  for  the  Use  of  Students  and  Practitioners  of  Medicine.  By  R. 
French  Stone,  M.  D.,  Professor  of  Materia  Medica  and  Therapeutics  and 
Clinical  Medicine  in  the  Central  College  of  Physicians  and  Surgeons, 
Indianapolis  ;  Physician  to  the  Indiana  Institute  for  the  Blind ;  Consulting 
Physician  to  the  Indianapolis  City  Hospital,  etc.,  etc. 
In  wallet-book  form,  with  pockets  on  each  cover  for  Memoranda,  Temperature  Charts,  etc,  $2.50. 


'•  This  is  an  abridge  work  in  pocket-book  form, 
presentint;  the  more  advanced  views  of  leading: 
authorities,  with  reference  to  general  patholog:v  and 
therapeutics.  Under  general  patholf^  are  included 
articles  on  the  origin,  nature,  and  duration  of  dis- 
ease, chief  s>'mptoms,  dia{;:nosis,  prognosis,  and 
treatment.  In  the  second  part  will  be  found  what  is 
regarded  by  the  author  as  an  improved  classi^cation 
of  drugs,  followed  by  articles  on  their  physiological 
action,  indications,  and  methods  of  use.  The  work 
contains  a  fund  of  useful  information  culled  from 
the  best  authorities  in  the  Old  and  New  World." — 
Canada  Lance^. 


•'  This  is  a  neatly  printed  pocket  manual  of  medi- 
cal practice.  It  is  a  well-condensed  compilation  of 
the  kind,  containing  a  short  sketch  of  nearly  every- 
thing that  is  met  with  in  practice.  The  fever  charts 
are  well  arranged,  and  there  is  a  convenient  thera- 
peutic table  which  will  be  found  valuable.  It  will 
probably  be  more  suitable  for  young  practitioners, 
on  account  of  its  containing  many  practical  points 
that  are  not  to  be  found  elsewhere  in  such  a  con- 
densed manner.  It  will  be  found  a  valuable  aid  to 
those  just  commencing  practice." — Medical  Herald. 
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A  TEXT-BOOK  OF  OPHTHALMOSCOPY.  By  Edward 
G.  LoRiNG,  M.  D.  Part  I.— The  Normal  Eye,  Determination  of  Refrac- 
tion, and  Diseases  of  the  Media. 


Specimen  of  ItU'STSAiiOM. 


8vo.     267  pp.,  Willi  151 
Illustrations,     and       Fotirj 
Chromo- Lithograph  Plates^  I 
cuntainlng      14      Figures* 
Cloth.  $5.cx). 


• '  The  '  TexUbook  of  Oph-  ^ 
thaltnoscopy,*  by  Edward  G.  Z 
Loring,  M.  D.,  is  a  splendid] 
work,  ...  I  am  well  pleased 
VN  ith  it,  and  am  saiisiied  thai 
it  uUl  he  of  service  both  to 
the  teacher  aod  pupiL  .  ,  . 
In  this  book  Dr.  Loring^  has 
j^ven  us  a  substantial  exposi- 
tion of  Nature's  deecb  and 
misdeeds  a£  they  are  found 
written  in  the  eye,  and  the 
key  by  means  of  which  they 
can  b»e  comprehended/*— \V . 
R.  Amicic.  a  M„  M.  D.,  /Vtf- 
JtSii^  cf  Opktkaimchgy  and 
Oi&hgy,  Cincinnati  L4>lUgw 
of  Mtkicine  and  Surgery. 


THE  DISIvASES  OF  SEDENTARY  AND  ADVANCED 

LIFE.     A  Work  for  Medical  and  Lay  Readers.     By  J.  Milner  Foth- 

ERGiLL,  M-  D.,  M.  R.  C-  P.,  Physician  to  the  City  of  London  Hospital  for 

Diseases  of  the  Chest  (Victoria  Park) ;  late  Assistant  Physician  to  the  West 

London  Hospital;    Hon.  M.  D.,  Rush  Medical  Collegei  Chicago;    Foreign 

Associate  Fellow  of  the  Royal  College  of  Physicians  of  Philadelphia. 

Small  SvOj  296  pp.     Cloth,  $2*00. 

**Thls  work  fe  written  to  fill  a  gap  in  medical  fonfotten.  .  ,  .  The  writer  ventures  to  think  that  in  I 

literature.     The  diseases  of  sedentary  and  advanced  this  work  an  aspect  of  disease  is  presented  whidi  111 

life  lie  a  little  outside  and  beyond  the  ordinary  text-  not  always  kepi  sufficiently  in  view  ;  and  which  witti 

books  of  practice  of  physic.    As  such  a  work  is  cer-  make  the  work  acceptable  even  to  some  welUreadl 

lain  to  be  read  by  lay-readcn.  the  fact  has  not  t>een  members  of  the  profession. " — Prcm  the  Pre/act, 

THE  DIAGNOSIS  AND  TREATMENT  OF  DISEASES 

OF  THE  EAR.  By  Oren  D.  Pomeroy,  M,  D.,  Surgeon  to  the  Manhat- 
tan  Eye  and  Ear  Hospital^  etc.  With  One  Hundred  Illustrations.  New 
edition,  revised  and  enlarged. 

8vo.    Cloth,  $3.00. 


**The  several  form*  of  aural  disease  are  dealt 
with  in  a  manner  exceedingly  satisfactory.  The 
work  is  quite  exhaustive  in  its  scope,  and  will  repre- 
sent an  aulharity  on  this  subjsct  which  we  brlicve 
will  be  duly  aopreciited  by  the  profession." — Medi- 
cal /Record, 

*•  The  author  uses  good  lanijvase,  telling  in  a 
dear  and  interesting  manner  what  he  has  to  sa/. 
The  Ixfok  is  a  valuable  one  for  both  students  and 
practitioners." — Lancet  and  Clinic. 


*'  The  author's  opponunity  to  know  of  what  he 
writes  has  b:*en  abundint,  and  the  work  itself  shows 
that  h^  has  m;iiie  ^or>d  use  of  his  information.  We 
have  not  the  sligh?-  '  —  -  for  not  commending  it 
not  only  lo  the  <  t  aUo  to  the  general 

student.'*— r/^Ttj/  tte. 

^*  Well  armn^ed  and  wrll  written,  and  not  too 
scientific* — Boston  Medical  and  Surreal  yomt* 
nai. 
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LOCAL    ANiESTHESIA    IN    GENERAL    MEDICINE 

AND  SURGERY.  Being  the  Practical  Application  of  the  Author's  Re- 
cent Discoveries  in  Local  Anaesthesia.  By  J.  Leonard  Corning,  M.  D., 
author  of  "  Brain  Exhaustion,"  "  Carotid  Compression,"  "  Brain  Rest,"  etc. ; 
Fellow  ot  the  New  York  Academy  of  Medicine,  Member  of  the  Medical 
Society  of  the  County  of  New  York,  of  the  New  York  Neurological 
Society,  etc. 

Small  8vo,  103  pp.     With  14  Illastrations.    Qoth,  $1.25. 


**  The  work  has  in  it  much  that  is  histnictive  and 
attractive,  and  is  quite  an  addition  to  a  field  of  lit- 
erature which  may  be  considered  noveL  .  .  ." — 
College  and  Clinical  Record, 

"  The  book  should  find  its  way  everywhere  on  its 
merits,  and  will  be  welcomed  bv  a  host  of  interested 
readers." — Medical  Press  of  Ivtstem  New  York, 

*'  This  is  a  valuable  little  work  on  cocaine,  giving: 
the  author's  method  of  increasiiig  and  prolonging: 
the  cocaine  anaesthesia.  .  .  .  Some  verv  formidable 
operations,  even  amputation  of  the  thigh,  have  been 
performed  by  this  method  and  with  but  very  little 
pain.  It  is  a  valuable  contribution  to  surgical  prac- 
tice."—/'a^tm  Medical  Monthly, 

"  The  book  merits  careful  consideration,  as  bemg 
an  interesting  and  practical  originid  contribution  to 
surgery. " — Medical  Bulletin, 

••  The  work  is  worthy  the  careful  study  of  every 
practical  surgeon  and  physician.    It  is  clearly  writ- 


ten, with  little  useless  padding.  The  author  stops 
when  he  has  said  what  he  wishes." — American 
Lancet, 

**To  Dr.  Coming  belonjgs  the  honor  of  discov- 
ering that  cocaine  anaesthesia  may  be  almost  indefi- 
nitely prolong^  bv  checking  the  circulation  in  the 
part  anaesthetized  by  means  of  an  El£march*s*band- 
age,  and  any  one  desiring  full  details  should  send  to 
the  Appletons  for  this  neat  little  worlc^—A'axjAr 
City  Medical  Index, 

"It  is  of  interest  to  note  the  author's  statement 
that  the  '  discovery  in  question  was  in  no  respect  the 
result  of  a  chance,  but  was,  on  the  contrary,  the  di- 
rect outgrowth  of  a  chain  of  deductive  reasoning.' 
The  importance  of  this  discovery  needs  no  insisting 
on ;  and  no  surgeon  can  afford  to  be  in  ignorance 
of  its  details,  or  can  fail  to  be  scientifically  the  richer 
for  the  possession  of  the  present  woric" — New  Eng- 
land Medical  Gazette, 


A  TEXT-BOOK  OF  NURSING.     For  the  Use  of  Training- 

Schools,  Families,  and  Private  Students.     Compiled  by  Clara  S.  Weeks* 

Graduate  of  the  New  York  Hospital  Training.  School ;  Superintendent  of 

Training-School  for  Nurses,  Paterson,  New  Jersey. 

I2mo,  396  pp.,  with  13  Illastrations,  Questions  for  Review  and  Examination,  and  Vocabulary  of 

Medical  Terms.     $1.75. 


*•  Thi«;  book,  in  twenty-three  chapters,  communi- 
cates a  lar^  quantity  of  useful  information  in  a 
form  intellieible  to  the  public.  It  is  well  written, 
remarkahlv  correct,  sufficiently  illustrated,  and  hand- 
somely printed.  The  amount  of  technical  skill  and 
knowled^  required  of  nurses  at  the  present  day 
makes  the  use  of  some  text-book  indispensable. 
To  those  who  need  such  a  work  we  can  speak  ap- 


proving;ly  of  its  design,  scope,  and  execution.** — 
Philadelphia  Medical  Times. 

"  This  is  an  admirably  written  book,  and  is  full 
of  thofe  important  practical  details  necessary  for 
the  medical  and  surgical  nurse.  In  fact,  it  could  be 
read  with  profit  by  every  medical  student  and  young 
practitioner." — Medical  Record, 


MEDICINE  OF  THE  FUTURE.  An  Address  prepared  for 
the  Annual  Meeting  of  the  British  Medical  Association  in  1886.  By  Aus- 
tin Flint  (Senior),  M.  D.,  LL.  D. 

With  Steel  Engraving  of  the  author.     i2mo,  37  pages.     Cloth,  $1.00. 

••  The  above,  the  last  of  the  thoughts  of  Austin 
Flint,  should  be  in  the  bands  of  every  admirer  of 
the  great  and  pood  physician,  and  who  that  knows 
anything:  of  American  medicine  did  not  admire 
him  ?  Flint  never  wrote  anything  that  was  not 
pood,  and  the  nice  little  book— x^^irr^fr— before  us 
bears  that  characteristic.  The  manuscript  was  found 
among  his  papers  after  his  death,  and  was  printed 
just  as  it  was  written.  It  contains  a  pood  likeness 
of  the  author— an  elegant  steel  engraving— and 
nothing  has  been  left  undone  by  the  well-known 
publishers  to  make  it  attractive."— J//xmji//i  Val^ 
ley  Medical  Monthly. 


"The  late  Dr.  Austin  Flint  was  appointed  to 
read  the  address  on  Medicine  before  the  British 
Medical  Association  at  its  meeting  in  1886.  The 
manuscript  was  found  among  his  papers,  and  the 
address  is  printed  preciselv  as  it  was  written.  The 
proof  was  reverently  read  by  his  son,  who  dedicates 
this,  his  father's  last  Ifterary  work,  to  the  profession 
he  so  loved  and  admired.  The  book  contains  an 
excellent  portrait  of  the  late  Dr.  Flint.  It  is  a  most 
fitting  memopal  volume.  The  address  itself  is  a 
most  scholarly  work,  and  should  be  added  to  the 
library  of  every  practitioner." — Buffalo  Medical  and 
Surgical  Journal. 


^8  ^-  APPLETON  &>  CO:S  MEDICAL  WORfCS, 

A  TEXT-BOOK  OF  MEDICINE.  For  Students  and  Prac- 
titioners. By  Adolph  Strumfell,  formerly  Professor  and  Director  of  the 
Medical  Polyclinic  at  the  University  of  Leipsic-  Translated,  by  permission, 
from  the  second  and  third  German  editions  by  Herman  F.  Vickkry,  A.  B,, 
M.  D.,  Assistant  in  Clinical  Medicine,  Harvard  Medical  School,  etc.,  and 
Philip  Coombs  Knapp,  Physician  to  Out-patients  with  Diseases  of  the 
Nervous  System,  Boston  City  Hospital,  etc.  With  Editorial  Notes  by 
Frederick  C.  Shattuck,  A.  M.,  M,  D.,  Instructor  in  the  Theory  and  Prac- 
tice of  Physic,  Harvard  Medical  School,  etc. 

With  tit  Illustrations.    Svo,  981  pages.     Cloth,  $6.c»;  sHecp,  %'j,oo. 

**  The  above  work,  which  is  new  to  most  of  our 
readers,  has  achieved  great  success  in  Germany^  hav- 
injf  reached  the  third  edition  in  a  very  short  timeL 
It  has  been  introduced  as  the  text-book  on  medicine 
m  the  Harvard  Medical  School.  The  work  is  espe*  1 
dally  commendabJe  in  its  treatment  of  nervous  dii-  j 
easts,  which  are  dealt  with  fully,  concisely, 
clearly.  The  patholo^  of  disease,  as  might  be  ^- 
pected  from  so  eminent  a  teacher,  has  received  due 
and  careful  attention,  and  this  is  another  strong 
feature  of  the  work.  The  author  pves  in  this  work 
the  results  of  the  expenence  and  observation  of  more 
than  six  years'  active  work  in  the  medical  clinic  in 
Leipsic,  \Vc  heartily  commend  the  work  to  the  atr- 
tention  of  our  readers/* — Canada  Lancet, 

"  In  spite  of  the  fact  that  within  the  last  year  or 
two  30  many  excellent  works  on  ji^neral  medicine 
have  appeared,  we  think  there  will  be  fouiMj  a  place 
for  the  volume  before  us.  The  best  part  of  the  book 
is  the  section  devoted  to  nervous  diseases  The  va- 
rious affections  01  the:  nervous  system  are  discussed 
in  a  very  concise  way>  together  with  the  most  recent 
discoveries  in  neuro- pathology.  The  translators 
hav<i  done  their  work  well,  and  the  editor  has  made 
a  number  of  important  additions.  Altogether  the 
book  is  a  very  valuable  contribution  and  corvpilatioti, 
and  will  be  useful  both  to  teacher  and  practitioner.'* 
— Maryland  Medicai  yournaL 


Fig*  79.^-Spuin  o; 
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thology  i^iven  by  the  author  in  almost  all  diseases. 


"The  work  before  us  is  one  that  is  pecuHarly  al-  j 
tractive  to  the  student  ai  medicine,  not  only  on  acv 
count  of  the  well  delineated  German  plans  of  treat- 
ment, but  especially  for  the  clear  and  accurate  pa- 
Dr>  Shattuck  states  that  he  is  acquainted  with  lui 


work  which  ireat-s  of  the  diseases  of  the  nervous  system,  in  which  our  knowledge  has  advanced  so  rapidly 
of  late  years,  so  fuUy,  concisely,  and  clearly.  The  style  is  clear  for  a  dfrmao  work,  which  as  a  rule  do 
not  make  models  in  this  partlcjlar.    Th*  ir.  '  ive  overcom*  the  difficulties  of  the  orij^nal  so  suo-  j 

cessfutlv  that  they  have  made  it  a  decidedly  xl-book.     The  book  u  extremely  popular  in  G«r-| 

many,  having  r^achid  the  third  eJition  in  a        . i  v?l/  short  time,  and  we  do  not  doubt  but  tbait  itsi 

popularity  in  Amrrica  will  soon  ba  assured.'"— .*//^j<Ji^*>>//  I'alUy  Afedtcal  Monthly, 


*'  I  like  it  so  well  that  I  have  commended  it  to 
my  class  and  have  called  special  attention  to  its 
three  hundred  pages  d^^rvoted  to  the  nervous  system, 
bringing  to  date  all  the  knowledge  which  the  last  ten 
years,  more  than  many  centuries  past,  have  brought 
to  the  use  of  the  profession/* — H.  D.  Didama, 
M.  P.,  Professor  0/  the  PrmcipUs  and  Practice  of 
Medicine  and  Clinical  Medicine^  ColUg§  of  Medi- 
cint^  Syracuse  University. 

**I  consider  it  the  best  text-book  of  medicine 
with  which  I  am  acquainted.  The  part  on  nervous 
diseases  is  so  excellent  that  I  shall  recommend  the 
whole  book  to  my  class  as  a  texl-bonk  on  diseases  of 
the  nervous  system,"— He ?fRY  Hun.  M.  D..  LL,  D., 
Dean  of  the  Faculty  and  I:  merit  as  Professor  of  the 
fnsfitutes  of  Medicine,  Altfany  Medical  College. 

'*  Of  the  German  text-books  of  practice  that 
have  been  translated  into  English,  Profesor  StrOm* 
pell*s  will  probably  take  the  highst  r&nic     Between 


its  covers  will   be  found  a  very  complete  and  sy*> 
tematic  description  of  all  the  diseases  which  are 
classed  under  the  head  of  internal  medicine,     Un> 
like  most  of  the  larger  works  00  practice,  we  do  not 
find  the  preliminary  discourse  on  general  paiholo^-l 
ca!  subjects,  an  omission  which  is  very  much  to  btt  ] 
commended,  because  there  are  at  ths  present  day  so  1 
many  special   treatises  upon  pathological  subjects  | 
that  there  is  no  lons^r  a  necessity  for  such  a  section  ■ 
in  a  work  of  this  kind.    While  it  is  impossible  to 
refer  to  all  these  parttcularlv,  wi?  may  call  attention 
to  the  chapter  on  T  *  "  i       „'  espedatlj 

valuable,  not  only  *nced  views  J 

in  regard  to  the  p  '  ^_  1  *»,  but  also' 

because  of  the  careful  description  of  iis  clinical  his- 
tory and  01'  its  treatment*     Taken  altogether,  it  is 
one  of  the  most  valuable  works  on  practice  that  w«  . 
have,  and   one  which   every   studious  prabCtitioner| 
should  have  upon  his  shelves.^ ^ — New  York  Medicaid 
yottrnal. 
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Fig.  390.— Making  Plantar  Flap. 


A  MANUAL  OF  OPERATIVE  SURGERY.  By  Joseph 
D.  Bryant,  M.  D.,  Professor  of  Anatomy  and  Clinical  Surgery,  and  Asso- 
ciate Professor  of  Orthopaedic  Surgery  in  Bellevue  Hospital  Medical  Col- 
lege ;  Visiting  Surgeon  to  Bellevue  Hospital,  and  Consulting  Surgeon  to  the 
New  York  Lunatic  Asylum  and  the  Out-Door  Department  of  Bellevue 
Hospital. 

New  edition,  revised  and  enlarged.    With   793   Illustrations.     8vo,  530  pages.     Qoth, 

$5.00;  sheep,  $6.00. 

"The  apology  given  by  the  author,  if  any  apology  be 
needed  for  the  appearance  of  so  excellent  a  woric,  is  the  fre- 
quent request  on  the  part  of  those  whom  it  has  been  his  pleas- 
ure to  instruct  in  operative  surgery  during  ihe  past  few  years, 
to  make  a  book  based  somewhat  on  the  plan  he  has  employed 
in  teaching  this  subject.  We  have  perused  this  work  with 
great  pleasure  and  profit,  and  can  bear  testimony  to  the  care 
and  attention  which  the  author  has  bestowed  to  make  the  book 
a  benefit  to  his  co-workers  in  the  same  field.  The  cuts  are 
numerous  and  well  executed,  and  the  text  clear  and  well 
printed.  The  various  operative  procedures  are  clearly  and 
concisely  described,  and  the  results  of  the  various  operations 
briefly  stated.  The  chapter  on  the  treatment  of  operation 
wounds  is  worthy  of  special  mention.  The  work  is  fully 
abreast  of  the  most  recent  advances  in  operative  surgery,  and 
we  have  much  pleasure  in  recommending  it  to  our  readers." — 
Canada  Lancet. 

**  The  author  of  this  work  seems  to  know  how  in  the  brief- 
est space  to  give  the  student  of  surgery  the  aid  necessary  *  to 
acquire  established  facts,'  and  this  is  an  important  point  in  a 
book  of  this  kind.  The  text  is  most  fully  illustrated,  and 
brings  the  subject  to  date,  and  it  will  be  found  useful  in  the 
sphere  to  which  it  belongs.'* — New  York  Medical  Times. 

*•  The  work  of  Professor  Bryant,  while  it  does  not  pretend  to  be  a  rival  of  the  larger  works  or  ^sterns 
of  surgery,  is  of  its  kind  a  most  excellent  book.  Theories  and  doubtful  methods  of  operating  find  no 
place  in  the  volume.  It  is  rather  to  known  facts  and  established  procedures  that  the  author  h^  limited 
his  labor,  and  the  judgment  which  he  evinces  in  selecting  from  the  various  methods  of  operating  in  sur- 
gical cases  is  generally  of  a  most  reliable  nature ;  indeed,  it  is  this  selecting  from  many  proposed  proced- 
ures, which  are  usually  met  with  in  the  larger  surjrical  works,  that  much  of  the  value  of  Professor  Bry- 
ant's book  depends,  and  in  this  respect  the  book  becomes  a  very  able  aid  to  the  inexperienced  surgeon. 

The  scope  of  the  work 
y  includes  most  of   the 

A  surgical  diseases,  and 

the  operative  meth- 
ods for  their  relief  or 
cure.  The  operations 
peculiar  to  the  female 
sex,  and  the  surgery  of 
the  eye  and  ear,  are 
not  considered  in  the 
book. ...  In  conclud- 
ing our  notice  of  Pro- 
fessor Bryant's  book,  it 
remains  for  us  to  con- 
gratulate him  upon  the 
successful  result  of  his 
labor.  He  has  written 
a  very  able  and  reliable 
surgical  work,  one  that 
may  be  consulted  both 
by  surgeon  and  stu- 
dent, and  one  that  con- 
tains ail  the  more  im- 
portant advances  of 
modem  surgery.  The 
publishers'  part  of  the 
work  has  been  well 
done,  and  the  numer- 
ous illustrations  add 
much  to  the  value  of 
the  volume."— TVk^tf- 
peutic  Gazette. 
Fig.  459.— Compressing  Femoral  Vessels. 
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PRACTICAL  SUGGESTIONS  RESPECTING  THE 
VARIETIES  OF  ELECTRIC  CURRENTS  AND  THE  USES  OF 
ELECTRICITY  IN  MEDICINE,  with  Hints  relating  to  the  Selection 
and  Care  of  Electrical  Apparatus,  By  Ambrose  L.  Ranney,  M,  D.,  Pro- 
fessor of  Nervous  Diseases  in  the  Medical  Department  of  the  University  of 
Vermont ;  Professor  of  the  Anatomy  and  Physiology  of  the  Nervous  System 
in  the  New  York  Post-Graduate  Medical  School  and  Hospital,  etc. 

i6mo,  147  PP'>  ^^^  44  Ultistrations  and  14  Plates,  as  an  aid  in  treating  morbid  states  of  the  motor 

or  sensory  apparatus.     $].oo. 


**  It  is  cleaj-ly  written,  quite  practical  in  tone,  and 
offers  an  excellent  epitome  of  the  subject."— iir«/r- 
cat  and  Surgicai  /Reporter. 

**This  is  a  useful  little  work,  presenting  in  a 
brief  way  the  subject  of  electro-technique  and  elec- 
tro-therapeutics, '^—Medical  Record, 

*'  It  will  be  found  a  valuable  g^uide  to  those  wish- 
ing; to  make  use  of  this  powerful  remedial  agent  in 
Ihe  treatment  of  diseases/'— 7Vjr«j  Courier-Mtcord 
0/  Medicine. 

'*  We  recommend  this  little  volume  to  all  who 
are  desirous  of  studying  the  simplified  elements.  It 
is  well  illustrated  and  not  too  voluminous/'— A'or//r 
Carolina  Medical  Journal. 

"  For  the  practitioner  who  wants  brief  directions 
where  to  put  the  positive  pole  and  where  the  neg;a- 
tive,  this  is  the  \io\^,**— Medical  Pre4S  0/  Western 
New  York. 

**  The  author  is  well  known  as  an  accomplished 
writer  and  teacher  on  nervous  diseases,  and  his  con- 
sciousness that  much  depends,  in  neurolo|:y,  upon  a 
knowledge  of  electricity  and  electrical  appHiances, 
induced  him  to  prepare  this  very  useful  and  timelj 
work,  for  the  benent  of  those  desiring  to  use  this 
a^ent  scientifically  and  sucoessfully  in  their  general 
practice," — Cf>liege  and  Clinical  Record, 


'^Mt  presents  in  a  condensed  form  the  latest  views 
on  thi-s  irnix>rtant  subject.     Numerous  iUui^trationA  , 
increase  the  clearness  with  which  the  author  present) 
his  subject.     In  this  form  it  is  more  conveniently 
reached  ;  ,  ,  .  it  is  also  more  conveniently  arrang 
than  it  iii  likely  to  be  in  a  large  work  on  the  dia_ 
nosis  and  treatment  of  nervous  diseases/' — Ameri^ 
can  Lancet, 

**•  The  author*s  viei^'s  are  dear-cut^  sharply  de-  ^ 
fined,  and  pr»ented   in  a  concise  manner^  whicT 
gives  the  reader  a  crystal-like  conception  of  what  ] 
attempts  to  coavey."— Medical  Herald. 

"  .  .  ,  This  little  work  Is  the  outgrowth  of  an  ex- 
tensive practice  and  of  lectures  delivered  on  the  ap^j 
plication  of  electricity  to  disease.     It  is  full  of  prac^ 
tical  hints  and  many  valuable  cuts,  illustrating  thmt 
author's  methods." — Denver  Medical  Timej. 

**The  title  of  this  work  sufficiently  indicates  Its 
sphere,  and  ail  we  need  say  of  it  is  that  It  is  emi- 
nently practical  and  worthy  of  a  place  as  a  text-book 
in  this  important  and  rapidly  developing^  department 
of  medical  practice.  "—A>w'  VarJb  Medical  Times. 

'*  The  hints  contained  in  it  embrace  the  later 
ideas  upon  the  best  electrical  apparatus,  and  the  mixle 
of  its  application  in  different  diseased  conditions/'— 
Haknenuxnnian . 


GYNECOLOGICAL    TRANSACTIONS,  VOLS. 

VII,  will  be  supplied  at  $5.00  a  volume. 


I    TO 


GYNECOLOGICAL  TRANSACTIONS,  VOL.  VI IL    Be- 

ing  the  Proceedings  of  the  Eighth  Annual  Meeting  of  the  American  Gynse* 
cological  Society,  held  in  Philadelphia,  September  18,  19,  and  20,  1883. 
8vo,    276  pp.    Cloth,  $5.00. 

GYNECOLOGICAL  TRANSACTIONS,  VOL.  IX.     Be- 
ing the  Proceedings  of  the  Ninth  Annual  Meeting  of  the  American  Gynaeco- 
logical Society,  held  in  Chicago,  September  30,  and  October  i  and  2,  1884. 
8vo.    408  pp.    Cloth,  $5,00, 


GYNAECOLOGICAL  TRANSACTIONS.  VOL.  X.    Being 

the  Proceedings  of  the  Tenth  Annual  Meeting  of  the  American  Gynjeco- 

logical  Society,  held  in  Washington^  D.  C,  September  22,  23,  and  24,  1885. 

8vo.    357  pp»    Clothe  $5,00- 
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GYN/ECOLOGICAL  TRANSACTIONS,  VOL.  XL     Be- 
ing the  Proceedings  of  the  Eleventh  Annual  Meeting  of  the  American  Gynae- 
cological  Society,  held  in  Baltimore,  September  21,  22,  and  23,  1886, 
8vo.    516  pp.    Cloth,  $5,00. 

rYN.ECOLOGICAL  TRANSACTIONS,  VOL.  XII.     Be- 

ing  the  Proceedings  of  the  Twelfth  Annual  Meeting  of  the  American  Gynae- 
cological Society^  held  in  New  York  City,  September  13,  14,  and  15,  1887. 
8vo^    512  pp.    Cloth,  $5.00. 


A  TEXT-BOOK  ON  SURGERY:  General,  Opekative, 
AND  Mechanical,  By  John  A.  Wveth,  M,  D.»  Professor  of  General 
and  Genito- Urinary  Surgery  in  the  New  York  Polyclinic  ;  Visiting  Sur- 
geon to  Mount  Sinai  Hospital,  etc. 

Sold  by  Subscription. 


" '  The  above  work  we  have  read, 
and  will  judge  it  from  its  title,  vu., 
*A  Text -Book  on  Surgery/  or,  in 
other  words,  a  book  to  teach  from  ; 
but  may  we  not  also  look  at  it  from 
the  oppi^site  side,  and  consider  it  a 
book  to  learn  from  ?  In  answer  to 
the  Jirsl  of  these  definitions  we  do 
not  hesitate  to  say  that  Professor 
Wyeth  has  given  us  a  most  exoel^ 
lent  book-  one  in  which  will  be  found 
all  the  advances  of  modem  surgery 
and  all  thai  is  good  of  older  sur- 
gery, .  *  .  The  more  important 
question  to  answer  is  in  regard  to 
the  value  of  the  book  as  a  means  of 
obtaining  surgical  knowledge^  and, 
indeed^  it  is  in  this  sense  Uiat  the 
title  of  the  work  must  be  mainly 
considered.  Again  do  we  answer  in 
the  affirmative,  and  believe  of  the 
many  text-books  which  are  tn  use 
by  the  medical  colleges,  none  arc 
better,  few  are  equals  and  many  are 
inferior ;  therefore  we  hope  to  see 
this  work  of  Professor  Wyeth 's 
recommended  to  those  beginning 
the  study  of  surgery,  since  we  think 
a  good  foundation  to  build  up  a 
knowledge  of  the  science  and  art  of 
surgery  may  be  found  in  it.  Pro* 
fessor  Wyeth  is  certainly  to  be  con- 
gratulated for  the  manner  in  which 
his  publbhers  have  done  their  part. 
The  illustrations,  the  paper,  the 
typography,  and  in  fact  the  entire 
work  may  be  regarded  as  a  beautiful 
specimen  of  the  art  of  book-mak- 
ing."—T'Atfrdr/tfiii/iir  Ga%ette. 

"  .  .  ,  In  order  to  produce  such 
a  work,  and  make  it  satisfactory  to 
those  who  desire  a  guide  thoroughly 
up  to  the  times  in  this  department 
of  medicine,  it  has  evidentty  been 
the  author's  aim  to  discard  all  that  has  become  ob- 
solete and  that  is  not  essential,  and  to  present  the 
whole  science  and  art  of  surgery  as  it  is  taught 
and  practiced  at  the  present  day  by  tlie  ablest 


SrxaiiEM  or  Illusthatiow. 
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authorities  at  home  and  abniad,  in  a  very  compact 
and  yet  thoroughly  intelligible  form.  That  he  has 
succeeded  in  this  de-sign  the  pages  of  this  l^eautiful 
volume   seem    clearly    to    indicate.       The    work 
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tbTOtif;:hout  U  stamped  with  his  onm  individuatllty, 
and  if  at  times  be  seems  a  little  dog-matic  m  his 
iDAnner,  it  t&  because  he  is  speaking  of  matters 
with  which  he  is  ihorou^hly  conversant,  and  ad- 
vocating methods  the  efficacy  of  which  he  has 
thoroughly  tested  in  a  practical  way.  That  there 
are  honest  differences  of  opinion  on  many  of  the 
points  of  pathology  and  practice  upon  which  he 
treats,  of  course,  gtws  without  sayinp.  but  through- 
out the  work  the  teaching  is  unquestionably  sound 
and  oonscientiousj  and  if  in  any  pven  condition 
only  one  plan  of  treiitmeni  may  be  advised,  it  is 
because  the  author  honestly  believes  it  to  b<e  the 
b«t.  Three  years  of  unremhting  toil  have  been 
given  to  the  preparation  of  the  book^  to  say 
nothing  of  the  many  additional  years  of  study, 
tcachiog,  and  practical  work  of  which  it  is  the 
iTMiV—Gatiiarti*!  Medical  Journai. 

*• .  .  .  The  writing  of  a  surgery  that  shaB  be 
new  in  its  matter  is  simply  impossible.  But  the 
author  has  evidently  grasped  and  digested  the  facts 
of  surgety  as  known  to-day,  and,  after  finding 
those  which  best  suited  hb  practical  work,  pre- 
sented them  to  his  professional  fellow- workers. 
Others  would  write  a  different  work  from  the  same 
data^  because  no  two  minds  rtin  in  the  same  direc- 
tion.  But  in  this  sense  this  work  is  original.  In 
this  sense  it  will  be  found  interesting  and  instruc- 
tive to  all  students  and  professional  men.  The 
chapter  on  the  ligation  of  arteries  is  worth  the 
price  of  the  entire  work.  The  illustrations  are 
superbf  ihowtng  in  color  the  parts  to  be  met  with 
to  the  reaching  of  arteries  in  every  portion  of  the 
body*  Quite  as  important  and  as  beautifully  illus- 
tnJbed  is  the  chapter  on  amputations.  He  who« 
pogantnini:  proper  anatomical  knowledge*  could 
not  by  the  directions  here  given  perform  these 
amputations,  shoutd  be  convinced  that  be  had 
a&iiaed  his  cadling." — American  Lancet* 


*'  A  modern  text-book  on  surgery,  provided  it 
professes  to  give  within  a  moderate  compass  a 
satisfactory  account  of  the  general  range  of  sur- 
gery, is  valuable  to  the  general  practitioner  tn 
proponlon  as  it  makes  details  plain  and  dearly 
presents  their  underlying  principles.  Gauging  it 
on  this  basis,  w^e  are  cunvinced  that  Dr.  VV  yeth*s 
work  will  speedily  take  a  prominent  place  in  the 
esteem  of  the  profession.  ...  In  particular,  we 
would  commend  the  care  that  has  been  betowed 
on  the  Important  matters  of  surgical  dressings, 
bandaging,  and  the  like.  These  details  lie  at  uie 
very  foundation  o(  suo^ss  in  surgical  practice,  and 
too  much  attention  can  scarcely  be  given  to  them 
in  a  text-book.  The  appearance  of  the  book  is  in 
the  highest  degree  creditable  to  the  publishers ; 
the  print  ii  clear,  the  paper  is  excellent,  and  the 
illustrations^  which  are  numerous  and  nearly  all 
original,  are  among  the  best  of  their  class  that  we 
have  seen.  They  include  ouite  a  number  printed 
in  colors/' — A'ew  VorkUtaical  JoitmaL 

"  As  a  specimen  of  typographical  and  book- 
-v*  work  it  is  unexceptionable.  It  is  one  of  the 
iimest  works  ever  published,  is  profusely  and 
Hrdiiiifully  illustrated,  having  771  engravings,  of 
which  about  fifty  are  colored,  and  b  printed  in 
large  type  on  heavy  paper.  Nor,  when  we  have 
praised  the  mechanical  work  of  the  book,  bare  we 
^nven  all  of  its  merits,  ft  is  undoubtediv  a  useful 
and  convenient  manual  of  surgery.  The  author 
lias  kept  himself  thoroughly  posted  in  the  present 
literature  of  his  profession,  and  has  incorporated 
in  bis  book  nearly  all  of  the  latest  achievements 
and  notions  in  surgery.  We  believe  the  book  to 
be  the  production  of  a  good  and  conscientious 
sufi^Qf  and  can  safely  recommend  it  to  the  pnv 
fession," — Medicai  Heralds 

*^  The  perusal  of  this  book  by  any  one  interested 
in  Eurger)'  can  not  fail  to  afford  both  pleasure  and 
instruction.  ,  *  .  The  illustrations  constitute  a 
special  feature,  for  they  are  used  unsparingly 
Oiroughout  the  entire  work,  and  arc  of  a  very 
superior  order  of  merit,  .  .  .  The  book  is  welt 
written,  fully  up  with  the  present  status  of  sur- 
gerv,  is  a  credit  alike  to  author  and  pubUsbers, 
ana  would  be  very  cheap  at  double  the  price 
charged  for  it.  It  affords  us  pleasure  to  look  over 
a  b(X)k  which  we  can  thus  praise  without  stint, 
knowing  that  we  can  say  nothing  in  excess  of  its 
merits.^ — Southern  Clinic, 

",  .  Its  readers  will  have  nothing  derived 
from  its  study  to  unlearn.  Its  teachings  are  the 
acxepted  ones  of  to-day^  while  within  its  neariy 
800  pages  we  have  found  but  very  few  superfluous 
sentences,  ...  In  conclusion,  we  may  say  that  the 
book  is  characteruced  throughout  by  good,  practical 
common'sense,  wide  research,  and  excellent  judg* 
ment  as  to  what  should  be  left  out  of,  as  well  as 
what  should  enter  into,  a  work  of  this  scope." — 
Canada  Lancet, 

'*  Dr.  Wyeth  has  prepared  a  very  excellent  trcA'- 
tisc  on  general,  mechanical,  and  operative  surgery, 
.  .  ,  The  work  ,  ,  *  is  distinctly  what  it  claims  to 
be,  'A  Text-Book  on  General,  Operative,  and 
Mechanical  Surgery,'  carefully  prepared  and  fully 
up  to  all  the  modem  improvements  in  surgery,'* — 
New  York  Medical  Times. 

" ,  .  .  The  eminent  surgeon.  Dr.  Wyeth,  has 
here  presented  a  most  valuable  production.  Thotigli 
styled  a  text-book,  it  is  admirably  adapted  as  a  work 
of  reference  for  the  surgeon  and  practitioner,  giv- 
tngf  as  it  does,  the  recent  and  advanced  vi*?w5  upon  1 
all  surgical  procedures^  ...  In  short,  the  entire r^ 
bcx»k  evinces  the  work  of  a  master-mind  and  a  suf 
nor  operator  in  surgery.** — Southern  Med.  Recm^S 
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OPERATIVE    SURGERY   ON   THE  CADAVER.      By 

Jasper  Jewett  Garmany,  A.  M.,  M.  D.,  F.  R.  C.  S.,  Attending  Surgeon 
to  Out-door  Poor  Dispensary  of  Bellevue  Hospital ;  Visiting  Surgeon  to 
Ninety-ninth  Street  Reception  Hospital;  Member  of  the  British  Medical 
Association,  etc. 

Small  8vo.     150  pp.    With  Two  Colored  Diagrams  showing  the  Collateral  Grculation  after 
Ligatures  of  Arteries  of  Arm,  Abdomen,  and  Lower  Extremity.     Cloth,  $2.oa 


**  To  the  more  advanced  student  who  has  the 
opportunity  of  operating  on  the  cadaver,  this  work 
will  be  of  KiPeat  value,  since  it  reduces  to  a  system 
the  procedure  of  ordinary  surgical  operations.  To 
the  practitioner  it  will  be  valuable  as  a  work  of 
easy  reference  as  to  the  best  methods  of  operation. 
In  fact,  it  should  have  been  named  a  manual  of 
surgical  operations.  The  instructions  given  are 
full,  yet  very  plain  and  concise,  and  we  predict  for 
it  a  wide  drxnilation." — Peoria  Medical  Monthly. 

''.  .  .  In  its  necessarily  limited  scope  it  is 
above  criticism.  .  .  .  Indeed,  there  is  nothing 
superfluous  in  the  book,  and  the  busy  practitioner, 
who  must  do  more  or  less  surgery,  would  find  it  a 
very  useful  manual  for  frequent  rnerenoe." — Med' 
teal  Press  0/  Western  New  York, 

"...  For  the  student  in  the  dead-room,  or  the 
tmsy  operating  surgeon,  this  book  is  one  of  the 
most  reliable  and  handy  works  we  have  ever  seen." 
— Southern  Clinic, 

"  Post-mortem  surgery  must  always  precede  in- 
telligent and  successful  surgery.  No  more  accept- 
able or  useful  guide  to  this  form  of  experimental 


teaching  could  be  desired  than  the  admirable  little 
work  before  us.  Not  a  superfluous  phrase  and 
not  &n  obscure  phrase  mars  its  pages.  .  .  .*'— Ahv 
England  Medical  Garnet te, 

** .  .  .  No  space  is  wasted,  either  by  words  or 
by  illustrations,  a  fact  which  we  believe  greaUy  en- 
hances its  value  for  the  earnest  tUndienV^ ^Pacific 
Medical  and  Surgical  Journal  and  Western  Lxm^ 
cet, 

"...  All  the  ordinary  operations  practiced  in 
surgery  are  described  in  a  concise  and  clear  man- 
ner, many  of  the  later  procedures  finding  a  place 
which  are  not  incorporated  in  larger  works  on  sur- 
gery already  before  the  i>ublic.  The  book  win 
prove  to  be  a  great  convenience  to  the  practitioner 
m  active  work,  as  well  as  to  the  student  in  the  dis- 
secting-room.'*—  Weekly  Medical  Review, 

"This  book  contains  a  simple  and  dear  state- 
ment of  the  way  in  which  a  lar^ge  number  of  operar 
tions  are  to  be  performed  on  the  cadaver,  and  can 
be  recommended  to  the  use  of  teachers  and  students 
in  this  important  part  of  a  surgical  education.  .  .  .** 
— Medical  and  Surgical  Reporter, 


FUNCTIONAL  NERVOUS  DISEASES:  Their  Causes 
AND  THEIR  TREATMENT.  Memoir  for  the  Concourse  of  1 881-1883, 
Academic  Royale  de  M^decine  de  Belgique.  With  a  Supplement,  on  the 
Anomalies  of  Refraction  and  Accommodation  of  the  Eye,  and  of  the  Oc- 
ular Muscles.  By  George  T.  Stevens,  M.  D.,  Ph.  D.,  Member  of  the 
American  Medical  Association,  of  the  American  Ophthalmological  Society, 
etc. ;  formerly  Professor  of  Ophthalmology  and  Physiology  in  the  Albany 
Medical  College. 

Small  8vo.    217  pp.    With  Six  Photographic  Plates  and  Twelve  Illustrations.    Ctoth,  $2.50. 


'*  A  careful  study  of  this  work  will  undoubtedly 
dear  up  manv  hitherto  iUy  understood  cases  of 
nervous  troubles,  and  will  lead  to  a  more  success- 
ful treatment  of  such.  .  .  .  ^*— Peoria  Medical 
Monthly. 

"...  We  heartily  commend  his  book  to  all 
thoughtful  students  of  nervous  diseases,  feeling 
sure  that  they  can  not  fail  of  finding  in  it  most 
valuable  suggestions.**— i/'^^ica/  and  Surgical  Re- 
porter, 

*' .  .  .  It  is  fortunate  for  the  profession  that 
Dr.  Stevens  has  done  his  views  full  justice  in  a 
work  to  which  all  can  have  access,  for  they  cer- 
tainly deserve  careful  attention.** — Medical  Press 
of  Western  New  York, 

'* .  .  .  The  work  is  eminently  sumstive  and 
practical  upon  numerous  points,  andrnust  prove 
mteresting  and  very  useful  to  the  student  and 
practitioner.'* — Southern  Medical  Record, 


**.  .  .  To  Dr.  Stevens  the  profession  is  un- 
questionably indebted  for  the  discovery  of  a  new 
and  important  class  of  causative  influences ;  and  no 
physician,  after  a  thoughtful  reading  of  this  ad- 
mirable treatise,  will  fail  to  the  diagnosis  of  an  ex- 
perienced oculist  an  invaluable  aid  to  his  own  in 
any  obstinate  case  of  nervous  disease  under  his 
care.**— AVtv  England  Medical  Garnet te, 

*'Dr.  Stevens  has  written  a  suggestive  little 
book,  and  the  mere  fact  that  it  has  excited  criticism 
is  pretty  fair  proof  that  there  is  good  in  it.  For 
our  own  part,  we  confess  that  we  have  derived 
much  pleasure  from  its  perusal.  .  .  .  Finally,  the 
book  is  written  in  a  stvle  whfch  is  decidedly  fas- 
cinating. Dr.  Stevens  knows  much  about  Engiish 
prose,  and  he  has  a  well-developed  rhythm  boUi  in 
ideas  and  words,  and  hence  he  renders  the  assimila- 
tion of  knowledge  easy.  His  monograph  should 
be  read  by  those  who  are  interested  in  the  prob- 
lems of  nenro-pathology.'*— rAtf  New  York  Medi- 
cal Journal, 
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a  curpful  and  scholarly  medical  scientist/*— vi»i/r»- 
coH  Mtdieal  Digtsf. 

*\  ,  .  just  such  books  as  iJifs  are  needed  to  4 
pound  the  principUs  of  asepsis,  while  demonstn 
mK  the  methods  by  which  it  may  be  attained.  .  .  . 
It  is  a  difBcult  matter  to  find  anything  in  this 
m.ignilicent  book  that  may  be  adversely  cnddsed." 
fhttsburg  Medkitt  Rexfieiv. 
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"  Dr.  Gcrster  has  written  a  valuable  and  inter- 
esting book ;  valuable  in  that  it  gives  the  details  of 
anti- parasitic  surgery  in  the  hands  of  an  adept  and 
an  enthusiastic  t^liever  in  it,  and  interesting  be- 
cause it  is  largely  a  record  of  personal  experience. 
The  profuseness  of  the  illustrations,  and  their 
beauty,  add  much  to  the  value  of  the  work." — 
Philadelphia  Medical  Times. 

*' .  .  .  The  book  may  be  termed  a  treatise  on 
operative  surgical  physiology  and  pathology,  if 
there  be  no  contradiction  in  this  combination  of 
words.  Or,  it  may  be  said  that  the  book  is  a  series 
of  illustrative  sermons  on  the  text.  The  surgeon^s 
act  determines  the  fate  of  a  fresh  wound^  and  its 
infection  and  suppuration  are  due  to  his  technical 
/aults  of  omission  and  commission,  .  .  ." — Jour- 
nal of  the  American  Medical  Association, 


"If  ever  there  was  a  timely  book  written  this  is 
it.  .  .  .  We  need  say  nothing  more  of  this  volume 
than  we  have  already  said  to  assure  our  readers  that 
it  is  one  of  remarkable  value.  If  it  has  its  equal 
an3rwhere  we  are  not  aware  of  it.  If  anything  is 
needed  to  make  the  author's  reputation  this  book 
will  do  it,  as  it  will  most  surely  find  its  way  into 
every  town,  village,  and  hamlet  in  our  broad  land. 
.  .  ." — North  Carolina  Medical  youmal, 

*'  This  is  as  beautiful  a  specimen  of  the  book- 
maker's art  as  we  have  seen.  .  .  .  The  beauty  and 
abundance  of  the  illustrations — which  are  photo- 
graphs taken  during  operation — add  greatly  to  the 
practical  value  of  Uie  work.  In  a  word,  it  is  a 
book  which  every  physician  who  does  any  surgical 
work  ought  to  ha,yt.^Bujfaio  Medical  and  Surgi- 
cal  Journal, 


TEXT-BOOK   OF   DISEASES   OF 

John   V.   Shoemaker,  A.  M.,  M.  D.,  Professor 
Medico-Chirurgical  College  of  Philadelphia. 


THE   SKIN.     By 
of    Dermatology  in  the 


8vo.     With  Six  Chroino»Lithographs  and  numerous  Engravings. 
Cloth,  $5.00;   sheep,  $6.00. 


'* .  .  .  It  is  a  treatise  on  the  skin  which  we  can 
recommend  to  every  physician  as  a  work  of  refer- 
ence, and  in  which  he  will  find  the  latest  vievrs  on 
pathology  and  treatment.  At  the  end  of  the  work 
are  a  number  of  formula,  which  will  prove  very 
valuable  as  a  reference.  It  is  certainly  a  very  com- 
plete book." — Canada  Lancet. 

"  This  is  an  entirely  new  woik  upon  diseases  of 
the  sldn,  by  one  who  evidently  has  had  very  large 
ol»ervation  and  experience  in  those  affections. 
.   .   .   Students  and    physicians  will  find   it  well 


adapted  to  their  wants.  A  proper  study  of  it  will 
give  them  a  very  satisfactory  knowledge  of  skin 
affections." — Cincinnati  Medical  News, 

"...  Dr.  Shoemaker's  excellent  work  will  be 
especially  acceptable  to  the  profession  as  being  free 
from  cumbrous  technicality,  and  as  having  been 
prepared  to  interest  and  instruct  the  practitioner, 
and  not  to  embarrass  him  with  burdensome  det^ls 
that  might  make  the  study  and  the  subject  a  tax 
rather  than  a  pleasure."  —  College  and  Clinical 
Record. 


ELEMENTS    OF  THERAPEUTICS    AND   PRACTICE 

ACCORDING  TO  THE  DOSIMETRIC  SYSTEM.    By  Dr.  D'Oliveira 

Castro. 

8vo,  4S8  pp.     Cloth,  $4.oa 


THE  NEW  YORK  MEDICAL  JOURNAL  VISITING- 
LIST  AND  COMPLETE  POCKET  ACCOUNT-BOOK.  Prepared  by 
Charles  H.  Shears,  A.  M.,  M.  D. 

Price,  $1.25. 

This  List  is  based  upon  an  entirely  new  plan,  the  result  of  an  effort  to  do  away  with 
the  defective  method  of  keeping  accounts  found  in  all  visiting-lists  hitherto  published. 
Each  page  is  arranged  for  the  accounts  of  three  patients,  to  the  number  of  thirty-one 
visits  each,  which  may  have  been  made  during  a  current  month  or  may  extend  over  a 
number  of  months,  according  to  the  frequency  of  the  visits.  With  the  simple  system 
here  inaugurated,  the  practitioner  can  at  a  glance,  and  without  the  trouble  of  tracing 
the  narrow  columns  found  in  the  ordinary  lists,  ascertain  the  condition  of  the  account 
of  any  patient ;  when,  and  how  many  visits  have  been  made ;  what  has  been  paid,  and 
how  much  is  still  due.  //  is  provided  with  an  IndeXy  and  isy  without  doubt^  the  most 
perfect  Visiting-List  ever  offered  to  the  profession^  as  it  possesses  all  the  advantages 
without  the  obiectionable  features  found  in  all  others.  Its  USE  CAN  BE  BEGUN  AT 
any  TIME. 
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